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Comparison of second-line chemotherapy
regimens in advanced biliary tract cancer:
a systematic review, meta-analysis, and
population-based cohort study
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further prospective validation and patient selection refinement.
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Background: Biliary tract cancers (BTCs) are aggressive malignancies with limited treatment options, especially after first-line
chemotherapy failure. FOLFIRINOX, though established for pancreatic cancer, has shown promise in advanced BTC, yet its role as
a second-line treatment remains unclear. To address this gap, we conducted a retrospective cohort study to evaluate the efficacy
and safety of FOLFIRINOX and performed a systematic review with meta-analysis to compare its outcomes with currently
recommended regimens, including FOLFIRI, FOLFOX, and nal-IRI/FL.

Methods: We retrospectively analyzed 54 patients with BTC treated with FOLFIRINOX as second-line therapy after progression
on first-line chemotherapy at a single tertiary hospital between 2011 and 2022. A systematic review and meta-analysis, registered
with PROSPERO, incorporated 21 studies comparing second-line regimens for BTC, assessing progression-free survival (PFS),
overall survival (OS), objective response rate (ORR), disease control rate (DCR), and safety.

Results: In our cohort, median PFS and OS were 2 - 7 and 8 - 9 months, respectively. ORR was 12 - 5%, and DCR was 52 - 1%,
with 4 - 2% achieving complete response. Meta-analysis revealed pooled PFS and OS for FOLFIRINOX at 4 - 15 and 8 - 91 months,
respectively, suggesting a potential benefit over FOLFIRI and FOLFOX. Grade 3-5 neutropenia occurred in 40 - 7% of patients,
leading to dose reductions in 29.6% but low discontinuation rates (3 - 7%).

Conclusion: FOLFIRINOX demonstrates numerically favorable outcomes compared to current second-line regimens for
advanced BTC, with manageable toxicities. These findings suggest FOLFIRINOX as a potential second-line option, warranting
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Introduction

Biliary tract cancers (BTCs), including intrahepatic, perihilar, or
extrahepatic cholangiocarcinoma, and gallbladder carcinoma,
are aggressive malignancies that pose significant challenges in
diagnosis and treatment. Surgical resection is the only curative
treatment option for BTC; however, fewer than a quarter of
patients are diagnosed at the localized stage and are eligible for
surgery!'3l, For patients with unresectable or metastatic BTC,
systemic chemotherapy is crucial®!. Currently, durvalumab or
pembrolizumab plus gemcitabine and cisplatin are preferred as
first-line chemotherapies!®!. However, both regimens offer lim-
ited overall survival (OS; <1 year) and progression-free survival
(PFS; <8 months)!®”l. Most patients require subsequent che-
motherapy after disease progression, yet no regimen has been
strongly recommended for subsequent therapy!!.

The FOLFOX regimen has been investigated as second-line
chemotherapy in advanced BTC. However, this regimen only
extended OS by approximately 1 month compared to supportive
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carel®l.  Second-line FOLFIRI has also been evaluated.

Retrospective studies reported a median OS of 5 - 0-6 - 6 months,
not inferior to FOLFOX (6 - 2 months), but PFS with FOLFIRI was
(1 - 7-2 - 4 months) shorter than FOLFOX (4 - 0 months)™*'°l. The
NIFTY study revealed that liposomal irinotecan plus fluorouracil
(nal-IRI/FL) could improve PES in patients with advanced BTC
previously treated with gemcitabine plus cisplatin, compared to
fluorouracil and leucovorin, although the benefit was modest
(<4 months).

The FOLFIRINOX regimen, initially proven to improve survival
in pancreatic cancer compared to gemcitabine, is now being
explored for efficacy in BTC. A recent phase II study proposed
FOLFIRINOX as an effective alternative to FOLFOX or FOLFIRI
as second-line chemotherapy, with median PFS and OS of 6 - 2 and
10 - 7 months, respectively!'®!. Another phase II study with mod-
ified FOLFIRINOX in Korea showed median PFS and OS of 2 - 8
and 6 - 2 months, respectively, suggesting modest effectiveness!'!,

The optimal regimen for second-line treatment of advanced BTC
remains uncertain. To help address this gap, we first evaluated the
efficacy and safety of FOLFIRINOX in patients with advanced
BTC who had progressed following first-line chemotherapy, using
data from a 12-year retrospective analysis at a single tertiary center.
These real-world findings were subsequently compared with out-
comes from a systematic review and meta-analysis of published
studies on currently recommended second-line treatment regimens.

This study complies with the TITAN 2025 (Transparency In
The reporting of Artificial INtelligence) guidelines to ensure
responsible and transparent use of Al tools during the data
extraction and analysis process!**.,

Materials and methods

Cohort of patients with advanced BTC
Patients

From January 2011 to December 2022, a total of 1308 patients
diagnosed with BTC underwent chemotherapy at a single tertiary
center in Korea. Among them, 54 patients with histologically or
cytologically confirmed advanced, unresectable, or metastatic
BTC who received FOLFIRINOX or modified FOLFIRINOX
as second-line chemotherapy after progression on first-line treat-
ment were identified and included in this retrospective cohort
study. Inclusion criteria were applied consistently to minimize
selection bias and are summarized in Supplementary Digital
Content Table S1, available at: http:/links.lww.com/JS9/F13.
No additional exclusion criteria were applied beyond this defini-
tion. The median follow-up period was 20.3 months.

Statistical analysis

To determine the efficacy of FOLFIRINOX, Kaplan—Meier esti-
mation was performed to analyze median PFS and OS. PFS was
defined as the time from the first day of FOLFIRINOX or
modified FOLFIRINOX (mFOLFIRINOX) administration to
the date of disease progression. OS was defined as the time
from the first day of treatment to the date of death or last
follow-up. For patients who were lost to follow-up without
a confirmed outcome event, the date of their last follow-up
was used as the censoring time point in the Kaplan—-Meier survi-
val analysis. No exclusion criteria were applied for outliers, and
all eligible patients were included in the analysis. Continuous
variables were summarized as means with standard deviations
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HIGHLIGHTS

e Real-world data from a 12-year institutional cohort
showed FOLFIRINOX achieved a median OS of
8.9 months and PFS of 2.7 months in patients with
advanced BTC.

e Meta-analysis showed FOLFIRINOX was associated
with numerically favorable or comparable survival out-
comes to recommended regimens such as FOLFOX,
FOLFIRI, and nal-IRT/FL.

o Findings support the potential of FOLFIRINOX as an
effective second-line therapy for BTC, warranting further
prospective trials and biomarker-based patient selection.

or medians with interquartile ranges, depending on their distri-
bution. Categorical variables were reported as counts and per-
centages. In addition to Kaplan-Meier estimates for PFS and OS,
descriptive statistics were used to summarize objective response
rate (ORR), disease control rate (DCR), and safety outcomes.
All analyses were conducted using SPSS version 26.0 (PASW
Statistics Inc., Chicago, IL, USA), and a P-value of less than
0.05 was considered statistically significant.

Systematic review and meta-analysis
Protocol and registration

The study protocol was registered with PROSPERO and followed
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) and Assessing the Methodological Quality of
Systematic Reviews (AMSTAR) guidelines!">~"7],

Eligibility criteria

Inclusion criteria were based on the predefined Population,
Intervention, Comparator, Outcome, Study Design, and Time
(PICOST) framework (Table 1). The primary objective was to
assess the outcomes of nal-IRI/FL, FOLFIRINOX, FOLFIRI, and
FOLFOX as second-line therapies in adults with advanced, unre-
sectable, or metastatic BTC who had previously received first-line
treatment. Eligible studies included randomized controlled trials
(RCTs), single-arm trials, and non-randomized studies reporting
efficacy and safety outcomes for the specified regimens. Efficacy
outcomes included median PFS, median OS, ORR, and DCR. ORR
was defined as the sum of complete and partial responses, while
DCR included complete response (CR), partial response (PR), and
stable disease (SD). Safety outcomes included any-cause and treat-
ment-related adverse events (AEs), serious (grade 3-5) AEs, treat-
ment discontinuation due to AEs, and deaths attributed to AEs.
Exclusion criteria included: (1) studies involving patients with
other cancers (e.g., hepatocellular carcinoma or pancreatic can-
cer) or molecularly selected populations (e.g., HER2-positive
only); (2) studies that did not evaluate the regimens of interest;
(3) animal or in vitro studies, case reports, case series, editorials,
commentaries, letters, reviews, and meta-analyses; and (4) stu-
dies focusing solely on genetic biomarkers or cost-effectiveness.
No restrictions were placed on language or publication year.

Information source and search strategy

A comprehensive search was conducted for studies published
through 4 December 2024. Databases included Medline,
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PICOST eligibility criteria for the systematic review and meta-analysis

Criteria Inclusion criteria Exclusion criteria
Population Adults (=18 years) with advanced (unresectable and/or metastatic) biliary tract cancer, including e Patients with other types of cancer (e.g.,
intrahepatic or extrahepatic cholangiocarcinoma and gallbladder cancer hepatocellular carcinoma, pancreatic cancer)
e Previously treated for first-line therapy e Individuals with specific conditions (e.g., HER2-
positive only populations)
Interventions/ e Nal-IRI/FL (nanoliposomal irinotecan + 5-FU + leucovorin) e Monotherapy (e.g., irinotecan monotherapy, 5-FU
comparators e FOLFIRINOX (irinotecan + 5-FU + leucovorin + oxaliplatin) monotherapy)
e FOLFIRI (irinotecan + 5-FU + leucovorin) e QOther regimens (e.g., immune checkpoint
e FOLFOX (5-FU + leucovorin + oxaliplatin) inhibitors)
e Including modified versions e Mixed regimens (e.g., FOLFIRI + nivolumab,
gFOLFOXIRITAX)
Outcomes Efficacy outcomes NA
e Median progression-free survival
e Median overall survival
e Objective response rate (complete response and partial response)
e Disease control rate
e Safety outcomes:
e Any-cause and treatment-related overall adverse events
e Any-cause and treatment-related serious (grade 3-5) adverse events
e Discontinuation due to adverse events
e Deaths due to adverse events
Study design e Randomized controlled trials e Animal or in vitro studies
e Single-arm trials e (Case reports or case series
e Nonrandomized trials o Editorials, commentaries, letters, reviews, or
meta-analyses
e Genetic studies (molecular, biomarkers,
phenotypes)
o (ost-effectiveness studies
Time No restriction NA
Language No restriction NA

NA, not applicable.

Embase, Scopus, Web of Science, ClinicalTrials.gov, Cochrane
CENTRAL, and the International Clinical Trials Registry
Platform (ICTRP). Additional sources included grey literature
via Google and Google Scholar, and manual reference checks.
MeSH and entry terms related to BTC and relevant regimens
were prioritized, with supplemental terms added to ensure
a comprehensive search. Final search strategies were developed
collaboratively by all authors (Supplementary Digital Content
Table S2, available at: http://links.lww.com/JS9/F13).

Study selection

Initial data extraction and review were conducted by the corre-
sponding authors. Title, abstract, and full-text screening were
independently performed by the first authors using the prede-
fined PICOST criteria. Reference lists and grey literature were
also reviewed. Discrepancies were resolved through discussion
among the authors.

Effect measures and data synthesis

Overall survival and progression-free survival. OS was
defined as the time from the first dose to death from any cause,
and PFS as the time from the first dose to either disease progres-
sion or death. Individual patient-level data were reconstructed
from Kaplan—-Meier curves using the Guyot algorithm and
WebPlotDigitizer (https://automeris.io/), and the curves were
pooled™®!, Reconstructed pseudo-individual patient-level data

for each trial arm were used to generate pooled survival curves,
facilitating time-dependent survival modeling despite the lack of
raw patient data. Survival probabilities at each time point were
arcsine transformed and analyzed using a random-effects meta-
analysis, following the method of Combescure et al'’l.
Confidence intervals (CIs) were calculated using Monte Carlo’s
method?®!. Pooled median survival times and Cls were esti-
mated from the summary survival curve using linear interpola-
tion. Survival curve pooling was conducted using the metasurv
package in R (version 4.2.2).

In parallel, we also performed a separate meta-analysis using
the generic inverse variance method for studies that reported only
summary statistics, such as median survival times with corre-
sponding Cls, in the absence of Kaplan-Meier curves®!l. These
two approaches were not mathematically combined but analyzed
and interpreted separately, providing complementary perspec-
tives depending on the level of data availability. Pooled hazard
ratios were not calculated, as most included studies did not report
hazard ratios or their standard errors, precluding reconstruction.

Heterogeneity was assessed using the I? statistic?%3,
A random-effects model was applied when heterogeneity
exceeded 50% (I> > 50%), and a fixed-effects model was used
otherwise!**?%1, Forest plots were generated using R (version
4.2.2), incorporating data from the present cohort study.

Additional details on materials and methods are available in
the Supplementary Digital Content Materials and Methods,
available at: http:/links.lww.com/JS9/F14.
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Results

Cohort study
Patient demographics

We reviewed the clinical records of all patients who received
chemotherapy for BTC at our institution between 2011 and
2022. A total of 1760 patients with BTC received chemother-
apy. Among them, 54 patients received at least one cycle of
FOLFIRINOX as a second-line regimen. Of these patients, six
patients were lost to follow-up after receiving at least one cycle
of FOLFIRINOX but before the first response evaluation, and
thus their treatment response could not be assessed. As a result,
the initial analysis of the FOLFIRINOX response was conducted
in 48 patients. Of the 48 patients who initiated second-line
FOLFIRINOX, 12 were excluded from the full analysis set,
which included only those who received treatment until the
first scheduled tumor response evaluation. The excluded
patients consisted of four who died prior to scheduled imaging
(due to pneumonia, gallbladder perforation, or septic shock),
one who was referred to hospice care, two who refused treat-
ment, and five who showed incidental findings of disease pro-
gression based on clinical symptoms (e.g., gastrointestinal
bleeding, jaundice, or fever) before formal evaluation (Fig. 1).
These events precluded objective assessment of radiologic
response, but such patients were included in the intention-to-
treat survival analysis, including both PFS and OS. Treatment
response to chemotherapy was assessed every 2 to 3 months
following treatment initiation using imaging modalities such as
computed tomography (CT) or magnetic resonance imaging
(MRI). Assessments were conducted in accordance with the
Response Evaluation Criteria in Solid Tumors (RECIST) version
1.1, a standardized method for evaluating treatment response in
solid tumors®).

Biliary tract cancer patients with chemotherapy
(N =1,760)

Without subsequent line or
other than FOLFIRINOX
(N =1,706)

Patients received 2"-line FOLFIRINOX
(N=54)

Follow up loss (N = 6)
Death before scheduled visit (N = 4)*

*1 Pneumonia, 1 Gallbladder perforation, 2 Septic shock
Referred for hospice care (N = 1)
Treatment refuse (N = 2)

Incidental finding of progression (N = 5)**

**1 Gl Bleeding, 1 Jaundice, 2 Abdominal pain, 1 Fever

Full analysis set
(N=236)

Figure 1. Flow diagram of cohort study.
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Supplementary Digital Content Table S3, available at: http://
links.lww.com/JS9/F13, summarizes the baseline characteristics of
enrolled patients. The mean patient age was 61 - 6 years, and
59 - 3% were male. Among the 54 patients, 14 (26 - 0%) had
extrahepatic cholangiocarcinoma, 11 (20 - 0%) had intrahepatic
cholangiocarcinoma, 7 (13 - 0%) had perihilar cholangiocarci-
noma, and 22 (41 - 0%) had gallbladder cancer. Twenty-four
(44 - 4%) patients underwent curative surgery and experienced
tumor recurrence. As primary chemotherapy, most patients
received gemcitabine-based chemotherapy (gemcitabine monother-
apy in 6 [11 - 1%], gemcitabine + cisplatin in 15 [27 - 8%], and
gemcitabine + cisplatin + Abraxane in 32 [59 - 3%]), except for one
patient who received fluorouracil (5-FU) + cisplatin. As second-line
salvage therapy, 52 patients (96 - 3%) received the FOLFIRINOX
regimen (intravenous administration of irinotecan [180 mg/m?],
oxaliplatin [85 mg/m?], leucovorin [400 mg/m?], and SFU
[2800 mg/m?, including the bolus injection and the 46-h constant
infusion]). Two patients (3 - 7%) received the mFOLFIRINOX
regimen (intravenous administration of irinotecan [120 mg/m?],
oxaliplatin [60 mg/m?], leucovorin [400 mg/m?], and 5-FU
[2800 mg/m?, including the bolus injection and 46-h constant
infusion]). Three patients (5.6%) underwent concurrent
radiotherapy.

Efficacy

With a median follow-up of 20 - 3 months, the mPFS and OS were
2 - 7 months (95% confidence interval [CI], 0 - 9—4 - 5) and
8 - 9 months (95% CI, 6 - 2-11 - 6), respectively (Fig. 2 and
Supplementary Digital Content Table S4, available at: http:/links.
Iww.com/JS9/F13). There was no significant difference in the med-
ian PFS and median OS among cancer types (Supplementary
Digital Content Figure S1, available at: http:/links.lww.com/JS9/
F12). Tumor response was assessed in 48 patients, excluding the
six who were lost to follow-up before the first response evaluation.
The objective response rate (ORR, CR + PR) was 12 - 5%, and the
disease control rate (DCR, CR + PR + SD) was 52 - 1%.
Supplementary Digital Content Figure S2, available at: http:/
links.lww.com/JS9/F12, illustrates the maximal changes in target
lesion size from baseline. Notably, two patients achieved CR after
17 and 12 cycles of FOLFIRINOX and remained disease-free for
14 - 0 and 1 - 9 months without any treatment, respectively
(Table 2 and Supplementary Digital Content Figure S3A, available
at: http:/links.lww.com/JS9/F12). Additionally, more than 25% of
patients were long-term responders who were able to continue
chemotherapy without progression for over 6 months
(Supplementary Digital Content Table S4, available at: http://
links.lww.com/JS9/F13 and Supplementary Digital Content
Figure S3B, available at: http:/links.lww.com/JS9/F12). To ensure
an accurate assessment of tumor response, we defined the full
analysis set as patients who underwent at least one scheduled
response evaluation. Patients who could not complete initial ima-
ging assessments due to rapid clinical deterioration or severe toxi-
cities were excluded from this subset. In this group, the median PFS
was 4 - 2 months and the median OS was 11 - 4 months (Table 2).
The ORR and DCR were 16 - 7 and 63 - 9%, respectively, with
over 38% classified as long-term responders.

Safety

A total of 26 patients (48 - 1%) experienced serious adverse events
of Common Terminology Criteria for Adverse Events(CTCAE)
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Figure 2. Kaplan—-Meier curves for progression-free survival (A) and overall
survival (B) in the cohort study. PFS, progression-free survival; OS, overall
survival; Cl, confidence interval.

Grade 3-5 (Supplementary Digital Content Table S5, available at:
http://links.lww.com/JS9/F13)2”!. In total, 22 patients (40 - 7%)
experienced neutropenia, and 1 (1 - 9%) experienced febrile neu-
tropenia. The next most common were eight anemia events
(14 - 8%) and four thrombocytopenia events (7 -+ 4%). Two
patients (3 - 7%) discontinued chemotherapy owing to che-
motherapy-related side effects, drug-induced negative myoclonus,
and gallbladder perforation. A total of 16 patients (29 - 6%)
required dose reduction owing to treatment-related adverse
events, with 13 (81 - 3%) specifically due to grade 3-5
neutropenia.

Systematic review and meta-analysis

Study selection and general characteristics of included
studies

The initial search yielded records from Embase, Medline,
Scopus, Web of Science, ClinicalTrials.gov, ICTRP, and
CENTRAL. After removing 1032 duplicates, 2241 records
remained for screening. Following title and abstract review,
2042 records were excluded, leaving 198 for full-text review.
Of these, 20 studies met the inclusion criteria. Reasons for
exclusion included review articles, case reports or series, dupli-
cate data, studies on first-line therapies or mixed regimens,
non-eligible diseases or treatments, irrelevant outcomes, and
insufficient data. An additional three records were identified
through reference list searches and gray literature screening,
resulting in one more eligible study. In total, 21 studies were

Clinical outcomes of cohort patients (full analysis set)

Best responses (N = 36)

Complete response (CR) 2(5-6)
Partial response (PR) 4(11-1)
Stable disease (SD) 17 (47 - 2)
Progressive disease (PD) 13(36-1)
Objective response rate (ORR, CR + PR) 6(16-7)
Disease control rate (DCR, CR + PR + SD) 23(63-9)
Treatment cycles 6+9
Progression-free survival (months) 4-2(1-49-6-91)
Ratio of long-term responder (=6 months) 14 (38 - 9)

Overall survival (months) 11-4(8-33-14 - 40)

Full analysis set is defined as patients who have undergone at least one scheduled response
evaluation.
Data are presented as 1 (%) or median (95% confidence interval).

included in the final analysis®*!"=1325-43] The PRISMA flow
diagram illustrating this process is shown in Supplementary
Digital Content Figure S4, available at: http:/links.lww.com/
JS9/F12.

The included studies comprised four RCTs, seven single-arm
trials, and ten cohort studies conducted across 11 countries.
Most RCTs and single-arm trials were open-label. Sample sizes
ranged from 7 to 88 patients, and most studies used gemcitabine
plus platinum as first-line therapy. The median age of partici-
pants ranged from 54 to 66 years. Study characteristics are
summarized in Table 3.

Summary of reported outcomes

Progression-free survival. The pooled PFS curve integrating
the Kaplan—Meier curves for the individual studies is shown in
Figure 3. The mPFS for the FOLFIRINOX treatment group was
estimated at 3 - 34 months (95% CI: 1 - 75—4 - 58) based on three
studies!">"**%, The FOLFIRI group showed an mPFS of
2 - 13 months (95% CI: 1 - 28-3 - 08) derived from four
studies!®>13%#°1 The mPFS for the FOLFOX group was
2 - 97 months (95% CI: 2 - 23-3 - 72), as reported in five
studies!®31-323%411 For the nal-IRI/FL group, the mPES was
2 - 82 months (95% CI: 2 - 01-3 - 90), based on three
studies! 2842,

The pooled PFS, calculated using the generic inverse variance
method without the survival curve, is presented in
Supplementary Digital Content Figure S5, available at: http://
links.Ilww.com/JS9/F12. The mPFS for the FOLFIRINOX group
was calculated at 4 - 60 months (95% CI: 2.60-8.32,
I> = 57 - 7%) from three studies!"*'***]. The FOLFIRI group,
evaluated from five studies, reported an mPFS of 2 - 88 months
(95% CI: 2 - 09-3 - 97, I* = 54 - 6%)1*"**3*] The mPFS for
the FOLFOX group was 3 - 05 months (95% CI: 2 - 17-4 - 28,
I> = 93 - 0%), based on six studies!®*%31-3335411 For the nal-IRI/
FL group, the mPFS was 3 - 46 months (95% CI: 2 - 79-4 - 30,
I* =19 - 7%), as reported in five studies!!2%:36:4243],

Overall survival. The pooled OS curve integrating the Kaplan—
Meier curves for the individual studies is shown in Figure 4. The
mOS for the FOLFIRINOX group was 6 - 17 months (95% CIL:
4 . 34-6 - 95), based on three studies!'>'***. The mOS for the
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Figure 3. Kaplan-Meier estimates of progression-free survival for different second-line regimens (A) FOLFIRINOX, (B) FOLFIRI, (C) FOLFOX, and (D) nal-IRI/FL.
The gray lines represent the Kaplan—Meier estimates of the overall survival for each trial arm. Black squares represent the end of the follow-up for each trial.

FOLFIRI group was 3 - 88 months (95% CI: 2 - 57-5 - 61), as
reported in five studies®™>>**3%%1 The mOS for the FOLFOX
group was 5 - 11 months (95% CI: 3 - 18-5 - 90), based on three
studies!®*"35! For the nal-IRI/FL group, the mOS was
5 - 95 months (95% CI: 3 - 92-7 - 02), based on three
studies! "%+,

The pooled OS using the generic inverse variance method
without the survival curve is presented in Supplementary
Digital Content Figure S6, available at: http:/links.lww.com/
JS9/F12. The mOS for the FOLFIRINOX group was
9 - 13 months (95% CI: 5 - 66-14 - 75, I> = 72 - 8%), based
on three studies!'*'**], The FOLFIRI group showed an mOS of
5-93 months (95% CI: 4 - 45-7 - 91,1> = 71 - 1%), based on five
studies!”31343%40  The mOS for the FOLFOX group was
6 - 26 months (95% CL: 5 - 57-7 - 02, I> = 0%), evaluated
from six studies!®?*-1-33351 For the nal-IRI/FL group, the mOS
was 8 - 41 months (95% CI: 6 - 85-10 - 33, I> = 0%), based on
five studies!'28:36:42:43],

Objective response rate. The forest plot of the pooled ORR for
each regimen is shown in Supplementary Digital Content Figure
S7, available at: http:/links.lww.com/JS9/F12. The ORR for
FOLFIRINOX was 0 - 15 (95% CL: 0 - 07-0 - 24, I* = 0%),
based on three studies!'>'***, The ORR for FOLFIRI was 0 - 03
(95% CI: 0 - 00-0 - 10, I*> = 44%), derived from three
studies!”!**], The ORR for the FOLFOX group was 0 - 10
(95% CI: 0 - 03-0 - 19, I? = 71%), based on seven studies!®3*

33,35371 For the nal-IRI/FL group, the ORR was 0 - 14 (95% CI:
0-08-0-20, I* = 31%), based on four studies!'"->$3¢:42],

Disease control rate. The forest plot of the pooled DCR for
each regimen is shown in Supplementary Digital Content Figure
S8, available at: http://links.lww.com/JS9/F12. The DCR for
FOLFIRINOX was 0 - 70 (95% CI: 0 - 59-0 - 80, I> = 0%),
based on three studies!'>'>*], The DCR for FOLFIRI was 0 - 47
(95% CI: 0 - 20-0 - 75, I> = 71%), derived from three
studies!”***, The DCR for the FOLFOX group was 0 - 46
(95% CIL: 0 - 34-0 - 58, I* = 71%), based on seven studies'***-
3335371 For the nal-IRI/FL group, the DCR was 0 - 63 (95% CI:
0-49-0- 75,1 = 53%), based on four studies!"*%>**2|,

Safety outcomes. The detailed safety outcomes of the treat-
ments are presented in Supplementary Digital Content Table S6,
available at: http:/links.lww.com/JS9/F13. While many studies
reported the number of cases for specific adverse events (e.g.,
neutropenia, fatigue, diarrhea), only a few provided the total
number of patients who experienced adverse events. The inci-
dence of any-cause adverse events was reported to be as high as
98 - 2%, with serious adverse events (Grade 3-5) reaching up to
69%. Similarly, treatment-related adverse events were reported
in up to 98 - 9% of cases, with treatment-related serious adverse
events accounting for 57% of cases. Discontinuation due to
adverse events occurred in up to 12% of cases, whereas mortal-
ity due to adverse events was reported in up to 22%.
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N o o o
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Figure 4. Kaplan—Meier estimates of overall survival for different second-line regimens. (A) FOLFIRINOX, (B) FOLFIRI, (C) FOLFOX, and (D) nal-IRI/FL. Grey lines
represent Kaplan—-Meier estimates of overall survival for each trial arm. Black squares represent the end of follow-up for each trial.
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Risk of bias within studies. The risk of bias assessments for the
included studies are summarized in Supplementary Digital
Content Tables S7, S8, available at: http://links.lww.com/JS9/
F13. All RCTs were open-label studies, resulting in a high risk of
bias in the performance and detection bias domains. For single-
arm trials and cohort studies, the outcome domains were gen-
erally rated as having a low risk of bias. Additionally, outcomes
such as adverse events and survival rates were reported without
adjustments, leaving these domains unrated.

Discussion

In this study, we conducted a meta-analysis integrating 12 years of
real-world data on the use of FOLFIRINOX or mFOLFIRINOX
as salvage treatment in patients with advanced BTC at a single
tertiary center, along with all available published studies on sec-
ond-line chemotherapy regimens for advanced BTC. We evaluated
the efficacy and safety of currently recommended second-line regi-
mens, including FOLFIRI, FOLFOX, and nal-IRI/FL, in compar-
ison with FOLFIRINOX, which is not yet an established or widely
endorsed option. Our analysis included PFS, OS, ORR, DCR, and
toxicity profiles of these regimens. To our knowledge, this is the
first systematic review and meta-analysis to include FOLFIRINOX
in a comparative evaluation of currently used second-line che-
motherapy regimens including FOLFOX, FOLFIRI, and nal-IRI/
FL for patients with BTC previously treated with first-line che-
motherapy. While previous studies have reported outcomes of
individual regimens, no study to date has synthesized both real-
world data and published evidence across multiple regimens in a
single comprehensive analysis. Our findings provide valuable com-
parative insights that may inform clinical decision-making and
guide future trial designs in this challenging patient population.

This systematic review and meta-analysis identified numeri-
cally favorable survival outcomes for FOLFIRINOX compared
to currently recommended second-line regimens in patients with
advanced BTC previously treated with first-line chemotherapy.
The ORR and DCR of the currently recommended regimens
were also lower than those of FOLFIRINOX. Notably, two
patients (4 - 2%) in our cohort achieved CR after 17 and 12
cycles of chemotherapy, despite prior disease progression fol-
lowing first-line treatment. This finding is particularly signifi-
cant when compared to previous prospective studies, which
reported CR rates of only 1% with FOLFOX and 0% with
nal-IRIFL, respectively!®'!. Further studies are warranted to
identify predictive markers, such as genetic differences, that
may help clarify which patients are more likely to benefit from
FOLFIRINOX.

In comparing our cohort results to previous studies on
FOLFIRINOX in BTC, our observed mPFS of 2 - 7 months,
mOS of 8 - 9 months, and ORR of 12 - 5% were generally lower
than those reported by Belkouz et al (mPFS 6 - 2 months, mOS
10 - 7 months, ORR 10%)!"*), Ye ez al (mPFS 6 - 7 months, mOS
13 - 2 months, ORR 26 - 7%)P% and Lee et al (mPFS
2 - 8 months, mOS 6 - 2 months, ORR 14 - 7%)!"*l. These
discrepancies may be partially explained by the inclusion of
patients in our cohort who were unable to continue treatment
until the first scheduled response evaluation due to clinical dete-
rioration or treatment-limiting complications. These patients
were included in the intention-to-treat population, which may
have led to an underestimation of treatment efficacy,

International Journal of Surgery

particularly for PFS and OS. When we analyzed the full analysis
set, defined as patients who completed treatment until the first
scheduled evaluation, the mPFS increased to 4 - 2 months, mOS
to 11 - 4 months, and ORR to 16 - 7%, aligning more closely
with previously reported outcomes. This finding underscores the
importance of baseline patient condition, treatment adherence,
and study design when interpreting and comparing survival and
response outcomes across studies. In addition, differences in
study design (prospective clinical trials vs. retrospective real-
world analysis), baseline performance status, and disease burden
may have influenced outcomes. For instance, the Belkouz et al
study enrolled patients with ECOG performance status 0-1 in
a controlled trial setting!'?!, whereas our cohort included
a broader spectrum of patients, including those with poorer
general condition. Variations in treatment protocol may also
contribute; our cohort included both standard and modified
FOLFIRINOX regimens, with frequent dose reductions (in
nearly 30% of patients), while the previous study employed
a full-dose regimen in a more selectively enrolled population.
Geographic differences in patient demographics, comorbidity
profiles, and supportive care practices between Western and
Asian populations may further contribute to outcome
variability.

Notably, two patients (4 - 2%) in our cohort achieved a CR,
a rare outcome that has seldom been reported in prior studies
of second-line treatment for BTC. The DCR in this subset was
63.9%, which was comparable to that of nal-IRI/FL (63 - 0%)
and higher than the rates reported for FOLFOX (45 - 9%) and
FOLFIRI (46 - 7%). Regarding safety, grade 3-5 neutropenia
occurred in 40.7% of patients in our cohort, which was higher
than the 23 - 1% reported in pancreatic cancer populations and
the 32 - 3% observed by Lee et al in BTC. Nonetheless, the
treatment discontinuation rate was low at 3 - 7%, suggesting that
toxicity was generally manageable with dose modifications and
supportive care. These comparative findings suggest that, although
FOLFIRINOX is associated with hematologic risks, it may offer
favorable clinical outcomes compared to established second-line
options, particularly in carefully selected patients.

While safety data for FOLFIRINOX were largely unreported
across most included studies, the limited available evidence,
along with our institutional cohort findings, suggests
a substantial toxicity burden. In our cohort, 47.2% of patients
experienced grade 3-4 neutropenia, and 11.1% discontinued
treatment due to adverse events. Similarly, Belkouz et al reported
grade 3-5 toxicities in 30% of patients and a 10% treatment
discontinuation rate with standard FOLFIRINOX"?!, In con-
trast, nal-IRI/FL appeared to exhibit a more favorable toxicity
profile in certain studies, although sample sizes were limited and
safety reporting was inconsistent. Any-cause adverse events ran-
ged from 42% to 56.2%, with discontinuation due to toxicity
observed in 7% to 12% of patients. FOLFOX and FOLFIRI
regimens demonstrated considerable variability, with grade 3-5
adverse event rates ranging from 55.4% to 69% among
FOLFOX-treated patients, and from 22.2% to 56% in those
receiving FOLFIRI. Taken together, these observations under-
score the importance of individualized treatment selection based
not only on efficacy but also on the anticipated toxicity burden,
particularly given the heterogeneity in safety outcomes reported
across different second-line regimens.

Most studies included in this meta-analysis reported the num-
ber of specific adverse events (e.g., neutropenia, fatigue,
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diarrhea), but did not provide data on the total number of
patients who experienced any adverse event. In contrast, our
study presented detailed safety outcomes for each treatment
regimen. However, this limitation in the included studies
restricted our ability to perform a comprehensive comparative
analysis of safety profiles. In our cohort, 26 patients (48 - 1%)
experienced serious adverse events, with neutropenia being the
most common (40 - 7%). Sixteen patients (29 - 6%) required
dose reductions due to treatment-related adverse events, but
only two patients (3 - 7%) discontinued chemotherapy because
of drug-induced side effects. Grade 3-4 neutropenia is a well-
known adverse event associated with FOLFIRINOX, with
a higher incidence than that observed with other regimens!™*.
A recent meta-analysis reported a 23 - 1% incidence of grade 3—4
neutropenia in patients with pancreatic cancer treated with
FOLFIRINOX™!, In a phase II study on FOLFIRINOX in
BTC, the incidence of grade 3—4 neutropenia was 32 - 3%,
which is slightly lower than our findings. These results underscore
the importance of careful monitoring and timely dose adjustments
when administering FOLFIRINOX. Furthermore, given that
patients who were able to continue treatment until the first
scheduled response evaluation showed durable responses and
prolonged survival, it is essential to carefully consider each
patient’s general condition, including ECOG performance status,
when selecting FOLFIRINOX as a treatment option.

FOLFIRINOX is associated with a high incidence of severe
adverse events, particularly grade 3-5 neutropenia, which can
negatively impact patient safety and quality of life. In
a prospective study, Takahara ef al reported that the incidence
of grade 3—4 neutropenia was as high as 54 - 3%, and febrile
neutropenia reached 17 - 1% in patients with advanced BTC
receiving FOLFIRINOX as first-line therapy*. In our cohort
study, neutropenia occurred in 40.7% of BTC patients treated
with second-line FOLFIRINOX, with grade 3-5 neutropenia
observed in 59.1% of these cases. According to the latest
NCCN Clinical Practice Guidelines for Hematopoietic Growth
Factors (Version 1.2025), FOLFIRINOX falls into the inter-
mediate-risk category for febrile neutropenia, and prophylactic
long-term administration of granulocyte colony-stimulating fac-
tor (G-CSF) is recommended to prevent neutropenia in patients
receiving such intensive chemotherapy regimens!*’!. Although
no clinical trials have specifically evaluated the use of primary
prophylactic G-CSF in BTC patients receiving second-line
FOLFIRINOX, multiple studies have demonstrated that G-CSF
administration significantly reduces the risk of severe neutrope-
nia and febrile neutropenia in patients with pancreatic cancer!**
U, These findings suggest that, with appropriate supportive care
such as primary prophylactic G-CSF, FOLFIRINOX may be
administered more safely as a second-line treatment for patients
with BTC.

New treatment strategies, including immunotherapy and tar-
geted therapies, are emerging to address the poor prognosis
associated with BTC*?). In a multicenter phase III study, ivosi-
denib, a targeted inhibitor of mutant IDH1, achieved a PFS and
OS of 6 and 10 - 7 months, respectively, in patients with pre-
viously treated advanced cholangiocarcinoma harboring IDH1
mutation!®®!, Similarly, a multicenter phase II study of pemiga-
tinib, a selective fibroblast growth factor receptor 1 (FGFR1) to
FGFR3 inhibitor, reported a median PFS of 6.9 months in
patients with FGFR-mutated cholangiocarcinoma who had
received at least one prior line of systemic therapy®*. In

addition, a single-arm, multi-cohort phase II “basket” trial,
neratinib, an irreversible pan-HER oral tyrosine kinase inhibi-
tor, showed a PFS and OS of 2 - 8 and 5 - 4 months, respectively,
in patients with advanced disease previously treated with first-
line chemotherapy!**!. While these studies highlight the potential
of targeted therapies, their applicability remains limited due to
the low prevalence of actionable mutations, which range from
approximately 9% to 13% in BTC populations®>>%1,
Furthermore, the high costs associated with these therapies
pose affordability challenges for the average patient.

There are several limitations in this study. First, considerable
heterogeneity was observed across studies in pooled outcomes
such as PFS and OS, particularly in the FOLFIRINOX and
FOLFIRI groups. Potential contributors to this heterogeneity
include variations in BTC subtype (intrahepatic, perihilar, extra-
hepatic cholangiocarcinoma, gallbladder cancer), first-line ther-
apy, and chemotherapy dose modifications. For example, the
meta-analysis of PFS in the FOLFOX group yielded an I* of
93.0%, indicating substantial heterogeneity. This may be attribu-
table to differences in study design (e.g., RCTs vs retrospective
cohort studies), geographic variation in patient populations, or
variations in chemotherapy administration protocols. While we
applied a random-effects model to account for such variability,
further exploration was limited by the availability of stratified
data. To address this, we reviewed our institutional cohort data
and found no significant differences in FOLFIRINOX efficacy
across BTC subtypes (Supplementary Digital Content Figure S1,
available at: http:/links.lww.com/JS9/F12). Based on this obser-
vation, we cautiously hypothesize that other regimens may simi-
larly exhibit limited variation in efficacy across subtypes.
Additionally, the limited number of studies per regimen prevented
us from conducting robust sensitivity analyses to test the stability
of our pooled estimates. Second, the retrospective nature of our
cohort study may have introduced inherent biases, including
unmeasured confounding and incomplete clinical documentation.
Moreover, patients who experienced early treatment discontinua-
tion due to rapid clinical deterioration or severe toxicity were
excluded from the response-evaluable population. This may
have introduced selection bias, potentially overestimating treat-
ment efficacy. Third, although our inclusion and exclusion cri-
teria were designed to ensure methodological consistency, they
may limit the generalizability of our findings to broader BTC
populations, particularly those receiving alternative or mixed
treatment regimens. The single-center nature of our cohort
study may further reduce the external validity of its results.
Fourth, some pooled estimates exhibited wide Cls, particularly
in regimens with fewer included studies or smaller sample sizes.
This limited statistical precision emphasizes the exploratory nat-
ure of our findings. Further large-scale, prospective investigations
are needed to validate these observations and improve the evi-
dence base for second-line treatments in advanced BTC. Finally,
the favorable outcomes observed in the full analysis set (PFS
4.2 months, OS 11.4 months) relative to the total cohort (PFS
2.7 months, OS 8.9 months) are likely influenced by the exclusion
of patients with poor prognosis or rapid deterioration.
Specifically, patients who were lost to follow-up or died from
complications such as septic shock or gallbladder perforation
before scheduled imaging may have had more aggressive disease
biology or lower functional reserve. These exclusions may intro-
duce selection bias favoring the full analysis set. As such, the full
analysis set represents a clinically fitter subset of patients, and
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results should be interpreted with caution regarding generaliz-
ability to the broader BTC population receiving second-line
therapy.

Although biomarker discovery was beyond the scope of this
study, prior literature highlights several candidate biomarkers
that may inform future strategies for optimizing chemotherapy
selection in BTC. For example, BRCA1 and BRCA2 mutations
have been associated with improved PFS in patients receiving
first-line platinum-based chemotherapy, suggesting a potential
predictive role in this setting™®!. In addition, mutations in TP53
and ATM have shown prognostic significance, correlating with
poorer OS in patients with advanced disease undergoing sys-
temic therapy!®®!. Furthermore, the expression of human equili-
brative nucleoside transporter 1 (hENT1), a key mediator of
nucleoside analog uptake, has been linked to prolonged PFS
and OS in patients treated with gemcitabine-based chemother-
apy in both adjuvant and palliative settings”®”). These findings
support the integration of biomarker-based strategies to better
personalize treatment selection in advanced BTC.

In conclusion, this systematic review and meta-analysis, incor-
porating 12 years of real-world data from our institutional cohort,
suggests that FOLFIRINOX may offer a potential benefit as
a second-line treatment option for BTC following progression on
first-line chemotherapy. While FOLFIRINOX showed numerically
favorable survival outcomes in our analysis, it is not currently an
established second-line standard, and the observed benefits should
be interpreted with caution due to the study’s observational design
and variability in available data. Given the higher incidence of
grade 3—4 neutropenia, appropriate patient selection and close
toxicity monitoring are essential. Further large-scale, prospective
studies are warranted to confirm its clinical utility and to identify
patients most likely to benefit from this regimen.
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