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Aim: This study aimed to evaluate and compare the therapeutic efficacy and adverse effects of two sequential treatment strategies in
patients with unresectable advanced pancreatic cancer (aPC), albumin-bound-paclitaxel plus gemcitabine administered follow by
mFOLFIRINOX or SOXIRI (AG-F(S)FX,,) versus the reverse sequence regimen F(S)FX,-AG.

Methods: In this retrospective analysis, patients with unresectable advanced pancreatic cancer (aPC) who received either
AG-F(S)FX,, or F(S)FX,,-vAG were included. Key endpoints were overall survival (OS), progression-free survival (PFS), and
treatment-related toxicity. Survival outcomes were assessed using Kaplan-Meier curves, and differences between groups were
examined through hazard ratios (HR) and corresponding p-values.

Results: A total of 107 patients were analyzed, including 49 who underwent AG-F(S)FX,, and 58 who received F(S)FX,,-AG. The
median OS was 14.60 months for F(S)FX,,-AG and 12.20 months for AG-F(S)FX,, (HR: 1.04, 95% CI: 0.69-1.57, p= 0.86). Median
PFS1, median PFS2 and median total PFS (tPFS) were 5.20 months versus 4.83 months (HR: 0.81, 95% CI: 0.54-1.21, p= 0.3), 4.53
months versus 5.77 months (HR: 1.15, 95% CI: 0.71-1.88, p= 0.60) and 13.80 months versus 12.80 months (HR: 0.90, 95% CI:
0.55-1.48, p=0.67) for F(S)FX,,,-AG versus AG-F(S)FX,,. Given their comparable efficacy, we further compared the safety profiles of
both regimens. The toxicity profiles differed between the two sequential treatments. Leukopenia was more common with first-line AG,
while gastrointestinal toxicity, fatigue, and sensory neuropathy were more frequent with first-line F(S)FX,,. Additionally, elevated
aspartate aminotransferase was more often reported with second-line AG.

Conclusion: Both AG-F(S)FX,, and F(S)FX,,-AG demonstrated comparable efficacy in treating aPC, with F(S)FX,-AG showing
a trend toward improved outcomes. The choice of sequential treatment should be guided by toxicity profiles and patient-specific
factors. Further prospective studies are warranted to optimize treatment sequencing and personalize therapy for improved patient
outcomes.
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Introduction
Pancreatic cancer is one of the deadliest malignancies, characterized by a five-year survival rate of only 5% to 10%-the

lowest reported among all major cancer types.'> Despite advancements in both medical therapies and surgical
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techniques, the overall survival rate has improved only marginally in recent decades. Surgical resection remains the only
potentially curative option. However, merely 15%-20% of patients are diagnosed at a stage where surgery is feasible.
The majority of patients present with advanced stage, either with locally advanced or metastatic pancreatic adenocarci-
noma (aPC), for which systemic chemotherapy remains the cornerstone of treatment. Furthermore, up to 80% of patients
who undergo surgery experience disease recurrence within five years,” necessitating further chemotherapy. In short,
chemotherapy plays a critical role in the treatment of pancreatic cancer.

The emergence of multi-drug chemotherapy protocols has notably influenced the therapeutic landscape of aPC.
Among these, FOLFIRINOX (a combination of fluorouracil, leucovorin, irinotecan, and oxaliplatin) and the combination
of albumin-bound-paclitaxel with gemcitabine (AG) are now recognized as standard first-line therapies for advanced
disease.® Compared to the earlier standard of gemcitabine monotherapy, both combination regimens have shown superior
survival benefits.”® However, given the frequent occurrence of grade 3—4 toxicities associated with FOLFIRINOX,
several studies have explored dose-modified FOLFIRINOX (mFOLFIRINOX), offering comparable efficacy with
improved safety profiles.'®'? Moreover, several Phase II trials, including our published study, have shown that the
SOXIRI regimen (S-1, oxaliplatin, and irinotecan) offers similar efficacy to mFOLFIRINOX and may be better tolerated
as a first-line therapy for patients with locally advanced or metastatic disease.'* '

However, despite these advances, the optimal sequencing of chemotherapy regimens remains unclear and continues to
be an active area of research. Selecting the most appropriate first-line treatment and determining the subsequent
therapeutic approach after disease progression are key factors that impact patient outcomes. Real-world data on the
effectiveness and toxicity profiles of different treatment sequences are crucial for guiding clinical decisions and
improving outcomes.

This retrospective analysis seeks to evaluate the efficacy and safety of sequential chemotherapy using
mFOLFIRINOX (FFX,,) or SOXIRI and AG regimens in patients with aPC treated at a single center. The findings are
expected to enhance the current evidence base and contribute to the optimization of therapeutic strategies for this
aggressive malignancy.

Methods

For more detailed methods, please refer to the Supplementary Materials.

Study Design and Population

This retrospective cohort study included patients with unresectable (locally advanced or metastatic) pancreatic cancer
who were administered first-line (1L) FFX,,, or SOXIRI (F(S)FX,,) followed by second line (2L) AG, or 1L AG followed
by 2L FFX,, or SOXIRI at Sun Yat-sen University Cancer Center between January 2015 to December 2022.

The inclusion criteria were as follows: 1) age > 18 years, 2) receipt of at least one cycle of both AG and either FFX,
or SOXIRI, 3) histologically confirmed pancreatic adenocarcinoma, 4) measurable pancreatic adenocarcinoma and/or
metastatic lesions without prior chemotherapy for unresectable disease, or patients who had completed neoadjuvant or
adjuvant chemotherapy more than six months prior, 5) Eastern Cooperative Oncology Group (ECOGQG) performance status
score of 0 or 1, 5) adequate bone marrow, liver and renal function (details are shown in Supplementary methods).

Exclusion criteria included: pancreatic acinar or endocrine carcinoma, a history of other significant malignancies,
brain metastases, breastfeeding or pregnancy, and active infection.
All consecutive patients meeting the inclusion criteria within this period were enrolled to minimize selection bias.

Chemotherapy Regimens
Patients were categorized into two groups based on the sequence of treatment received: AG-F(S)FX,, group: Patients
who received albumin-bound-paclitaxel plus gemcitabine followed by mFOLFIRINOX or SOXIRI.

F(S)FX,-AG group: Patients who received mFOLFIRINOX or SOXIRI followed by albumin-bound-paclitaxel plus
gemcitabine.

F(S)FX,, refers to a triplet chemotherapy regimen consisting of either modified FOLFIRINOX or SOXIRI: oxaliplatin
at 65 mg/m? or 85 mg/m?, irinotecan at 150 mg/m* or 180 mg/m?, respectively, combined with 5-fluorouracil (5-FU)
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administered as a 46—48 hour continuous intravenous infusion at 2400 mg/m?, or oral tegafur at 40 mg twice daily for 2
consecutive weeks. AG is a doublet regimen combining gemcitabine (1000 mg/m?) and albumin-bound-paclitaxel
(125 mg/m?), administered on day 1 and day 8 of a 3-week cycle. Dose reductions of one or more agents (by
20-25%) were permitted at the discretion of the treating physician in cases of grade 4 toxicity.

Data Collection

Clinical data were obtained from electronic medical records and included patient demographics, baseline characteristics,
treatment regimens, and follow-up outcomes. Collected baseline characteristics encompassed general information,
disease status, comorbidities, anthropometric and biochemical measurements, as well as tumor markers. Detailed patient
characteristics are shown in Supplementary methods.

End Points

The primary end points were overall survival (OS) and progression free survival (PFS). Additional endpoints included
objective response rate (ORR), disease control rate (DCR) and treatment-related toxicity. OS was defined as the time
from the start of first line (1L) treatment to death from any cause. PFS1 referred to the duration from the initiation of 1L
therapy to either progression on first-line treatment or the commencement of second-line therapy. PFS2 was calculated
from the start of second-line treatment to disease progression on second-line therapy, the beginning of third-line
treatment or death from any cause. Total PFS (tPFS) was defined as PFS1 plus PFS2. Treatment response was evaluated
by the clinician in accordance with Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. Adverse events
(AEs) were assessed at the start of each treatment cycle and graded based on the Common Terminology Criteria for
Adverse Events (CTCAE) version 5.0. For each type of toxicity, the highest grade observed during treatment was
documented and used for comparison between groups.

Statistical Analysis

Baseline characteristics and treatment-related variables were summarized using descriptive statistical methods, including
frequencies and percentages for categorical variables and medians with interquartile ranges for continuous variables. To
evaluate survival outcomes-including OS, PFS1, PFS2 and tPFS, Kaplan-Meier survival curves were constructed.
Differences between groups were assessed using the Log rank test. Subgroup analyses were performed based on key
baseline variables such as age, ECOG performance status, liver metastasis, albumin levels, and treatment duration.
Survival outcomes were compared using Cox proportional hazards models within each subgroup. To account for
potential confounding factors, multivariate analyses were performed using Cox proportional hazards regression models.
Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated for OS, PFS1, PFS2, and tPFS, with adjustments
for clinically relevant covariates such as age, sex, ECOG performance status, and tumor stage at baseline. Adverse events
were evaluated based on the National Cancer Institute’s Common Terminology Criteria for Adverse Events (CTCAE)
version 5.0. The incidence of adverse events was compared between treatment groups using either the chi-square test or
Fisher’s exact test, depending on the sample size and distribution characteristics of the data. Statistical analyses were
conducted using R software, with significance defined as p < 0.05.

Results

Patient Characteristics

This study enrolled 107 patients diagnosed with locally advanced or metastatic pancreatic cancer who underwent
sequential chemotherapy. Among them, 58 patients received the F(S)FX,,,-AG regimen, SOXIRI or FFX,, as first-line
(1L) therapy followed by AG as second-line (2L) therapy, while 49 patients were treated with the AG-F(S)FX,, regimen,
receiving AG in 1L and SOXIRI or FFX, in 2L. Specifically, in the first-line treatment setting, 25 patients received
FFX,, and 33 received SOXIRI. In the second-line treatment, 37 patients received FFX,, and 12 received SOXIRI.
Baseline characteristics for both groups are summarized in Table 1, with no significant differences observed between the
two groups. The follow-up duration ranged from 1.97 to 60.43 months, with a median follow-up time of 12.27 months
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Table | Basline Characteristic of All Patients

Basline characteristic AG-F(S)FX,,, F(S)FX,-AG P
(n=49) (58)

Age (mean (SD)) 58.00 (8.22) 56.57 (9.08) 0.398

Gender (%)

Female 19 (38.8) 21 (36.2) 0.942

Male 30 (61.2) 37 (63.8)

ECOG score (%) 0.157

0 3 (7.0) 0 (0)

| 40 (93) 56 (100)

Biliary drainage (%)

No 45 (91.8) 52 (89.7) 0.958

Yes 4 (8.2) 6 (10.3)

Histological Grade (%)

| 2 (44) 3 (7.5) 0.892

Il 43 (95.6) 37 (92.5)

Stage (%)

1] 5(10.2) 13 (22.4) 0.155

v 44 (89.8) 45 (77.6)

Liver metastases (%)

No 32 (65.3) 26 (44.8) 0.054

Yes 17 34.7) 32 (55.2)

Lung metastases (%)

No 44 (89.8) 53 (91.4) 1.000

Yes 5(10.2) 5(8.6)

Distant lymph node metastases (%)

No 30 (61.2) 45 (77.6) 0.103

Yes 19 (38.8) 13 (22.4)

Peritoneal metastases (%)

No 39 (79.6) 47 (81.0) 1.000

Yes 10 (20.4) 11 (19.0)

Other metastases (%)

No 33 (67.3) 46 (79.3) 0.237

Yes 16 (32.7) 12 (20.7)

First line treatment course (median [IQR]) 6.00 [4.00, 6.00] 7.00 [4.00, 9.75] 0.034*

Second line treatment course (median [IQR]) 3.00 [2.00, 6.00] 2.25 [2.00, 6.00] 0.299
Efficacy evaluation- First line (%)

Missing 0 (0.0) 1 (1.7) 1.000
Yes 49 (100.0) 57 (98.3)
Efficacy evaluation-Second line (%)
Missing 14 (28.6) 15 (25.9) 0.924
Yes 35(71.4) 43 (74.1)
Location (%)
Head 17 (34.7) 22 (38.6) 0.619
Multicentric 19 (38.8) 17 (29.8)
Other 13 (26.5) 18 (31.6)
Pathological type (%)
Ductal adenocarcinoma 46 (93.9) 56 (96.6) 0.847
Non-ductal adenocarcinoma 3 (6.1) 2 (34)
CAI199 level (%)
<35 6 (12.2) 15 (27.8) 0.087
235 43 (87.8) 39 (722)

(Continued)
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Table | (Continued).

Basline characteristic AG-F(S)FX,, F(S)FX,,-AG P
(n=49) (58)

CAI25 level (%)

<35 12 (36.4) 19 (59.4) 0.108

235 2| (63.6) 13 (40.6)

CA242 level (%)

<20 3 (30.0) 2 (40.0) 1.000

=20 7 (70.0) 3 (60.0)

CA724 level (%)

<53 8 (50.0) 16 (59.3) 0.785

253 8 (50.0) Il (40.7)

CEA level (%)

<5 22 (44.9) 30 (56.6) 0.325

=5 27 (55.1) 23 (43.4)

Diabetes (%)

No 37 (75.5) 40 (69.0) 0.593

Yes 12 (24.5) 18 (31.0)

Notes: *Significantly different.

for the overall cohort. The median number of first-line treatment cycles was 6 in the AG-F(S)FX,, group and 7 in the
F(S)FX,-AG group. For second-line therapy, the median number of cycles administered was 3 in the AG-F(S)FX,,, group
and 2.25 in the F(S)FX,,-AG group. During first line treatment, all patients except one (1.7%) in the F(S)FX,,-AG group
underwent imaging evaluation. During second-line therapy, imaging assessments were not performed in 28.6% (n = 14)
of patients in the AG-F(S)FX,,, group and 25.9% (n = 15) in the F(S)FX,,-AG group. For these individuals, survival data
were collected via telephone follow-up.

Univariate and Multivariate Analyses for the Whole Patients

Univariate and multivariate Cox regression analyses were conducted to identify independent prognostic factors for OS and
PFS, based on baseline characteristics of all patients treated with either AG-F(S)FX,, or F(S)FX,,-AG (Tables S1-S4). In
univariate analysis, the number of first-line treatment cycles was found to be an independent prognostic factor for both PFS1
(HR= 0.15, 95% CI: 0.09-0.24, p= 0.000) and tPFS (HR =0.44, 95% CI: 0.26-0.72, p= 0.001). Meanwhile, the number
of second-line treatment cycles was an independent predictor of PFS2 (HR=0.6, 95% CI: 0.36-0.99, p= 0.045). After
multivariate Cox regression adjustment, receiving > 6 cycles of first-line therapy remained significantly associated with
improved OS (HR = 0.48, 95% CI: 0.31-0.73, p=0.001), as did receiving > 6 cycles of second-line therapy (HR =0.41, 95%
CI: 0.25-0.68, p=0.001). Conversely, baseline CA19-9 > 35 U/mL was identified as an independent unfavorable prognostic
factor for OS (HR =2.49, 95% CI: 1.40-4.42, p=0.002).

Efficacy of Two Reverse Sequential Treatments

No significant differences were observed in median OS, PFS1, PFS2 or tPFS between the two reverse sequential
treatment groups-F(S)FX,,-AG and AG-F(S)FX,,. The median OS was 14.6 (95% CI: 12.10-18.80) for F(S)FX,,-AG
versus 12.2 (95% CI: 10.30-18.20) months for AG-F(S)FX,, (HR: 1.04, 95% CI: 0.69-1.57; P = 0.86), respectively
(Figure 1A). The median PFS1 was 5.20 (95% CI: 4.03—7.97) versus 4.83 (95% CI: 4.20—6.57) months (HR: 0.81,95%
CI: 0.54-1.21; P = 0.83; Figure 1B). The median PFS2 was 4.53 (95% CI: 3.93-7.00) months versus 5.77 (95% CI:
4.83-10.00) months (HR: 1.15, 95% CI: 0.71-1.88, P = 0.60; Figure 1C). The median tPFS was 13.80 (95% CI:
9.47-15.90) months versus 12.80 (95% CI: 9.83-16.30) months (HR: 0.90, 95% CI: 0.55-1.48; P = 0.67; Figure 1D).
Overall survival rates at 12, 24, and 36 months were similar between the two groups. For F(S)FX,,-AG versus
AG-F(S)FX,,, the OS rates at 12, 24 and 36 months were 62.07%, 19.62%, 7.13% versus 52%, 20.35%, 9.89%,
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Treatment AG-F(S)FX == F(S)FX -AG Treatment AG-F(S)FX, + F(S)FX -AG

A AG-F(S)FX, 12.20 months (10.30-18.20) B

AG-F(S)FX_ 4.83 months (4.20-6.57)
F(S)FX_-AG 14.60 months (12.10-18.80)

F(S)FX -AG 5.20 months (4.03-7.97)
100% 1 HR: 1.04 (0.69-1.57) 100% { = HR: 0.81 (0.54-1.21)
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Treatment AG-F(S)FX == F(S)FX -AG Treatment AG-F(S)FX == F(S)FX -AG

C AG-F(S)FX, 5.77 months (4.83-10.00) D AG-F(S)FX_ 12.80 months (9.83-16.3)
o 1 F(S)FX -AG 4.53 months (3.93-7.00) " F(S)FX_-AG 13.80 months (9.47-15.9)
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Number at risk Months Number at risk Months

49 19 5 1 1 1 1 1 0
F(SFX,-AG58 19 7 3 1 0 0 0 0

49 4218 101 1 1 1 1 1 0
F(S)FX -AG58 50 27 14 6 2 0 0 0 0 O

Figure | The overall survival (A) and progression free survival (B—D) between F(S)FX,,-AG and AG-F(S)FX,,,; HR, hazard ratio; AG-F(S)FX,,, AG (albumin-bound-paclitaxel

plus gemcitabine) followed by FOLFIRINOX (fluorouracil, leucovorin, irinotecan, oxaliplatin) or SOXIRI (S-1, oxaliplatin, irinotecan); F(S)FX,-AG, FOLFIRINOX or SOXIRI
followed by AG; OS, overall survival; PFS, progression-free survival.

respectively (Table 2), the PFS rates of first-line treatment at 6 and 12 months were 45.80%, 11.1% versus 39.7%, 10.7%,
respectively (Table 2), the PFS rates of second-line treatment at 6, 12 and 24 months were 41.8%, 11.20%, 11.20 versus
47.92%, 11.94%, 5.97%, respectively (Table 2). The total PFS rates at 6, 12 and 24 months were 87.30%, 58.20%, 13.3%

Table 2 OS and PFS of F(S)FX,,-AG and AG-F(S)FX,,

Efficacy Variable AG-F(S)FX,,, (n=49) | F(S)FX,,-AG(n=58) | p value
oS
Median OS - months (95% Cl) 12.20(10.30-18.20) 14.60(12.10-18.80) 0.860
Survival rate - % (95% ClI)
12 months 52.00(39.57-68.3) 62.07(50.76-75.90)
24 months 20.35(11.16-37.10) 19.62(11.57-33.30)
36 months 9.89(3.31-29.5) 7.13(2.78-18.30)
(Continued)
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Table 2 (Continued).

Efficacy Variable AG-F(S)FX,, (n=49) | F(S)FX,,-AG(n=58) | p value
PFSI

Median PFSI - months (95% Cl) | 4.83(4.20-6.57) 5.20(4.03-7.97) 0.300
Rate of PFSI - % (95% Cl)

6 months 39.70(27.74-56.90) 45.80(34.55-60.80)

12 months 10.70(4.38-26.00) 11.10(5.18-23.30)

PFS2

Median PFS2 - months (95% Cl) | 5.77(4.83-10.00) 4.53(3.93-7.00) 0.560
Rate of PFS2 - % (95% Cl)

6 months 47.92(34.06—67.40) 41.80(29.68-59.00)

12 months 11.94(3.51-40.6) 11.20(4.51-27.60)

24 months 5.97(0.9-37.9) 11.20(4.51-27.60)

tPFS

Median tPFS - months (95% Cl) | 12.80(9.83-16.30) 13.80(9.47-15.90) 0.670
Rate of tPFS - % (95% Cl)

6 months 89.38(80.98-98.60) 87.30(78.93-96.60)

12 months 54.07(39.95-73.20) 58.20(45.82-73.80)

24 months 7.08(1.27-39.30) 13.30(5.67-31.10)

Table 3 Response of F(S)FX,,-AG and AG-F(S)FX,,

Response First Line Treatment Second Line Treatment

AG-F(S)FX,,, F(S)FX,,-AG pvalue | AG-F(S)FX,, | F(S)FX.,-AG | pvalue
(n=49) (n-58) (n=49) (n-58)

Best Response [n (%)] 0.297 0.130

CR 0 0 0 0

PR 15 (30.6) 15 (25.9) 5(10.2) I (1.7)

SD 24 (49.0) 22 (37.9) 21 (42.9) 23 (39.7)

PD 10 (20.4) 20 (34.5) 9 (184) 19 (32.8)

Unknow 0 (0.0 I (1.7) 14 (28.6) 15 (25.9)

Objective response rate [n (%)] 16 (32.7) 15 (25.9) 0.577 5(10.2) I (1.7) 0.139

Disease control rate [n (%)] 39 (79.6) 37 (63.8) 0.114 26 (53.1) 24 (41.4) 0.311

versus 89.38%, 54.07%, 7.08%, respectively (Table 2). Overall, these results indicated that both sequences of therapy
based on AG and F(S)FX regimens offer comparable efficacy in terms of OS and PFS.

We also compared the response rate between the groups. For first-line therapy, the ORR was 25.9% for F(S)FX,,-AG
and 32.7% for AG-F(S)FX,, (p = 0.577), while the DCR was 63.8% versus 79.6% (p = 0.114). For second-line treatment,
the ORR for F(S)FX,,-AG versus AG-F(S)FX,,, was 1.7% versus 10.2% (p = 0.139), and the DCR was 41.4% versus
53.1% (p = 0.311) (Table 3). The waterfall plots illustrated individual tumor size changes, showing the most favorable
response were distributed similarly across the two strategies (Figure 2). In summary, the response rates did not differ
significantly between AG and F(S)FX,, treatment sequences.

Subgroup Analysis

Subgroup analyses were conducted to find the potential baseline factors that predict the OS and PFS. Results are displayed in
forest plots. For patients with history of biliary drainage (HR = 0.10, 95% CI: 0.01-0.96, P = 0.05), albumin smaller than 40
(HR =0.16, 95% CI: 0.04-0.68, P = 0.01), DBIL larger than 7 (HR = 0.25, 95% CI: 0.07-0.91, P = 0.04), AST larger than 40
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Figure 2 The best efficacy evaluation. The Waterfall plots of the best efficacy evaluation in the first-line treatment of AG-F(S)FX,, group (A), and in first-line treatment of
F(S)FX-AG group (B). The Waterfall plots of the best efficacy evaluation of AG-F(S)FX,, group (C), and F(S)FX,-AG group (D) in second-line treatment. *Patients who
developed new metastatic sites even though the total diameter did not change by more than 20% during treatment.

(HR =0.34, 95% CI: 0.12-0.96, P = 0.04) and first-line treatment course smaller than 6 (HR = 0.56, 95% CI: 0.32-0.98, P =
0.04), F(S)FX,,-AG appeared to provide a greater overall survival advantage compared to AG-F(S)FX,,, (Figure S1). For other
subgroups, OS outcomes were comparable between the two regimens. In patients without distant lymph nodes metastases,
F(S)FX,,,-AG may provide a greater PFS1 benefit compared to AG-F(S)FX,,, (HR = 0.55, 95% CI: 0.33-0.91, P = 0.02)
(Figure S2). No significant differences were observed between groups in PFS2 and tPFS across subgroups (Figure S3, S4).

Treatment Toxicity Analysis
We conducted a comprehensive comparison of treatment-related toxicities between the two groups, as shown in Tables 4 and 5.

Hematological Toxicity

In the analysis of first-line treatment, patients in the AG-F(S)FX,, group exhibited a notably higher rate of leukopenia of
any grade compared to those in F(S)FX,-AG group (67.3% versus 43.1%, p = 0.021). However, no significant
differences were observed between the two groups in terms of neutropenia, thrombocytopenia, and anemia. Similarly,
the incidence of grade III/IV hematologic toxicities during first-line therapy showed no statistically significant variations.
For second-line treatment, no significant differences were observed in any grade or grade III/IV hematological toxicities
between the F(S)FX,,,-AG and AG-F(S)FX,, groups.
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Table 4 Adverse Events of First-Line Treatment of AG-F(S)FX,, and F(S)FX,,-AG

First Line Treatment

Toxicity (%) Any Grade Grade III/IV
AG-F(S)FX,, | F(S)FX,,-AG | p value | AG-F(S)FX,, | F(S)FX,,-AG | p value
Haematological toxicity
Leukopaenia 33 (67.3) 25 (43.1) 0.021* 5(10.2) 2 (34) 0.310
Neutropaenia 32 (65.3) 30 (51.7) 0.222 9 (184) 8 (13.8) 0.704
Thrombopaenia 36 (73.5) 46 (79.3) 0.63 29 (59.2) 36 (62.1) 0916
Anaemia 39 (79.6) 47 (81.0) | 32 (65.3) 41 (70.7) 0.698
Hepatotoxicity
Total bilirubin (TBIL) 22 (44.9) 27 (46.6) I 22 (44.9) 27 (46.6) 1.000
Direct bilirubin (DBIL) 49 (100.0) 56 (96.6) 0.551 44 (89.8) 45 (77.6) 0.155
Indirect bilirubin (IBIL) 38 (77.6) 46 (79.3) | 38 (77.6) 43 (74.1) 0.854
Aspartate aminotransferase | 47 (95.9) 56 (96.6) | 40 (81.6) 50 (86.2) 0.704
Alanine aminotransferase 48 (98.0) 56 (96.6) | 48 (98.0) 56 (96.6) 1.000
Nephrotoxicity
Serum creatinine 48 (98.0) 54 (93.1) 0.468 48 (98.0) 54 (93.1) 0.468
Gastrointestinal toxicity
Diarrhea 0 (0.0 I'1(19.0) 0.004*
Vomiting 3 (6.1) 17 (29.3) 0.005*
Other toxicity
Fatigue 3 (6.1) 21 (36.2) <0.001*
Sensory neuropathy 2 (4.1) 13 (224) 0.015%
Notes: *Significantly different.
Table 5 Adverse Events of second-Line Treatment of AG-F(S)FX,, and F(S)FX,,-AG
Second Line Treatment
Toxicity (%) Anygrade Grade III/IV
AG-F(S)FX,,, | F(S)FX,,-AG | p value | AG-F(S)FX,,, | F(S)FX,,-AG | p value
Haematological toxicity
Leukopaenia 26 (53.1) 35 (60.3) 0.574 4 (8.2) Il (19.0) 0.185
Neutropaenia 23 (46.9) 35 (60.3) 0.233 6 (12.2) 13 (22.4) 0.264
Thrombopaenia 35(71.4) 47 (81.0) 0.347 30 (61.2) 38 (65.5) 0.796
Anaemia 43 (87.8) 42 (72.4) 0.086 28 (57.1) 32 (55.2) 0.993
Hepatotoxicity
Total bilirubin (TBIL) 28 (57.1) 37 (63.8) 0.615 28 (57.1) 36 (62.1) 0.749
Direct bilirubin (DBIL) 46 (93.9) 56 (96.6) 0.847 38 (77.6) 47 (81.0) 0.838
Indirect bilirubin (IBIL) 37 (75.5) 49 (84.5) 0.358 36 (73.5) 49 (84.5) 0.244
Aspartate aminotransferase | 44 (89.8) 58 (100.0) 0.042* 34 (69.4) 52 (89.7) 0.017*
Alanine aminotransferase 48 (98.0) 57 (98.3) | 48 (98.0) 57 (98.3) 1.000
Nephrotoxicity
Serum creatinine 48 (98.0) 57 (98.3) [ 47 (95.9) 54 (93.1) 0.835
Gastrointestinal toxicity
Diarrhea 5(10.2) 3(5.2) 0.465
Vomiting 6 (122) 3(52) 0.296
Other toxicity
Fatigue 4 (8.2) 8(13.8) 0.54
Sensory neuropathy 5(10.2) 8 (13.8) 0.768

Notes: *Significantly different.
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Hepatotoxicity

During first-line treatment, the incidence of any grade or grade III/IV hepatotoxicity, as measured by bilirubin levels and
liver transaminases, was comparable between the two groups. In second-line treatment, hepatotoxicity rates remained
largely similar, with the exception of AST elevation. The F(S)FX,,,-AG group had a significantly higher incidence of both
any-grade AST elevation (100% versus 89.8%, p = 0.042) and grade III/IV AST (89.7% versus 69.4%, p = 0.017) than
AG-F(S)FX,, group.

Nephrotoxicity
No significant differences in nephrotoxicity, as measured by serum creatinine levels (SCR), were observed between the
AG-F(S)FX,, and F(S)FX,,,-AG groups in either first-line or second-line treatment, regardless of toxicity grade.

Gastrointestinal Toxicity

In the first-line setting, gastrointestinal adverse events were significantly more frequent in the F(S)FX,,-AG group.
Specifically, diarrhea (19% versus 0%, p = 0.004) and vomiting (29.3% versus 6.1%, p = 0.005) occurred more common
in this group. During second-line therapy, the incidence of gastrointestinal toxicities was similar between the two groups,
with no statistically significant differences.

Other Toxicity

Fatigue and sensory neuropathy were significantly more prevalent in the F(S)FX,,-AG group during first-line treatment
(36.2% versus 6.1%, p < 0.001; 22.4% versus 4.1%, p = 0.015, respectively). However, fatigue and sensory neuropathy
were not significantly different between the two groups during second-line therapy.

These findings demonstrated that certain hematological toxicities are more pronounced in the AG-F(S)FX,, group
during first-line treatment. In contrast, the F(S)FX,,-AG group showed a higher incidence of gastrointestinal toxicities,
fatigue and sensory neuropathy in the same setting. In the second-line setting, the toxicity profiles between the two
regimens were generally comparable, with fewer significant differences.

Discussion

Previous studies have shown convincing results regarding AG and FFX as first- or second-line therapies in aPC.
However, limited study has explored the superior sequencing of these two regimens. The SOXIRI regimen, comprising
the oral fluoropyrimidine anti-cancer agent-S-1, oxaliplatin and irinotecan, is commonly used in Asian countries as an
alternative to FFX or mFFX. Furthermore, previous studies, including a clinical trial conducted by our team in China,
have indicated that SOXIRI offers comparable effectiveness and tolerability to FFX.'*™'® Therefore, the current study
compared the effectiveness and safety of two reverse sequence regimens, AG-F(S)FX,, and F(S)FX,,-AG, in patients
with aPC. Given the limited therapeutic options available, understanding the nuances of these two sequential strategies is
crucial. This study provides a comprehensive comparison based on both clinical outcomes and toxicity profiles.

No significant survival benefit was observed between the two treatment sequences, consistent with findings from two
other retrospective studies, which also reported equivalent OS outcomes for sequential FOLFIRINOX (FFX) and AG
treatment.'>** Several retrospective studies have demonstrated that using second-line AG following FFX, or starting with
first-line AG followed by FFX, results in comparable OS.>' ® Unlike previous studies, our analysis not only evaluated
OS but also provided a more detailed assessment of disease progression and treatment-related toxicities. Additionally, we
combined FFX and SOXIRI into a single category based on their similar components, efficacy, and toxicity. In clinical
practice, the choice between FFX,, and SOXIRI is typically guided by doctors, and also by the patient’s performance
status and preference, which may lead to slight differences in their usage proportions. Although the proportion of patients
receiving SOXIRI versus FFX,, differed between the two treatment groups, additional analyses (data shown in Fig. S5)
suggested that this variation did not significantly affect the overall findings. More importantly, our previously published
study demonstrated that SOXIRI and modified FOLFIRINOX (FFX,,) achieved comparable efficacy.'® Therefore, we
believe that the different ratios of SOXIRI to FFX,,, between the two groups in this study likely had a minimal impact on
the accuracy of the results.
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While only one prior study suggested a trend favoring initial FFX over nab-p/gem in French population (in matched
population, OS: 19 vs 9.5 months, P = 0.094; whole study population, OS: 21 versus 11 months, P = 0.11).>’ Specifically,
in Chinese clinical practice, modified FOLFIRINOX at lower doses is more commonly used due to better tolerability,
while the AG regimen administration frequency also differs between the two studies. Additionally, our study involved
a larger sample size and was conducted at a single, well-recognized center with strict and homogeneous clinical
management, whereas the French study was a smaller, retrospective, multicenter analysis. These differences, along
with variations in ethnicity, geographic location, treatment intensity, and supportive care strategies, as well as differences
in study design and sample size, may contribute to the observed discrepancies. Nevertheless, considering that our results
also showed a numerically longer survival (OS 14.6 versus 12.2 months) in the F(S)FX,,-~AG group compared to in the
AG-F(S)FX,, group, even though the difference was not statistically significant, we still recommend prioritizing
F(S)FX,, followed by AG in patients with good performance status.

In our study, 28.6% of patients in the AG-F(S)FX,, group and 25.9% in the F(S)FX,,-AG group did not
undergo second-line efficacy assessment, potentially introducing bias in the PFS2 evaluation. However, since the
proportions were comparable between the two groups, this potential bias is likely minimized in the direct comparison
of treatment sequences. Despite these findings, prospective evidence remains limited, and further studies are needed to
determine the optimal treatment sequence. Carrato A%® reported that sequential albumin-bound-P/G-mFOLFOX notably
improved 12-month survival but increased treatment toxicity. Conversely, Rinaldi Y*° found that alternating gemcitabine
plus nab-P with FOLFIRI.3 was both effective and tolerable. Nevertheless, prospective data on the use of FFX followed
by AG are lacking, highlighting the need for future large-scale prospective trials to establish the most effective
sequencing strategy.

Moreover, although no significant differences were observed in overall survival (OS) or progression-free survival
(PFS) between the two sequential treatments, we also conducted subgroup analyses based on baseline characteristics to
determine the potential benefit subgroup for any of regimens. The result showed that patients who received fewer than six
cycles of first-line therapy were more likely to benefit from F(S)FX,,-AG compared to AG-F(S)FX,,. However, the
difference in treatment cycles between the two groups may have influenced PFS1 outcomes, as multivariate analysis
identified the number of cycles as an independent prognostic factor. Further analysis showed that patients with a history
of biliary drainage, albumin smaller than 40 g/L, DBIL larger than 7 umol/L and AST larger than 40 U/L were more
likely to benefit more from F(S)FX,,-AG than AG-F(S)FX,,. Several factors may explain these findings. Low albumin
typically reflects poor nutritional status or systemic inflammation, whereas elevated DBIL and AST indicate biliary
obstruction or liver dysfunction. Starting with the more intensive triplet regimen (F(S)FX,,) may result in more effective
early tumor debulking, potentially improving outcomes in patients with compromised liver function. Additionally, biliary
obstruction or liver dysfunction can impair the metabolism and excretion of gemcitabine and albumin-bound-paclitaxel,
resulting in impaired bioactivation of a prodrug and leading to reduced effectiveness and increased toxicity.***' This may
result in treatment interruptions or reduced patient tolerance, ultimately compromising therapeutic efficacy. Furthermore,
albumin-bound-paclitaxel is a formulation of paclitaxel bound to human serum albumin, forming nanoparticles that enter
the tumor microenvironment via gp60-mediated endothelial transcytosis, and is primarily metabolized by enzymes such
as CYP2C8 and CYP3A4.** Low albumin levels may impair the transport and metabolism of albumin-bound paclitaxel,
thereby reducing its antitumor efficacy. Importantly, patients with low albumin may tolerate F(S)FX,,-AG better when
given earlier, before further deterioration in performance status. This may partly explain the inferior outcomes observed
in the AG-F(S)FX,, sequence among these subgroups. In contrast, patients with grade II tumors appeared to derive
greater PFS benefit from the AG-F(S)FX,, sequence compared to F(S)FX,,-AG. These results may inform clinical
decision-making to some extent. However, the relatively small sample sizes in certain subgroups and the wide confidence
intervals for some hazard ratios limit the statistical power and robustness of these findings. Thus, these exploratory
results should be interpreted with caution, and validation in larger, prospective studies is warranted.

We further assessed the toxicity profiles for both sequential treatments, focusing on hematological toxicity, hepato-
toxicity, nephrotoxicity, gastrointestinal toxicity, and other adverse effects. Previous studies have shown that AG, FFX
and SOXIRI differ in their toxicity profiles despite similar efficacy. Consistent with previous reports,’*:!1:13:14:1633737 oy
study also found notable differences in toxicity between the AG-F(S)FX,, and F(S)FX,,-AG. Specifically, patients
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receiving AG as first-line treatment experienced higher incidences of leukopenia and neutropenia, whereas those who
received F(S)FX,, first were more likely to suffer from gastrointestinal toxicities and sensory neuropathy. These
differences may be attributed to variations in drug sequencing, pharmacokinetics, cumulative toxicity, and the toxicity
spectrum of each regimen. F(S)FX,,, being more dose-intensive and comprising multiple cytotoxic agents (oxaliplatin,
irinotecan, and fluorouracil), is more likely to induce gastrointestinal and neurologic toxicities. In contrast, AG tends to
result in myelosuppression but is generally better tolerated in terms of non-hematologic side effects. The elevation of
AST observed during second-line treatment in the F(S)FX,,-AG group may be attributed to cumulative hepatic toxicity
from prior chemotherapy, particularly considering the known hepatotoxic profiles of agents like oxaliplatin and
irinotecan. Additionally, tumor progression or the presence of liver metastases in some patients may have further
contributed to the increased AST levels. These side effects can severely impact patients’ quality of life and are critical
considerations in treatment selection. Clinicians should carefully weigh efficacy against toxicity, patient comorbidities,
and individual tolerance. For example, initiating treatment with AG may be more appropriate for frail patients or those
with preexisting neuropathy, given its lower neurotoxicity risk. Conversely, for patients at high risk for hematologic
complications or infections, first-line F(S)FX,, may be more favorable. Ultimately, understanding the distinct toxicity
patterns of each regimen is essential for guiding personalized treatment strategies that balance therapeutic efficacy with
safety, thereby optimizing patient outcomes.

Nevertheless, several limitations of this study should be acknowledged. First, it was a retrospective analysis
conducted at a single institution, which may introduce selection bias. Additionally, the relatively small sample size
limits the statistical power and generalizability of the findings. Therefore, larger, multicenter prospective studies are
warranted to validate these results. Future research should aim to refine treatment protocols by incorporating predictive
biomarkers for response and toxicity, thereby enabling more personalized therapy in advanced pancreatic cancer (aPC).
Furthermore, investigating the integration of novel agents, including targeted therapies or immunotherapies, may offer
additional opportunities to improve patient outcomes.

Conclusion

This study reveals that both AG-F(S)FX,, and F(S)FX,,-AG sequential regimens exhibit similar therapeutic efficacy in
advanced pancreatic cancer (aPC) management. Clinical decision-making should prioritize individualized treatment
strategies based on comprehensive toxicity assessments and patient-specific clinical characteristics. Future investigations
should focus on protocol optimization and the development of personalized therapeutic approaches to enhance clinical

outcomes in aPC patients.
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