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Abstract

Introduction. The aim of this article is to evaluate the efficacy and outcomes of FOLFIRINOX
as a first-line treatment for initial metastatic pancreatic cancer patients at the Clinical Center
University of Sarajevo.

Methods. The research presents a retrospective analysis was conducted on 33 patients treated
with FOLFIRINOX, between January 2021 and January 2023. Baseline characteristics, tumor mar-
kers (CEA, CA 19-9, CA 125), neutrophil-to-lymphocyte ratio (NLR), neutrophil-to-platelet ratio
(NPR) and initial metastatic site were evaluated using Cox regression analysis in order to identify
predictive and prognostic factors for progression-free survival (PFS) and overall survival (0OS).

Results. The median age of patients was 64 (range 38-76). There were 18 males and 15 fema-
les. The median OS was 21.7 months (95% CI, 10.5-32.9) and the median PFS was 10.0 months
(95% CI, 8.2-11.8). A statistically significant negative correlation was found between NLR and
OS (r=-0.464, p=0.045). Patients with initial liver metastasis had a numerically worse median
OS (16.3 months, 95% CI, 5.1-27.5), compared to those with non-liver metastasis (OS not
reached, p=0.058). Tumor markers, NLR, NPR, and initial metastatic site were not independent
predictors of PFS and OS.

Conclusion. FOLFIRINOX demonstrates significant efficacy in treating metastatic pancreatic
cancer in a real-world setting. Personalized approaches, including genetic profiling and microbio-
me analysis, along with AI integration, offer promising avenues to enhance treatment outcomes
and quality of life for patients.

Keywords: metastatic pancreatic cancer, enhanced outcomes, overall survival, progression-
free survival.

INTRODUCTION

Pancreatic cancer is acknowledged as one of The disease is among the poorest in terms
the most formidable challenges in oncology, of prognosis and the disease ranks as the
characterized by its aggressive progression sixth leading cause of cancer mortality in
and poor prognosis. both sexes combined (1).
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Taking into account the advances in me-
dical research, the five-year survival rate
has recently improved by approximately
13% - a moderate but significant increase
which reflects improvements in treatment
and early detection methods (2). However,
for patients with unresectable pancreatic
cancer, the five-year survival rate remains
below 5%, implying the particularly dire
prognosis for those whose cancer cannot
be surgically removed (2). In the United
States, the projected figures for 2024 in-
dicate 66,440 new cases and 51,750 de-
aths, emphasizing the deadly nature of
this disease (2). In Bosnia and Herzegovi-
na, the situation mirrors the global chall-
enge, with estimated 502 new cases and
489 deaths reported in 2022, suggesting a
high fatality rate that nearly matches the
incidence (3).

Considering the recent advancements in
treatment, FOLFIRINOX has emerged as
a crucial therapy for metastatic pancrea-
tic cancer. Introduced in the early 2010s,
FOLFIRINOX presents a combination regi-
men of fluorouracil, leucovorin, irinotecan
and oxaliplatin. The ACCORD trial, publis-
hed in 2011, demonstrated that FOLFIRI-
NOX significantly extended median overall
survival to 11.1 months, compared to 6.8
months for patients treated with gemcita-
bine, marking a valuable improvement in
the management of this disease (4). Des-
pite its intense side effects and the nece-
ssity for careful patient selection, FOLFIRI-
NOX is a good example of the shift in the
approach towards aggressive combination
therapies that target multiple aspects of
tumor growth and survival, with the aim of
extending lifespan and improving the qu-
ality of life for patients suffering from this
devastating disease.

Besides the recent promising increase in
survival rates, there is also an ongoing
need for advancements in both thera-
peutic approaches as well as diagnostic
techniques, in order to change the overall
dismal survival statistics. The American
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Society of Clinical Oncology (ASCO) gu-
idelines emphasize the importance of early
testing for actionable genomic alterations
in patients who are likely to become can-
didates for additional treatment after the
first-line therapy. This includes testing for
microsatellite instability, mismatch repa-
ir deficiency, BRCA mutations and NTRK
gene fusions (5).

Pancreatic Ductal Adenocarcinoma (PDAC)
patients with somatic/germline mutations
in the DNA Damage Repair (DDR) pathway,
such as BRCA1, BRCA2 and PALB2, may
benefit from platinum-based therapies and
PARP inhibitors such as Olaparib. Simi-
larly, KRAS mutations, prevalent in about
95% of PDAC cases, are being targeted
with the new therapeutics like Sotorasib
and Adagrasib, which have shown promi-
sing results in many clinical trials. Besides
that, immunotherapy is showing up as a
potential treatment for a subset of PDAC
patients with mismatch repair deficiency
(dMMR) and/or high microsatellite insta-
bility (MSI-H), within which medications
like Pembrolizumab demonstrate particular
efficacy. These advancements underscore
the importance of personalized medicine in
the future management of pancreatic can-
cer, setting the ground for better outcomes
through targeted and immune-based the-
rapies (6).

An additional advantage of early testing for
actionable genomic alterations is the oppor-
tunity it provides for patients to qualify for
clinical trials specifically targeting these ge-
netic changes.

METHODS
Patients and Study Design

This retrospective cohort study was con-
ducted at the Clinic of Oncology, Clinical
Center University of Sarajevo. We included
patients diagnosed with initially metastatic
pancreatic cancer who were treated from
January 2021 to January 2023. The stu-
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dy aimed to evaluate the efficacy of FOL-
FIRINOX as a first-line treatment and to
identify potential predictive and prognostic
biomarkers.

Methods

Within the study, 33 patients with a con-
firmed diagnosis of initially metastatic
pancreatic cancer were included. Eligibi-
lity for inclusion required patients to be
treated with FOLFIRINOX as their first-
line treatment. We excluded patients
deemed unfit for FOLFIRINOX based on
predefined clinical criteria including per-
formance status and organ function tests.
The criteria for being deemed unfit were
rigorous and aligned with the latest onco-
logical guidelines.

Data were collected retrospectively from
electronic medical records and patient files,
thoroughly maintained by the Clinic of On-
cology. We extracted demographic informa-
tion, clinical history, treatment details and
follow-up outcomes. The primary collected
variables included:

The primary analyzed outcomes were ove-
rall survival and progression-free survival,
defined from the start of the treatment to
the date of the last follow-up or death.

We evaluated several potential predictive
and prognostic factors including:

e Tumor Markers: Carcinoembryonic anti-
gen (CEA), cancer antigen 19-9 (CA 19-
9) and cancer antigen 125 (CA 125).

e Inflammatory Markers: Neutrophil-to-
lymphocyte ratio (NLR) and neutrophil-
to-platelet ratio (NPR).

e Metastatic Site: Initial sites of metasta-
sis were recorded and classified.

Statistical Methods

e analysis was performed using SPSS
software (Version 25, IBM Corp., Ar-

monk, NY, USA). Survival curves were
estimated using the Kaplan-Meier
method and compared using the log-
rank test. Multivariate analysis was
conducted using Cox proportional ha-
zards regression models to identify
independent predictors of survival. A
two-sided p-value of less than 0.05
was considered statistically signifi-
cant.

RESULTS

This study analyzed the outcomes of 33 pati-
ents with initially metastatic pancreatic can-
cer treated with FOLFIRINOX as a first-line
treatment at the Clinic of Oncology, Clinical
Center University of Sarajevo, from January
2021 to January 2023.

The median age of the patients was 64, ran-
ging from 38 to 76 years, with a distribution
of 18 males and 15 females. We have not
identified a statistically significant difference
in progression-free survival and overall sur-
vival between gender groups.

The median overall survival (OS) for the
cohort was 21.7 months, with a 95% con-
fidence interval (CI) of 10.5 to 32.9 months.

The median progression-free survival (PFS)
was 10.0 months, with a 95% CI of 8.2 to
11.8 months.

A statistically significant negative correlati-
on was found between the NLR and overall
survival of patients (correlation coefficient r
= -0.464, p = 0.045).

Patients presenting with initial liver me-
tastasis exhibited a worse median OS
of 16.3 months (95% CI: 5.1 to 27.5
months), compared to those with non-
liver metastatic sites, where the medi-
an OS was not reached. The difference
approached statistical significance (log-
rank p-value = 0.058). The impact of
metastatic sites on survival outcomes is
illustrated in Figure 1.
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Figure 1 Kaplan-Meier survival analysis of patients divided in
two groups based on the location of metastatic disease.
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Metastatic sites were located predominantly
in the liver (52.6%), followed by the lun-
gs (23.6%), retroperitoneal lymph nodes
(13.1%), peritoneum (5.3%), stomach
(2.7%) and bones (2.7%). The detailed dis-
tribution of metastatic sites among patients
is presented in Table 1.

Table 1 Frequency and percentage distribution of metastatic
sites among the patients.

Location of Metastasis Frequency (n) Percent (%)

Liver 20 52.6
Lungs 9 23.6
Retroperitoneal lymph nodes 5 13.1
Peritoneum 2 5.3
Stomach 1 2.7
Bones 1 2.7
Total 38 100

Survival analysis was performed, dividing
the patients into two groups based on the
location of metastatic disease. The survival
curves highlighted the differential impact of
metastatic sites on survival outcomes and
are shown in Figure 1.

The study assessed tumor markers (CEA, CA
19-9, CA 125), NLR, neutrophil-to-platelet
ratio (NPR) and the initial site of metastasis
for their potential as predictive and progno-
stic markers. However, none of the noted pa-
rameters were identified as independent pre-
dictive or prognostic markers for PFS and OS.
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DISCUSSION

Patients with initially metastatic pancreatic
cancer who were treated with FOLFIRINOX
at our site achieved better PFS and OS re-
sults compared to the clinical studies that
established this regimen. Within our study,
the median overall survival (OS) was 21.7
months, and the median progression-free
survival (PFS) was 10.0 months, signifi-
cantly higher than the 11.1 months OS and
6.8 months PFS reported in the ACCORD tri-
al (4). This difference in outcomes may be
attributed to several factors, including ad-
vancements in supportive care.

Considering the timeline of the ACCORD tri-
al, it should be pointed out that since then,
there have been significant improvements in
supportive care which help patients to better
manage the intense side effects associated
with the FOLFIRINOX regimen. Enhanced
supportive care can lead to improved tolerabi-
lity, allowing patients to maintain optimal do-
sing and treatment schedules, which can be
crucial in achieving the best outcomes (1, 7).

When it comes to the patient selection pro-
cess and the management in general, our
study likely benefited from implementing
refined criteria for selecting patients, but
also from the advancements made in the
initial diagnostic management of pancreatic
cancer. This includes more precise diagho-
stic tools and closer monitoring, which can
contribute to better overall outcomes (2, 4,
8). Besides that, this aspect aligns with the
findings from other studies as well, such as
Yoon et al., which also reported better sur-
vival rates due to enhanced supportive care
and closer patient monitoring (8).

It is interesting to note that variations in he-
althcare practices, accessibility to advanced
care, and demographic differences can also
significantly influence treatment outcomes.
Studies indicate that regional differences
impact survival rates and treatment effecti-
veness, suggesting that local healthcare in-
frastructure and practices play critical roles
in the success of complex treatments like
FOLFIRINOX (9).
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Even though the previously noted findings
indicate that FOLFIRINOX really does offer
improved survival benefits, we need to take
into consideration that this regimen is at the
same time associated with higher toxicity
and cost. Economic evaluations suggest that
while remaining more expensive, the cost-
effectiveness of FOLFIRINOX may be justi-
fied by the significant survival benefit that
it brings (7, 10). Moreover, quality of life
considerations are paramount, as treatment
intensity must be balanced against potential
quality of life deterioration. Gourgou-Bour-
gade et al. highlighted that FOLFIRINOX
significantly reduces quality of life impair-
ment compared with gemcitabine, despite
its higher toxicity profile (7).

The recent NAPOLI-3 clinical trial demon-
strated an improvement in median survi-
val to 11.1 months (95% CI 10.0-12.1) for
patients treated with the NALIRIFOX regi-
men (liposomal irinotecan, oxaliplatin, leu-
covorin, and fluorouracil), compared to 9.2
months (95% CI 8.3-10.6) for those re-
ceiving nab-paclitaxel-gemcitabine. These
findings position NALIRIFOX as a promising
new first-line treatment option for patients
with metastatic pancreatic cancer.

Aside from the quality of life considerations
and survival benefits of FOLFIRINOX, we
found that survival outcomes can be im-
pacted by liver metastasis as well. Precise-
ly, our findings indicated that patients with
initial liver metastasis had a worse median
OS compared to those with non-liver meta-
stases. This observation aligns with existing
research indicating that liver metastases in
pancreatic cancer are associated with we-
aker prognosis. The general physiological
role of the liver in drug metabolism and the
aggressive nature of liver-invading tumors
likely contribute to worse outcomes. Studies
have shown that liver metastases are often
linked with higher tumor burden and more
aggressive disease, impacting the effective-
ness of systemic treatments and overall pa-
tient survival (6, 11).

Genetic profiling can change treatment
outcomes through identification of patients

who are more likely to respond to different
chemotherapy regimens based on their ge-
nomic information, thus highlighting the po-
tential benefits of integrating precision medi-
cine into treatment protocols for metastatic
pancreatic cancer (5). For instance, the pre-
sence of certain DNA repair gene mutations
may make cancer cells more susceptible to
the DNA-damaging agents in FOLFIRINOX.
Further research into these predictive bio-
markers could refine patient selection crite-
ria, potentially leading to even better clinical
outcomes and more personalized treatment
approaches (12).

When we bring up patient profiling, it is
important to highlight that the use of arti-
ficial intelligence (AI) in healthcare is tran-
sforming the development of that process
and the customization of treatment plans
in general. Al can analyze extensive data-
sets, including genetic profiles, clinical hi-
stories and treatment responses, to identify
patterns that predict which patients are most
likely to benefit from specific chemotherapy
regimens. These Al algorithms provide cli-
nicians with data-driven insights, enhancing
the precision of treatment plans and optimi-
zing patient outcomes (13, 14). Future re-
search should investigate the incorporation
of Al tools in routine clinical practice in order
to further refine patient selection and per-
sonalize treatment strategies, particularly in
pancreatic cancer.

The composition of the gut microbiome
can influence the body’s response to che-
motherapy and also modulate the immune
response against tumors. Studies indicate
that certain bacterial populations can en-
hance the effectiveness of chemotherapy,
while others may contribute to resistance
or increased toxicity. Including microbiome
analysis into patient profiling could lead to
even more personalized treatment modali-
ties aimed at improving outcomes and re-
ducing side effects (15). Chrysostomou et
al. highlighted that gut microbiota modula-
tion could impact the efficacy and toxicity of
cancer chemotherapy and immunotherapy,
suggesting that microbiome-targeted in-
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terventions might be a valuable addition to
cancer treatment protocols (15).

Innovative targeted therapies, based on
genomic results, could potentially im-
prove survival and quality of life in PDAC
(Pancreatic Ductal Adenocarcinoma) pati-
ents. PDAC patients with somatic/germli-
ne mutations in the DNA Damage Repair
(DDR) pathway, such as BRCA1, BRCA2,
and PALB2, may benefit from platinum-
based therapies and PARP inhibitors like
Olaparib (5). Similarly, KRAS mutations,
prevalent in about 95% of PDAC cases,
are being targeted with new therapeutics
like Sotorasib and Adagrasib, which have
shown promising results in clinical trials
(6). Besides that, immunotherapy is also
showing up as a potential treatment for a
subset of PDAC patients with mismatch re-
pair deficiency (dMMR) and/or high micro-
satellite instability (MSI-H), within which
medications like Pembrolizumab demon-
strate particular efficacy (5, 7). These ad-
vancements emphasize the importance of
personalized medicine in the future ma-
nagement of pancreatic cancer, making
space for better outcomes through targe-
ted and immune-based therapies (8).

Although the study provides valuable insi-
ghts, several limitations must be acknowled-
ged. First, the relatively small sample size of
33 patients may reduce the statistical power
of our analysis and limit the generalizability of
our findings to broader patient populations.
The retrospective design of the study intro-
duces inherent limitations, including the po-
tential for selection bias and incomplete data
collection. Moreover, the biomarker analysis
in this study was limited to tumor and in-
flammatory markers (CEA, CA 19-9, CA 125,
NLR, NPR). While these markers have been
associated with prognostic outcomes in other
studies, our analysis did not include geno-
mic or molecular profiling, which could offer
more precise predictive insights, especially in
the context of emerging targeted therapies
and personalized medicine.
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As this study was conducted at a single in-
stitution, the results may not be broadly
applicable to other healthcare settings or
regions with different treatment protocols
and patient populations.

In summary, while this study contributes to
the growing body of evidence supporting the
use of FOLFIRINOX in metastatic pancreatic
cancer, these limitations should be conside-
red when interpreting the results. Further
research with larger, multicenter cohorts,
prospective designs, and comprehensive
biomarker and quality of life assessments
is warranted to refine treatment strategi-
es and optimize outcomes for this patient
population. The limitations of our research
pertain to the small sample size of patients
and the lack of information on the molecular
profile of patients.

CONCLUSION

The results of our study correlate with the
outcomes of therapy with FOLFIRINOX in pi-
votal clinical trials and confirm the efficacy
and safety of this combination in a real-
world setting.
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