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Simple Summary: Pancreatic cancer is one of the deadliest cancers due to its subtle onset and
advanced stage at diagnosis. With most patients having inoperable cancer at diagnosis, survival rates
remain low despite existing treatments. Our review aims to map and summarize current studies on
FGFR inhibitors, a promising new treatment targeting specific cancer pathways. We found that while
there are many preclinical studies, clinical research is still emerging, focusing mainly on the efficacy
and safety of these treatments. Although FGFR alterations are relatively rare in pancreatic cancer, the
few available real-life data are promising. Future research should aim to better identify the genetic
drivers of this cancer and gather more data on long-term outcomes. This could lead to improved
treatments and better survival rates for patients with pancreatic cancer.

Abstract: Pancreatic cancer is a highly lethal disease, often diagnosed at advanced stages, with a
5-year overall survival rate of around 10%. Current treatments have limited effectiveness, under-
scoring the need for new therapeutic options. This scoping review aims to identify and summarize
preclinical and clinical studies on FGFR (Fibroblast Growth Factor Receptor) inhibitors, including tyro-
sine kinase inhibitors (TKIs) and FGFR-specific inhibitors, in pancreatic cancer with FGFR alterations.
We included studies analyzing efficacy, safety, and survival outcomes in various populations. A
comprehensive search across major databases identified 73 relevant studies: 32 preclinical, 16 clinical,
and 25 from gray literature. The clinical trials focused primarily on efficacy (20 studies) and safety
(14 studies), with fewer studies addressing survival outcomes. FGFR1 was the most studied alter-
ation, followed by FGFR2 and FGFR4. Although FGFR alterations are relatively rare in pancreatic
cancer, the available data, including promising real-life outcomes, suggest significant potential for
FGFR inhibitors. However, more extensive research is needed to identify the correct genetic drivers
and gather robust survival data. Ongoing and future trials are expected to provide more comprehen-
sive insights, potentially leading to improved targeted therapies for pancreatic cancer patients with
FGFR alterations.

Keywords: FGFR; target therapy; pancreatic cancer; FGFR alteration; scoping review

1. Introduction

Pancreatic cancer (PC) stands out as one of the deadliest forms of cancer, characterized
by a subtle onset, aggressive behavior, and a 5-year overall survival rate hovering around
10%, primarily due to the majority of cases being diagnosed at an advanced stage, owing to
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the clinical characteristics of the disease and its often asymptomatic nature [1]. As a result,
80–90% of patients have unresectable cancer at the time of diagnosis [2]. PC represents a
substantial challenge in the management of oncological diseases, ranking as the 12th most
prevalent malignancy and the 7th leading cause of cancer-related mortality (accounting for
4.7% of all cancers) [1]. Chemotherapeutic regimens currently represent the standard of
care, with median survival rates that seldom exceed one year from the initiation of first-line
treatment [3]. Although some promising results have been observed with the use of the
poly (ADP-ribose) polymerase (PARP) inhibitor olaparib in patients with germline BRCA
mutations [4], the results of phase II/III trials investigating both targeted therapies and
their combinations have failed to demonstrate a significant advantage [5–8].

The role of FGFR (Fibroblast Growth Factor Receptor) in tumor carcinogenesis path-
ways is integral to the regulation of key cellular processes. FGFR actively participates in
signaling cascades governing cell growth, survival, and differentiation, positioning itself
as a pivotal factor in the initiation and progression of tumorigenesis [9]. Dysregulation
of FGFR signaling, often associated with genetic alterations such as mutations, ampli-
fications, or overexpression, can instigate uncontrolled cell proliferation and contribute
significantly to the pathogenesis of various cancers [10]. This aberrant activation of FGFR
pathways leads to downstream effects on critical signaling pathways, including MAPK
(Mitogen-Activated Protein Kinase) and PI3K/Akt (Phosphoinositide 3-Kinase/Protein
Kinase B), resulting in enhanced cell survival, angiogenesis, and metastatic potential [11].
The pivotal role of FGFR in pancreatic cancer (PC) has been extensively explored. Elevated
levels of FGFR expression have been associated with an advanced tumor stage, while
lower FGFR expression has been significantly correlated with extended post-operative
survival; compared to basic FGF expression in patients with PC, the overexpression of
FGFR demonstrates itself as a more valuable prognostic indicator [12].

FGFR1, identified over two decades ago as abnormally expressed in PC, has been asso-
ciated with aberrant autocrine and paracrine pathways [13]. In up to 10% of patients with
advanced pancreatic ductal adenocarcinoma (PDAC), there is a description of amplification
and overexpression of FGFR1 [14]. However, this occurrence is less common in cohorts
of patients with resectable PDAC [15]. FGFR1 exhibited a broader expression pattern in
both healthy and diseased pancreatic tissues; it demonstrated a robust correlation with
the epithelial-to-mesenchymal transition (EMT) phenotype but did not show a significant
association with the epithelial subtypes of PDAC, whether classical or basal-like [16]. Nu-
clear FGFR1 also regulates Neuregulin transcription, which acts in an autocrine fashion
in pancreatic stellate cells, promoting invasion [17]. Distinct isoforms of FGFR1, such as
FGFR1 IIIb and FGFR1 IIIc, exert varying influences on tumorigenesis, with IIIb suppress-
ing tumor formation and growth in mice and IIIc promoting cell growth through mitogenic
signaling via the FRS2-MAPK pathway, with the potential to increase the transformation of
pancreatic ductal cells [18,19]. In only 0.54% of PDAC cases, FGFR2 is amplified, yet it does
not exhibit mutations [20], while FGFR2 fusion has been identified in 6.7% of patients [21].
FGFR-2 and its isoforms clinically contribute to aggressiveness in PDAC [22]; previous
studies demonstrated the correlation between the level of FGFR-2 IIIb and venous invasion
and VEGF-A expression [23]; FGFR2 IIIc overexpression promoted cell proliferation and
enhanced tumor growth and liver metastases in vivo [24].

Regarding the limited data showing that FGFR3 can exhibit both tumor-suppressive
and oncogenic properties, it may be prudent to consider this information when evaluating
the targeting of a TKI [25]. FGFR4 expression is exclusively detected in epithelial cells,
significantly elevated in the classical/epithelial phenotype, and is associated with better
outcomes [16]. It is substantially increased in high-grade pancreatic intraepithelial neopla-
sia (PanIN) and PDAC compared with normal and low-grade PanIN [26]. The stimulation
of PDAC cells with FGFR4 significantly enhanced cell adhesion to laminin and fibronectin
while concurrently reducing cell migration, with the upregulation of the integrin α4 family
as the underlying cause of these effects, suggesting a potential tumor-suppressive function.
Conversely, cell morphology and proliferation in PDAC cells remained unaffected [26].
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Endogenous FGFR4 levels limit the malignant phenotype of PDAC, primarily by restrain-
ing mTORC1 pathway activity [16]. FGFR4-deficient cells showed increased activity in
the MAPK and mTORC1 pathways. Downregulation of FGFR4 correlated with enriched
PI3K/Akt/mTOR signatures and increased phosphorylation of 4E-BP1, a known mTORC1
substrate linked to cell proliferation [27]. Currently available therapeutic options targeting
the FGF/FGFR-induced signaling cascade mainly include non-selective tyrosine kinase
inhibitors (TKIs), selective TKIs (pan-FGFR, FGFR1/2/3, and FGFR4 inhibitors), mono-
clonal antibodies, and FGF ligand traps [28]. Even considering that the high heterogeneity
of different tumor types significantly influences the efficacy of these drug classes, non-
selective TKIs have generally shown non-significant effects in clinical trials for tumors with
altered FGFR, despite dose-limiting toxicities such as hypertension [28]. Among selective
TKIs, several drugs are in the early stages of trials for solid tumors with FGFR alterations.
AZD4547, Debio-1347, and E7090 are FGFR1/2/3 inhibitors that have shown promising
results in phase I and II studies [29–31]. Robitinib is an FGFR4 inhibitor with available
phase I/II study results [32]. FP-1039 is an FGF ligand trap that has completed phase I
trials [33]. The effectiveness of these drugs varies widely across different types of tumors,
potentially due to tumor heterogeneity.

The identification of potential treatments for patients exhibiting FGFR pathway al-
terations in metastatic pancreatic cancer is of significant importance, given the limited
therapeutic options available and the poor prognosis associated with this disease. In order
to provide a comprehensive picture of treatment against pancreatic cancer with FGFR alter-
ation, this scoping review aims to identify and present the available information concerning
preclinical or clinical study and the results of anti-FGFR (TKI or FGFR-specific inhibitors)
in pancreatic cancer harboring FGFR alterations, and regarding clinical study in terms of
population analyzed, toxicity, and efficacy.

2. Materials and Methods

We prepared and elaborated this document according to the latest review process
proposed in 2022 by the JBI [34], and the preferred reporting items for systematic reviews
and meta-analyses extension for scoping reviews (PRISMA-ScR) checklist for reporting
was used [35]. This scoping was registered prospectively with Figshare as suggested by
JBI [34]: https://doi.org/10.6084/m9.figshare.26001772.

2.1. Research Question

The aim of this research was to identify the presence of available information con-
cerning preclinical or clinical studies and the results of anti-FGFR (TKI or FGFR-specific
inhibitor) in pancreatic cancer harboring FGFR alterations, and regarding clinical studies in
terms of the population analyzed, toxicity, and efficacy.

2.2. Inclusion Criteria

Studies were included if they met the following population, concept, and context
criteria:

Type of participants: We focused on patients with a diagnosis of pancreatic cancer
disease with proven FGFR alteration. Regarding clinical studies, we included patients of
any age and both genders who received various anti-FGFR treatments. We considered
oncological outcomes such as progression-free survival (PFS), overall survival (OS), and
recurrence rates. Articles were also eligible for inclusion if they performed a subgroup
analysis considering the specific population with “FGFR mutation in pancreatic cancer”.
Preclinical studies both in vivo and in vitro focusing on the targeted therapy against FGFR
aberrations in pancreatic cancer were also included.

Concept: We considered any studies that included anti-FGFR treatment, both tyrosine
kinase inhibitors (TKI), or FGFR-specific inhibitors.

Context: The studies focused on a target therapy directed toward dysregulation of
FGFR signaling with aberrant activation of FGFR pathways.

https://doi.org/10.6084/m9.figshare.26001772
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Type of evidence source: This scoping review systematically considered randomized
controlled trials, non-randomized controlled trials, before and after studies, and interrupted
time-series studies. In addition, analytical observational studies, including prospective and
retrospective cohort studies, case–control studies, and analytical cross-sectional studies,
were considered for inclusion. This review also considered descriptive observational study
designs, including case series, individual case reports, and descriptive cross-sectional
studies, for inclusion. Text and opinion papers were also considered for inclusion in this
scoping review. Gray literature was included as long as the research design was clearly
recognizable. There were no date limitations or language restrictions. The reference lists of
retrieved studies were reviewed to identify additional reports of relevant trials.

2.3. Exclusion Criteria

Studies that did not meet the specific above-stated inclusion criteria were excluded.

2.4. Search Strategy

A search was carried out on the online databases PubMed, Embase, Cochrane, Scopus,
Web of Science, EBSCO, Open Dissertation databases, and the CENTRAL registry. An
initial search strategy was launched in PubMed, then the strategy was supplemented and
modified based on the initial results obtained. The search strategy used for PubMed is
reported in the Supplementary Materials, and the strategies used for the other databases
were derived from that for PubMed. Additionally, we included ongoing studies, as well as
studies listed on ClinicalTrials.gov, even if a full publication was not available; the keyword
selected for the conditions was “FGFR”. The search was initially conducted in September
2023 and was updated periodically to ensure the inclusion of the most recent literature.
The most recent search was executed on 1 June 2024.

2.5. Study Selection

After removing duplicates, two researchers independently reviewed the titles and
abstracts of the studies to determine which ones to include. The review process consisted of
two levels of screening using Rayyan QCRI online software: (1) a title and abstract review
and (2) a full-text review. For both levels, two authors independently screened the articles,
with conflicts resolved by a third author. The reasons for exclusion were recorded and
presented in the PRISMA flow diagram (Figure 1).

2.6. Data Extraction

For each outcome, the information from the included texts was extracted into a
dedicated data form. The data form was reviewed by the research team and pretested by
all reviewers before implementation to ensure accuracy. The collected data included the
following information: title; authors; publication year; country in which the study was
performed for the clinical trial; study design; baseline characteristics of enrolled patients,
including performance status, type of anti-FGFR drugs, type of FGFR, concept and context;
and key findings relevant to the scoping review research questions.

2.7. Data Synthesis

The analysis and presentation of results followed the JBI guidelines for scoping reviews.
The results were also displayed using charts and figures. The most effective method for
presenting data was determined based on the findings at the conclusion of the study.

ClinicalTrials.gov
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3. Results

Out of the 1380 studies found during the initial literature search, 73 were included in
the final analysis. The primary reasons for excluding the 742 papers during the screening
phase were the wrong population, wrong drug, wrong publication type, and wrong out-
comes, as detailed in Supplementary Material Table S2 (reason for exclusion). The details
of the excluded studies, along with their references, are also specified in the Supplementary
Materials. A summary of the study selection process is illustrated in the PRISMA flow
diagram (Figure 1).

The majority of studies reported in the literature were preclinical (n = 32): 16 were
clinical studies and 25 were studies from gray literature (Table 1).

Table 1. Population characteristics: (total number of studies = 73).

Variables Numbers of Studies

Type of studies
Preclinical 32

Clinical 16
Gray literature 25

Abstract a 4
Sample size

Only one case 7
1–10 patients 7

>10 2
Included only patients with pancreatic cancer b 5

FGFR alterations
FGFR alteration generic 9

FGFR2 fusion c 4
FGFR 2 amplification/rearrangement 3

Type of drugs
Selective inhibitors pan-FGFR

Erdafinitinib 3
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Table 1. Cont.

Variables Numbers of Studies

Pemigatinib 4
Futibatinib 2

Selective inhibitors FGFR 1/2/3
Lirafugratinib 1
Fexagratinib 2

Monoclonal antibodies
Aprutumab ixadotin 1

FGF ligand traps
FB-1039 1

Non-selective TKIs
Pazopanib 1
Ponatinib 1
Dovitinib 1

Clinical outcomes (primary)
Safety 8

Survival outcomes 1
Efficacy 5

a included in clinical studies; b 2 abstract congress presentation and 3 case reports; c 2 studies reporting cases of
fusion and rearrangement.

Regarding the trials (n = 12), five were phase I studies, two were phase II stud-
ies, one was a phase I/II basket trial, and four were phase II basket trials (references in
Tables S3 and S4 in Supplementary Materials).

The studies selected from clinicaltrial.gov included 25 trials, of which 4 were phase
I studies, 1 was a phase I/II study, 17 were phase II studies, 1 was a phase III study,
and 1 was defined as a post-market study (expanding access program) (NCT numbers in
Supplementary Materials).

3.1. Study Distribution Over Time

The studies were published over a span of 25 years, with an increasing trend in the
number of publications over time. The periods of publication are detailed in Figure 2, with
the majority of studies (18) being published between 2018 and 2022.
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3.2. Preclinical Studies

In the preclinical setting, 32 studies focused on various FGFR alterations in pancreatic
cancer. FGFR1 was the most frequently studied alteration, being the focus of 16 studies,
followed by FGFR2 (8 studies), FGFR3 (1 study), FGFR4 (3 studies), and combinations of
FGFR alterations (4 studies) (references in Table S5 in Supplementary Materials, Table 2,
Figure 3).

Table 2. Numbers of studies dealing in preclinical setting (numbers of total studies = 32).

Variables Numbers of Studies

Period of publication
1998–2002 1
2003–2007 2
2008–2012 3
2013–2017 7
2018–2022 13
Up to 2023 6

Type of FGFR alteration
FGFR1 16
FGFR2 8
FGFR3 1
FGFR4 3

FGFR1-2-3 3
FGFR1-2-3-4 1
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3.3. Clinical Studies

The clinical studies included 16 studies examining FGFR alterations and their impact
on pancreatic cancer treatment. Various selective FGFR inhibitors were investigated, includ-
ing Erdafitinib (three studies), Pemigatinib (four studies), and Futibatinib (two studies), as
well as non-selective TKIs like Pazopanib, Ponatinib, and Dovitinib (one study each). The
studies primarily focused on the efficacy (five studies) and safety (eight studies) of these
treatments, with a smaller subset examining survival outcomes (one study) (references in
Tables S3 and S4 in Supplementary Materials, Table 1).
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3.4. Gray Literature

A total of 25 studies were identified from gray literature, primarily sourced from
clinicaltrial.gov. These studies often included both adult (22 studies) and pediatric popula-
tions (3 studies). The status of these studies varied, with 15 being active but not recruiting,
9 closed or terminated, and 1 approved for marketing (Table 3).

Table 3. Total of studies dealing in gray literature (total studies = 25).

Variables * Numbers of Studies

Gray literature (clinicaltrial.gov) 25
Included patients

Only adult 22
Adult and child 3
Status of Study

Closed, terminated, withdrawn, or unknown 9
Active but not recruiting; recruiting 15

Approved for marketing 1
FGFR alterations

FGFR alteration (generic) 21
FGFR2 expression or overexpression 3

Type of drugs
Selective inhibitors pan-FGFR 11

Non-selective TKIs 1
Phase of study

Phase I 4
Phase I/II 1
Phase II 17
Phase III 1

Post-market 1
Clinical outcomes (primary)

Safety a 6
Survival outcomes b 2

Efficacy a 20
* Source clinicaltrial.gov; a four studies with mixed outcomes with efficacy/safety or part A and part B studies;
b only one study with dedicated survival outcomes.

The studies assessed FGFR alterations generically (21 studies) and specifically FGFR2
expression or overexpression (3 studies). The types of drugs investigated included selec-
tive inhibitors pan-FGFR (11 studies) and non-selective TKIs (1 study) (NCT numbers in
Supplementary Materials).

3.5. Clinical Outcomes

The primary clinical outcomes assessed in the studies included safety, efficacy, and
survival. In the gray literature, 20 studies reported on efficacy, 6 on safety, and 2 on survival
outcomes. Among the clinical studies, eight reported on safety, five on efficacy, and one on
survival outcomes (references in Tables S3 and S4 in Supplementary Materials, Table 1).

3.6. Synthesis of Results

The review identified 73 relevant studies, including 32 preclinical and 41 clinical
studies, focusing on FGFR inhibitors in pancreatic cancer with FGFR alterations. Clinical
studies primarily assessed efficacy, with 20 studies, and safety, with 14 studies, while only a
few focused on survival outcomes. The majority of trials involved adult populations, with
manageable toxicity profiles documented. Ongoing trials are expected to provide more
comprehensive data on the efficacy and survival outcomes of FGFR-targeted therapies in
this patient population.

clinicaltrial.gov
clinicaltrial.gov
clinicaltrial.gov
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4. Discussion

In the present scoping review, we mapped and summarized the current literature
reporting epidemiological data on FGFR inhibitors against FGFR alterations in pancreatic
cancer. Considering the current lack of a comprehensive overview in this field, conducting
a scoping review is the most effective and suitable approach to systematically map the
existing literature and provide a broad understanding of anti-FGFR therapy in pancreatic
cancer with FGFR alterations.

FGFR1 alteration was the most frequently studied FGFR alteration in preclinical
studies, followed by FGFR2, with an increase in evaluations of FGFR4 alterations in the
past four years (Figure 3). The review highlighted the limited number of studies specifically
dedicated to pancreatic cancer, reflecting the relatively low percentage of FGFR alterations
in this cancer type [12]. Various FGFR inhibitors have demonstrated promising efficacy
in clinical settings. Specific inhibitors such as Erdafitinib, Pemigatinib, and Futibatinib
have been evaluated in multiple clinical trials, showcasing significant antitumor activity
in patients with advanced pancreatic cancer harboring FGFR alterations [37–40]. These
studies have reported the Overall Response Rate (ORR) and PFS benefits in a subset
of patients, suggesting that FGFR inhibitors can provide a targeted therapeutic option.
Ongoing clinical trials continue to explore the full potential of these inhibitors, including
their use in combination with other therapeutic agents, to enhance treatment outcomes and
overcome resistance mechanisms.

The safety profiles of FGFR inhibitors have been well documented across several
clinical studies. Common adverse events associated with these agents include hyperphos-
phatemia, stomatitis, fatigue, and gastrointestinal disturbances [33,38,39,41–44]. These side
effects are generally manageable with dose adjustments and supportive care. However,
while the safety data are robust, there is a need for more extensive studies to fully under-
stand the long-term impact of FGFR inhibitors on survival outcomes. Current evidence
suggests that while these agents can provide disease control, their effect on OS remains to
be conclusively determined. The ongoing clinical trials primarily emphasize evaluating the
efficacy of FGFR inhibitors, with a significant number of studies focusing on this aspect.
Notably, two studies have designated survival as the primary outcome, highlighting a
crucial interest in understanding the long-term benefits of these treatments. Therefore,
we anticipate that future results from these trials will provide more comprehensive and
robust data on both the efficacy of FGFR inhibitors and their impact on survival outcomes
in patients with pancreatic cancer.

The promising real-life data from the case reports and case series identified underscore
the potential of FGFR inhibitors in treating pancreatic cancer, despite the relatively low
frequency of FGFR alterations in this disease.

The preclinical studies provided further insights into the significance of FGFR alter-
ations in pancreatic cancer. FGFR1 was the most frequently studied receptor alteration,
being the focus of 16 preclinical studies, followed by FGFR2 (8 studies), FGFR3 (1 study),
and FGFR4 (3 studies). Additionally, combinations of FGFR alterations were investigated
in four studies. These preclinical findings underline the critical role of FGFR1 and FGFR2
in the pathophysiology of pancreatic cancer.

4.1. Research Implications

Given the current landscape of research, our scoping review highlights significant
gaps and challenges in the literature concerning anti-FGFR therapy for pancreatic cancer
with FGFR alterations. While numerous preclinical studies exist, there is a notable scarcity
of clinical trials, most of which have been conducted in recent years. This trend is further
supported by the increasing number of ongoing trials.

Many of these trials have been withdrawn or terminated, often due to issues such as
low enrollment rates or the termination of agreements with drug suppliers. Additionally,
the majority of trials are basket trials, which lack a specific focus on pancreatic cancer,
thereby limiting the generalizability of their findings to this particular patient population.
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Despite the generally unremarkable ORR observed, the few available real-life ob-
servational data indicate significantly promising outcomes. To advance the field, future
research should aim to address these gaps by conducting more targeted trials specifically on
pancreatic cancer, ensuring adequate enrollment, and fostering collaborations to maintain
continuity with drug suppliers. Such efforts will be crucial in enhancing the applicability
and impact of anti-FGFR therapies for patients with pancreatic cancer.

4.2. Strengths and Limitations

This is the first scoping review to encompass such a wide range of studies reporting
on anti-FGFR therapies for pancreatic cancer with FGFR alterations. This review includes
both preclinical and clinical studies, identifying the volume and distribution of the existing
evidence base. We have also mapped the key concepts and research priorities within
this literature.

The strength of this study lies in its methodology. To capture the highest possible
number of relevant studies, we employed a comprehensive search strategy incorporating
various terms. Additionally, the search was conducted across major databases without
any restrictions. In line with the objectives of scoping reviews, the inclusion criteria were
intentionally broad, allowing us to gather findings from diverse sources. Moreover, to
ensure completeness and transparency in reporting, the PRISMA-ScR checklist was utilized.

However, there are some limitations to consider. Firstly, many trials were withdrawn or
terminated, often due to low enrollment or discontinued partnerships with drug suppliers.
Additionally, most of the trials were basket trials, which do not focus specifically on
pancreatic cancer, thus limiting the generalizability of the results to this specific population.
Although we followed a rigorous approach and included various types of publications,
this strategy may have excluded findings from studies addressing other research questions.

5. Conclusions

This scoping review provides a comprehensive overview of the available preclinical
and clinical studies on FGFR inhibitors in pancreatic cancer harboring FGFR alterations.
The results indicate that while there are a substantial number of preclinical studies (32)
exploring the underlying mechanisms and potential therapeutic targets, clinical studies
(41) are still emerging, with a significant focus on drug efficacy (20 studies) and safety
(14 studies). Only a few studies have thus far reported on survival outcomes, highlighting
a gap in long-term efficacy data. These findings underscore the potential of FGFR inhibitors
as a targeted therapy for pancreatic cancer patients with FGFR alterations, despite the
relatively low incidence of these alterations in this cancer type. More extensive research is
needed to better identify the correct genetic drivers and to gather robust data on survival
outcomes. Future studies should focus on optimizing FGFR-targeted therapies, exploring
combination treatments, and validating biomarkers for patient selection to maximize
therapeutic benefits.

In summary, while the current data are encouraging, continued efforts in clinical
research are essential to fully understand and harness the potential of FGFR inhibitors in
pancreatic cancer treatment.
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