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Abstract

IMPORTANCE The NAPOLI 3 trial showed the superiority of fluorouracil, leucovorin, liposomal
irinotecan, and oxaliplatin (NALIRIFOX) over the combination of gemcitabine and nab-paclitaxel
(GEM-NABP) as first-line treatment of metastatic pancreatic ductal adenocarcinoma (PDAC).
Analyses comparing NALIRIFOX and GEM-NABP with fluorouracil, leucovorin, irinotecan, and
oxaliplatin (FOLFIRINOX) have not yet been reported.

OBJECTIVE To derive survival, response, and toxic effects data from phase 3 clinical trials and
compare NALIRIFOX, FOLFIRINOX, and GEM-NABP.

DATA SOURCES After a systematic search of PubMed, Scopus, Embase, and American Society of
Clinical Oncology and European Society for Medical Oncology meetings’ libraries, Kaplan-Meier
curves were extracted from phase 3 clinical trials conducted from January 1, 2011, until
September 12, 2023.

STUDY SELECTION Phase 3 clinical trials that tested NALIRIFOX, FOLFIRINOX, or GEM-NABP as
first-line treatment of metastatic PDAC and reported overall survival (OS) and progression-free
survival (PFS) curves were selected. This study followed the Preferred Reporting Items for
Systematic Reviews and Meta-analyses of Individual Participant Data reporting guidelines.

DATA EXTRACTION AND SYNTHESIS Individual patient OS and PFS data were extracted from
Kaplan-Meier plots of original trials via a graphic reconstructive algorithm. Overall response rates
(ORRs) and grade 3 or higher toxic effects rates were also collected. A pooled analysis was
conducted, and results were validated via a network meta-analysis.

MAIN OUTCOMES AND MEASURES The primary end point was OS. Secondary outcomes included
PFS, ORR, and toxic effects rates.

RESULTS A total of 7 trials with data on 2581 patients were analyzed, including 383 patients treated
with NALIRIFOX, 433 patients treated with FOLFIRINOX, and 1756 patients treated with GEM-NABP.
Median PFS was longer in patients treated with NALIRIFOX (7.4 [95% CI, 6.1-7.7] months) or
FOLFIRINOX (7.3 [95% CI, 6.5-7.9] months; [HR], 1.21 [95% CI, 0.86-1.70]; P = .28) compared with
patients treated with GEM-NABP (5.7 [95% CI, 5.6-6.1] months; HR vs NALIRIFOX, 1.45 [95% CI, 1.22-
1.73]; P < .001). Similarly, GEM-NABP was associated with poorer OS (10.4 [95% CI, 9.8-10.8];
months) compared with NALIRIFOX (HR, 1.18 [95% CI, 1.00-1.39]; P = .05], while no difference was
observed between FOLFIRINOX (11.7 [95% CI, 10.4-13.0] months) and NALIRIFOX (11.1 [95% CI, 10.1-
12.3] months; HR, 1.06 [95% CI, 0.81-1.39]; P = .65). There were no statistically significant differences
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Abstract (continued)

in ORR among NALIRIFOX (41.8%), FOLFIRINOX (31.6%), and GEM-NABP (35.0%). NALIRIFOX was
associated with lower incidence of grade 3 or higher hematological toxic effects (eg, platelet count
decreased 1.6% vs 11.8% with FOLFIRINOX and 10.8% with GEM-NABP), but higher rates of severe
diarrhea compared with GEM-NABP (20.3% vs 15.7%).

CONCLUSIONS AND RELEVANCE In this systematic review and meta-analysis, NALIRIFOX and
FOLFIRINOX were associated with similar PFS and OS as first-line treatment of advanced PDAC,
although NALIRIFOX was associated with a different toxicity profile. Careful patient selection,
financial toxic effects consideration, and direct comparison between FOLFIRINOX and NALIRIFOX
are warranted.

JAMA Network Open. 2024;7(1):e2350756.
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Introduction

Combination chemotherapy represents the standard of care for advanced pancreatic ductal
adenocarcinoma (PDAC). In particular, FOLFIRINOX, consisting of fluorouracil, leucovorin, irinotecan,
and oxaliplatin,1 or gemcitabine with nab-paclitaxel (GEM-NABP)2 have long represented the gold
standard first-line treatment in patients with metastatic disease, as both regimens were proven
superior to gemcitabine monotherapy. To our knowledge, these combinations have never been
formally compared in a clinical trial, so observational studies and indirect evaluations (eg,
meta-analyses) have tried to define which patients could benefit most from each regimen.3,4

Recently, several investigational agents alone or in combination with standard chemotherapy (mostly
with GEM-NABP) have been tested, all failing to demonstrate a benefit in phase 3 clinical trials.

In this context, the 2023 NAPOLI 3 trial5 was the first positive phase 3 trial in this setting in a
decade. The study compared the combination of fluorouracil, leucovorin, liposomal irinotecan, and
oxaliplatin (NALIRIFOX) with GEM-NABP, showing a benefit of the NALIRIFOX regimen in terms of
both PFS and OS and thus becoming a candidate as a new reference regimen in this setting.5

However, while NALIRIFOX and FOLFIRINOX share a similar chemotherapy profile, they are unlikely
to be directly compared for efficacy and tolerability in a clinical trial.

Based on these considerations, we performed a systematic review and meta-analysis of phase
3 clinical trials of first-line treatment of metastatic PDAC, with the aim of comparing GEM-NABP,
FOLFIRINOX, and NALIRIFOX in terms of PFS, OS, response rates, and toxicity profiles.

Methods

Study Selection Procedure
We performed a reconstructed individual patient data (IPD) pooled analysis of phase 3 clinical trials
and validated our results by means of a network meta-analysis (NMA) of selected studies. The
Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) reporting guidelines
for IPD (PRISMA-IPD) and for NMA (PRISMA-NMA) were followed.

To this aim, we selected studies adopting the following criteria: phase 3 clinical trials; patients
with metastatic PDAC (excluding locally advanced, unresectable PDAC); first-line treatment; at least
1 trial group (experimental and/or control) receiving GEM-NABP, FOLFIRINOX, or NALIRIFOX,
planned at standard dose density and intensity; and available PFS and OS Kaplan-Meier plots with
number-at-risk tables. Studies testing GEM-NABP, FOLFIRINOX or NALIRIFOX at 50% or lower doses
were excluded. Prior adjuvant treatment was allowed, according to each trial inclusion criteria.

JAMA Network Open | Oncology NALIRIFOX, FOLFIRINOX, and GEM-NABP First-Line Chemotherapy in Pancreatic Cancer

JAMA Network Open. 2024;7(1):e2350756. doi:10.1001/jamanetworkopen.2023.50756 (Reprinted) January 8, 2024 2/13

Downloaded from jamanetwork.com by guest on 07/19/2024

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.50756&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.50756
http://www.equator-network.org/reporting-guidelines/prisma/
https://jamanetwork.com/journals/jama/fullarticle/2279718/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.50756
https://www.acpjournals.org/doi/10.7326/M14-2385?articleid=2299856


A systematic review was conducted on PubMed, Scopus, Embase, and American Society of
Clinical Oncology and European Society for Medical Oncology meetings’ libraries for eligible studies
performed between January 1, 2011, and September 12, 2023. In the screening procedure, 2
reviewers (F.N. and S.R.) independently searched and selected abstracts according to the search
criteria. The query string for each database is provided in the eMethods in Supplement 1. If either of
the studies was reported more than once with updated results, only the latest and most complete
publication was used as the primary trial source. The trials were assessed for risk of bias by using the
Cochrane Risk of Bias (version 2) tool for randomized clinical trials (RCTs).6

For each eligible study, background information was extracted for the trial’s design, inclusion
and exclusion criteria, treatment regimens (dose and schedule), number of patients, and baseline
clinical features. Moreover, the absolute numbers according to best response and patients
experiencing grade 3 or higher toxic effects were collected.

Reconstruction of Time-to-Event Outcomes
A graphical reconstructive algorithm was used to estimate time-to-event outcomes (OS and PFS)
from reported Kaplan-Meier plots of each group of each study according to the method by Guyot
et al7 and implemented by Liu et al,8 as previously reported.9 Data reconstruction was performed
independently by 3 investigators (F.N., S.R., and P.A.) and the best reconstruction was selected.
Details about reconstruction accuracy evaluation are reported in the eMethods in Supplement 1.

Once extracted, IPD of the same treatment group (GEM-NABP, FOLFIRINOX, or NALIRIFOX)
across different trials were pooled. Other comparator groups were removed and used only in the
validation NMA.

Statistical Analysis
The primary end point of the analysis was OS, as evaluated as the time from treatment start to death
or last follow-up within the range of observation periods in the clinical trials included, for each
treatment group. Secondary end points were PFS, evaluated as the time from treatment start to
disease progression, death, or last follow-up within the range of observation periods in the clinical
trials included; overall response rate (ORR), defined as the rate of patients experiencing complete or
partial response out of all patients in each treatment group; and the rate of grade 3 or higher toxic
effects for each treatment group. Studies lacking detailed information about the number of patients
evaluable for treatment response and studies not reporting the detailed number of patients
experiencing a specific toxic effect were excluded from their respective analyses.

To validate the pooled analysis survival results despite a possible bias due to different median
follow-up times among included trials, 3 approaches were adopted: (1) 16- and 12-month PFS and OS
rates were evaluated; (2) in a secondary analysis, reconstructed survival data were censored at the
time of the shortest follow-up among included studies; and (3) a frequentist method-based NMA was
performed using hazard ratios (HRs) from the original trials.

Furthermore, to determine the power and potential sample size required to appropriately
demonstrate significant of PFS and OS findings, power analyses were performed using estimated
treatment effects from the Cox proportional hazards models of derived subgroups. To estimate the
power of our analysis, together with the required 1:1 sample size to demonstrate NALIRIFOX as the
superior regimen with 80% power, we further pooled the treatment groups into experimental
(NALIRIFOX) and control (FOLFIRINOX and GEM-NABP) and evaluated the study power using the HR
of the comparison together with α = 5%. Similarly, sensitivity analyses were performed by excluding
the FOLFIRINOX and GEM-NABP groups in turn and comparing with NALIRIFOX. In case of similar
treatment outcomes between 2 regimens (ie, HRs between 0.90 and 1.10), a noninferiority design
was adopted.

Median follow-up was quantified with the reverse Kaplan-Meier estimator, while pooled PFS
and OS curves were estimated with the Kaplan-Meier method, and all were compared by means of
global and pairwise log-rank tests. The outcome of each group was investigated with Cox
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proportional hazard regression models, with individual patient’s clinical trial data included as a
random variable to account for interstudy differences, as in previous works.10,11 The methods are
further detailed in the eMethods in Supplement 1.

Model results were summarized using HRs, together with the corresponding 95% CIs and
likelihood ratio test P values. We compared 6- and 12-month survival rates using Peto and Peto
modification of Gehan Wilcoxon test to account for early differences in survival times. The NMAs was
conducted based on a 1-stage, frequentist approach to calculate the pooled effect estimates for all
interventions compared with the reference treatment (NALIRIFOX), by means of random-effects
models. Given the design of included trials, neither within-designs heterogeneity (ie, only 1
comparison per design) nor between-designs inconsistency (ie, no loops in the network) could be
identified.

Pooled rates of grade 3 or higher toxic effects and best response rates among different
treatment groups were compared using χ2 tests. Moreover, logistic regression was used to assess the
probability of grade 3 or higher toxic effects and of response to treatment, with individual patient’s
clinical trial included as a random variable. Of note, equivalent toxic effects terms reported separately
in original reports were pooled, namely neutrophil count decreased and neutropenia, peripheral
neuropathy and peripheral sensory neuropathy, and fatigue and asthenia.

The threshold for statistical significance was set to P = .05 and all statistical tests were 2-sided.
All analyses were conducted using R statistical software version 4.2.2 (R Project for Statistical
Computing). A full list of R packages used in analyses is provided in the eMethods in Supplement 1.
Data were analyzed from June 1 to September 12, 2023.

Results

Study Selection and Characteristics
A total of 1968 studies were screened by title and abstract, and 7 studies1,2,5,12-15 with IPD for 2581
participants were included in the main analysis (Figure 1; eFigure 1 in Supplement 1). By treatment
group, 383 participants (14.8%) were treated with NALIRIFOX, 1765 participants (68.4%) were
treated with GEM-NABP, and 433 participants (16.8%) were treated with FOLFIRINOX.

The study selection process is shown in Figure 1 and eFigure 1 in Supplement 1. Of note, 1 trial16

was excluded despite including FOLFIRINOX in the required setting because treatment was
administered at significantly lower doses than standard of care. Of 7 trials1,2,5,12-15 included in analysis,
2 studies (ACCORD 111 and AVENGER50012) included FOLFIRINOX (as experimental and control

Figure 1. Study Selection Flowchart

1968 Studies identified through 
database search
746
128
279
717
98

PubMed
Embase
Scopus
ASCO Meeting Library
ESMO Oncology Pro 1961 Excluded

977
659
242
40
22
21

Not phase III trial
Not pancreatic cancer
Duplicate records
Not first-line treatment
Not metastatic
Not useful regimen7 Studies included

2581 Patients analyzed

1765 Receiving GEM-NABP383 Receiving NALIRIFOX 433 Receiving FOLFIRINOX

ASCO indicates American Society of Clinical Oncology;
ESMO, European Society for Medical Oncology;
FOLFIRINOX, irinotecan, oxaliplatin, folinic acid, and
fluoruracil; GEM-NABP, gemcitabine and
nab-paclitaxel; NALIRIFOX, liposomal irinotecan,
oxaliplatin, folinic acid, and fluoruracil.
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groups, respectively), while the remaining 5 trials all had GEM-NABP, which represented the
experimental group only in the MPACT trial.2 As expected, NALIRIFOX was tested only in the NAPOLI
3 trial.5 The characteristics of the studies are summarized in the Table and eTable 1 in Supplement 1.

The risk of bias analysis yielded low risk for all studies (eTable 2 in Supplement 1). The graphical
reconstructive algorithm yielded patient-level data that derived similar median PFS, OS, and HRs to
original trials. Furthermore, a near-complete overlap was observed in survival curves compared with
matched cohorts in the original plots (eTable 3 in Supplement 1).

Survival Outcomes and ORRs
Median (IQR) follow-up was 18.8 (13.6-23.5) months overall, and 16.2 (13.5-18.9) months in the
NALIRIFOX group, 20.3 (13.7-24.6) months for the pooled GEM-NABP group, and 18.8 (13.3-23.8)
months for the pooled FOLFIRINOX group. Pairwise comparison between treatment groups revealed
that median follow up times were significantly shorter for the NALIRIFOX group (log-rank P vs
GEM-NABP < .001 and log-rank P vs FOLFIRINOX < .009), while no significant difference was found
between FOLFIRINOX and GEM-NABP (log-rank P = .30).

Median PFS was 7.4 (95% CI, 6.1-7.7) months for NALIRIFOX, 5.7 (95% CI, 5.6-6.1) months for
GEM-NABP and 7.3 (95% CI, 6.5-7.9) months for FOLFIRINOX (global log-rank P < .001) (Figure 2A;
eTable 4 in Supplement 1). Using NALIRIFOX as the reference group and accounting for between-
study heterogeneity, the GEM-NABP group had worse PFS (HR, 1.45 [95% CI, 1.22-1.73]; P < .001),
while no statistically significant difference was observed for the FOLFIRINOX group (HR, 1.21 [95% CI,
0.86-1.70]; P = .28).

Median OS was 11.1 (95% CI, 10.1-12.3) months for NALIRIFOX, 10.4 (95% CI, 9.8-10.8) months
for GEM-NABP, and 11.7 (95% CI, 10.4-13.0) months for FOLFIRINOX (global log-rank P = .19)
(Figure 2B; eTable 4 in Supplement 1). Compared with NALIRIFOX, GEM-NABP was associated with
worse OS (HR, 1.18 [95% CI, 1.00-1.39]; P = .05) but there was no significant difference for
FOLFIRINOX (HR, 1.06 [95% CI, 0.81-1.39]; P = .65).

These results were confirmed in a secondary analysis censored at the shortest median follow up
(ie, 16.2 months) (eFigure 2 in Supplement 1). Moreover, using the NMA approach, GEM-NABP was
confirmed as having significantly inferior PFS (HR, 1.45 [95% CI, 1.21-1.73]; P < .001) and OS (HR, 1.20
[95% CI, 1.01-1.43]; P = .03) compared with NALIRIFOX, while no significant difference was observed
with FOLFIRINOX (PFS: HR, 0.99 [95% CI, 0.70-1.39]; P = .94; OS: HR, 0.95 [95% CI, 0.68-1.33];
P = .78) (eFigure 3 in Supplement 1).

Analysis of 6- and 12-month OS did not find statistically significantly higher OS for NALIRIFOX
compared with FOLFIRINOX or GEM-NABP. Analysis of 6- and 12-month PFS found significantly
lower PFS for GEM-NABP compared with both NALIRIFOX and FOLFIRINOX (eTable 5 in
Supplement 1).

Furthermore, as an exploratory analysis, the differences in PFS and OS of patients treated with
GEM-NABP across different trials were tested. Notably, the outcomes associated with GEM-NABP
improved over the years with each trial, while the GEM-NABP group of the NAPOLI 3 trial5 reported
no significant differences in OS or PFS compared with the MPACT study2 (eFigure 4 in Supplement 1).

In terms of response rates, the AVENGER50012 and RESOLVE15 trials did not report detailed
absolute numbers and percentages regarding treatment response and were thus excluded from our
ORR analysis. According to the remaining trials, there was no statistically significant difference in
ORR for NALIRIFOX (41.8%) compared with FOLFIRINOX (31.6%) or GEM-NABP (35.0%) (NALIRIFOX
vs FOLFIRINOX: adjusted odds ratio [aOR], 1.45 [95% CI, 0.67-3.11], P = .34; NALIRIFOX vs
GEM-NABP: aOR, 1.28 [95% CI, 0.96-1.70]; P = .96; FOLFIRINOX vs GEM-NABP: aOR, 0.88 [95% CI,
0.43-1.83]; P = .74). Detailed ORR findings are reported in eTable 1 and eFigure 5 in Supplement 1.

Power Analysis
Given the very similar outcomes observed between cohorts treated with NALIRIFOX and
FOLFIRINOX, a superiority analysis design would require an unrealistic number of patients to
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demonstrate a very small difference. Therefore, power and sample size evaluations of this
comparison were performed using a noninferiority design. The evaluable noninferiority margin (with
80% power and with the observed sample size and with the probability of event observed in
upstream analyses approximately 70%) and the sample size required to assess noninferiority (with
the boundary set as the reciprocal of the HR observed between NALIRIFOX and GEM-NABP)
were tested.

Figure 2. Reconstructed Kaplan-Meier Plots for Progression-Free Survival and Overall Survival According to First-Line Regimen
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FOLFIRINOX indicates irinotecan, oxaliplatin, folinic acid, and fluoruracil; GEM-NABP, gemcitabine and nab-paclitaxel; NALIRIFOX, liposomal irinotecan, oxaliplatin, folinic acid,
and fluoruracil. Dotted lines indicate median survival.
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Results are provided in eTable 6 in Supplement 1. The analysis confirmed that our study had
sufficient power to compare NALIRIFOX with GEM-NABP in terms of PFS, although less power in
terms of OS (approximately 65%), given the unbalanced sizes of the groups and the smaller effect
size. However, based on our evidence, a clinical trial testing this end point would require a large
number of patients (approximately 800 patients per group). Concerning NALIRIFOX vs FOLFIRINOX,
the sample size in this systematic review and meta-analysis (ie, 383 patients in the NALIFRIFOX
groups vs 433 patients in the FOLFIRINOX group) allows us to demonstrate, with 80% power, a
noninferiority margin up to 1.23 (ie, FOLFIRINOX would be considered noninferior if the HR vs
NALIRIFOX did not exceed 1.23) both for OS and for PFS. In contrast, taking the reciprocal of the
observed HR for the NALIRIFOX vs GEM-NABP comparison as the margin (OS, 1.18; PFS, 1.43), a
noninferiority study would similarly require a very large number of patients (approximately 1400
patients) for OS, while the sample size needed for PFS (287 patients) would be smaller than our
actual cohort.

Safety
We compared the 3 pooled regimens in terms of toxic effects. Details on missingness of toxic effects
data in each trial are provided in Figure 3 and eTable 7 in Supplement 1. Overall, NALIRIFOX was
associated with significantly lower incidence of thrombocytopenia compared with both other
regimens (1.6% vs 11.8% with FOLFIRINOX and 10.8% with GEM-NABP), and of anemia and
neutropenia compared with GEM-NABP. A higher incidence of diarrhea was reported with
NALIRIFOX (20.3%) vs GEM-NABP (15.7%), although not significantly more than in patients treated
with FOLFIRINOX (16.8%). Conversely, FOLFIRINOX was associated with the highest risk of febrile
neutropenia and vomiting, while patients receiving GEM-NABP reported the highest rates of anemia
and peripheral neuropathy compared with the other regimens.

Figure 3. Reporting Incidence of Grade 3 or Higher Toxic Effects According to the Pooled Treatment Regimens
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P values of adjusted logistic regression models are plotted for each comparison.
FOLFIRINOX indicates irinotecan, oxaliplatin, folinic acid, and fluoruracil; GEM-NABP,
gemcitabine and nab-paclitaxel; NALIRIFOX, liposomal irinotecan, oxaliplatin, folinic
acid, and fluoruracil.
a Equivalent terms reported separately in original reports were pooled before the

analysis, including neutrophil count decreased and neutropenia, peripheral neuropathy
and peripheral sensory neuropathy, and fatigue and asthenia.

b The following toxic effects were not detailed in all trials: platelet count decreased and
fatigue rates were not available in CanStem111P13 trial results; diarrhea rates were not
available in HALO trial14 results; peripheral neuropathy rates were not available in
CanStem111P,13 HALO,14 and AVENGER50012 trial results; vomit rates were not
available in CanStem111P, MPACT,2 HALO,14 and AVENGER50012 trial results.
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Discussion

This systematic review and meta-analysis compared NALIRIFOX, FOLFIRINOX, and GEM-NABP in
terms of survival outcomes, response rates, and toxic effects from phase 3 trials. Our findings
suggest that NALIRIFOX and FOLFIRINOX may provide equal efficacy as first-line treatment of
metastatic PDAC but with different toxicity profiles. The treatment of metastatic PDAC remains a
significant challenge in oncology, as the most used regimens, FOLFIRINOX and GEM-NABP, have
moderate efficacy in terms of PFS and OS, which are still often less than 1 year. Overall, FOLFIRINOX
has historically been reported to provide higher ORR and superior survival outcomes at the cost of
greater toxic effects compared with GEM-NABP, although without a formal head-to-head
comparison.3 As a result, there is heterogeneity in the choice of the appropriate first-line of
treatment in daily clinical practice, with GEM-NABP administered to a wider patient population, while
FOLFIRINOX is preferred for carefully selected patients, according to country-specific prescription
regulations, patient age, clinical conditions, and treatment aim (eg, disease control vs tumor
shrinkage).17 With the introduction of NALIRIFOX as a new active regimen in this setting,5 there is an
ongoing debate on how this regimen compares with the very similar FOLFIRINOX.

Our work represents, with all the inevitable limitations, a comparison among these 3 regimens.
In terms of activity, our analysis found that the NALIRIFOX and FOLFIRINOX regimens were
associated with more overall efficacy than GEM-NABP. However, it should be noted that, compared
with most phase 3 studies that used GEM-NABP as a standard-of-care backbone, the outcomes
associated with this regimen have clearly improved over time, leading in the most recent studies to
results similar to those observed with NALIRIFOX and FOLFIRINOX. This may be due to an improving
ability of clinicians over the years to manage this regimen and, therefore, to manage its toxic effects
and maintain both dose density and intensity. Thus, considering GEM-NABP as a suboptimal option is
not straight forward.

Furthermore, there was no significant difference in OS among patients treated with NALIRIFOX
compared with those treated with FOLFIRINOX. Indeed, NALIRIFOX failed to break the symbolic wall
of 12 months of median OS, thus questioning the real improvement shown in the NAPOLI 3 trial.5

This result is even more relevant considering that NALIRIFOX and FOLFIRINOX are similar in terms of
type and dosage of the drugs administered, but with an unfavorable cost-effectiveness ratio. In fact,
the mean cost per cycle of liposomal irinotecan has been estimated as more than 100-fold that of
irinotecan.

In terms of safety, NALIRIFOX was associated with the most favorable toxicity profile, with a
lower incidence of hematological toxic effects and peripheral neuropathy, which often represent the
limiting adverse events for the other 2 regimens. This profile might be due also to the different drugs
dosing, ie, the lower dose of oxaliplatin may explain the favorable rates of peripheral neuropathy
compared with FOLFIRINOX. This tolerable toxicity profile and the high ORR make it an interesting
regimen in certain settings, such as neoadjuvant or perioperative therapy, in which maximizing tumor
shrinkage and minimizing toxic effects are primary objectives. However, it should be noted that
FOLFIRINOX is increasingly used in clinical practice and in clinical trials in the nonmetastatic setting
as modified FOLFIRINOX (ie, without fluorouracil bolus and with reduced dosage of irinotecan),
which is potentially better tolerated and therefore more easily administered in daily practice as well.

Based on all these considerations, what is the future for the treatment of metastatic PDAC? To
date, our data suggest that triplet chemotherapy should be considered in all patients, unless specific
contraindications are identified. Among these, careful patient selection should be based on the
toxicity profile (eg, avoiding nanoliposomal irinotecan in patients at risk for severe complications in
case of grade �3 diarrhea; reserving NALIRIFOX for patients for whom significant tumor shrinkage is
necessary, given the higher response rate, and in whom peripheral neuropathy could compromise
treatment adherence, as in long-course patients with long-course diabetes), age, performance
status, allergy to 1 specific drug, DPYD18 or UGT1A119 deficiency, or prior modified FOLFIRINOX
treatment in the adjuvant setting within 6 months before recurrence. In such patients, GEM-NABP
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remains a valid option. Moreover, biomarker-driven treatment selection should be encouraged in the
future. Previous research has shown that a tumor’s homologous recombination deficiency is
associated with sensitivity to platinum-based chemotherapy.20,21 In this light, testing for germline
BRCA1-2 alterations should be routinely performed, as recommended by most guidelines,22,23 while
there is increasing interest toward the assessment of somatic homologous recombination deficiency,
including but not limited to BRCA1-2 or PALB2 alterations. Ultimately, our data do not suggest a
preference between NALIRIFOX and FOLFIRINOX, which can thus be still considered a valid option
to be further explored in its modified version in the metastatic disease setting.

Limitations
Our work has limitations that should be carefully considered for interpretation of results. First,
reconstructed IPD were used, so we were unable to adjust for other pertinent patient-level
covariates. Heterogeneity among the populations of the different trials may affect the pooled results.
For example, trials testing FOLFIRINOX had an age cap while those studying GEM-NABP (including
NAPOLI 3) treated patients older than 76 years, although median age was similar across all studies.
Similarly, of the 7 studies assessed,1,2,5,12-15 3 studies1,13,15 did not allow prior adjuvant treatment, while
4 studies2,5,12,14 did, with different intervals from adjuvant treatment suspension to start of first-line
treatment. Among studies that allowed prior adjuvant treatment, AVENGER50012 used the modified
FOLFIRINOX regimen in the experimental group, so that patients could not be treated with the same
regimen in the adjuvant setting. However, since we included phase 3 RCTs with globally comparable
inclusion criteria, the risk of bias due to these limitations should be minimal.

As a further limitation, some response and toxic effects data were available only in a subset of
studies. Also, the sample size in the 3 considered groups was unbalanced, with most patients being
treated with GEM-NABP. NALIRIFOX has been studied in only 1 phase 3 RCT in this setting, with a
median follow up that is currently shorter than that of the studies investigating the other 2 regimens,
thus a judgment on its effectiveness may be not conclusive. It will therefore be necessary to wait for
longer follow up data to draw conclusions in terms of outcome.

Conclusions

This systematic review and meta-analysis is the first study, to our knowledge, to report head-to-head
comparisons among NALIRIFOX, FOLFIRINOX, and GEM-NABP and may serve as a benchmark for
future studies evaluating first-line treatment of metastatic PDAC. These findings may empower a
more careful evaluation of these regimens, highlighting the need for careful patient selection and
financial toxic effects consideration.
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