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Simple Summary: The aim of this study was to present and analyze the up-to-date literature
describing the epidemiology, genetics, and histopathology of bladder cancer, as well as the latest
methods of bladder cancer treatment. The treatment of urothelial cancer was divided depending on
its stage and advancement. FGFR3 mutations and overexpression occur more frequently in bladder
cancer than any other malignancy, occurring in nearly 80% of the tumors. Closer acknowledgement of
targeted therapy will help physicians to navigate specific groups of patients for whom this treatment
strategy can be beneficial. To that end, intense clinical research was conducted, bringing evidence
for effectiveness and safety of FGFR inhibitors. Recent years of research have truly set a positive
perspective for the better understanding of the complex issue of urothelial carcinoma pathology

and management.

Abstract: Bladder neoplasms, including the most common urothelial carcinoma, have been an esca-
lating problem for years, especially in highly developed countries. Recent decades have brought us
a steadily growing share of this cancer in terms of both morbidity and mortality statistics. Bladder
neoplasms are not only a therapeutic challenge but also an economical one due to the demanding,
costly diagnostics and treatment. The treatment of urothelial cancer can be divided depending on
the stage and advancement; thus, we can distinguish three main categories: non-muscle invasive
bladder cancer, conventionally treated by surgical interventions; muscle invasive bladder cancer,
conventionally treated with chemotherapeutics; and advanced bladder cancer with distant metas-
tases, conventionally treated with the intensive chemotherapy in the MVAC scheme (methotrexate,
vinblastine, doxorubicin, and cisplatin). Recent years have brought a breakthrough: immunotherapy
and targeted therapy were discovered to be beneficial for patients disqualified from chemother-
apy or patients who progressed despite treatment. This literature review summarizes the latest
research into the use of targeted therapy in the treatment of advanced bladder cancer, its benefits,
and its limitations.

Keywords: bladder cancer; fibroblast growth factor receptor; immunotherapy

1. Introduction

In 2020, GLOBOCAN 2020 reported an estimated 19.3 million new cancer cases di-
agnosed worldwide. Among the statistics, bladder cancer (BC) ranks as 10th most often
detected malignancy and is responsible for over half a million cases and two hundred thou-
sand deaths [1]. In Poland, it is prevalent in 6.7% of cases in men and 2% of cases in women,
while also standing as the fifth cause of cancer deaths among men [2]. Worldwide statistics
differ significantly, with BC accounting for 4.5% of cancer cases in men, being classified as
“other cancer” in females and being the ninth cause of cancer deaths in males [1]. However,
there has been a downward trend in the incidence of BC over the last 40 years [3]. The
most common BC is urothelial carcinoma, a cancer derived from the transitional epithelium
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of the urinary tract, which appears in 90% of cases. The remaining 10% of cases consist
of squamous cell carcinoma, accounting for 5%, and other tumors, including sarcomas
and metastases of other neoplasms, accounting for 5% [4]. BC is found mainly in patients
over 50 years of age, and the mean age of the onset in the United States is 73 years [5].
Urothelial carcinoma is most often found in highly developed societies, mainly in Western
and Southern Europe as well as North America. However, in African countries, squamous
cell carcinoma of bladder, associated mainly with the carcinogenic effect of schistosomes, is
prevalent [6-9]. BC incidence has been linked to various risk factors as well as a country’s
level of development expressed in GDP [4]. Several risk factors of BC have been discovered:
tobacco smoking, exposure to arsenic, and exposure to aromatic amines (2-naphthylamine,
4-aminobiphenyl and benzidine) and 4,4’-methylenebis(2-chloroaniline) [10-12]. Out of
those three, smoking is arguably the most important one due to the prevalence of to-
bacco use worldwide. Furthermore, smoking is also responsible for the occurrence of
bladder tumors at an earlier age [13]. Looking at the incidence of urothelial cancer in
developed countries, an obvious conclusion was drawn about its correlation with the
toxins present in the environment, especially the aforementioned aromatic amines and
4,4'-methylenebis(2-chloroaniline) found in both tobacco smoke and several items such as
hair dyes, paints, and fungicides, among others [4,12]. To sum up, BC is a significant medi-
cal and economic problem in highly developed countries. What is more, an appropriate
treatment based on modern immunotherapy and targeted therapy has allowed a significant
extension of patients’ lives and reduction in mortality in recent years [1].

2. Current Treatment Guidelines in Advanced Bladder Cancer

Although the treatment of urothelial cancer largely depends on its clinical stage, the
decision between surgical treatment and pharmacological therapy depends on the type of
neoplasm. Advanced neoplasms infiltrating the bladder muscle usually require radical
cystectomy with a resection of regional lymph nodes [14]. Bladder-sparing treatment is
possible, but it is a significantly more challenging approach requiring much greater in-
volvement of both a multidisciplinary team of specialists and the patient [15]. Despite the
properly performed resection, the risk of recurrence and metastasis in patients with MIBC
is close to 50% due to the presence of micrometastases in the surrounding tissues [16],
which indicates the need to consider additional therapies in advanced forms of this can-
cer. The benefits of using cisplatin in this indication were demonstrated as early as the
1970s [17], while studies from the 1980s brought a breakthrough regarding a significant
downstaging of MIBC and a reduction in the risk of recurrence associated with neoad-
juvant chemotherapy [18]. In total, 5% of patients diagnosed with metastatic BC receive
chemotherapeutic-based treatment as a standard [19]. Advanced urothelial carcinoma is
considered an incurable disease, and the only currently available option for the affected
patients is palliative care [16]. Current state of knowledge supports the use of chemother-
apy in advanced /metastatic disease, providing a reliable symptom relief and a median
survival ranging from 13 to 18 months [14]. Currently, according to the guidelines of the
European Urological Association, ECOG-assessed patients with metastatic disease should
be treated with cisplatin-based chemotherapy. Patients ineligible for cisplatin should re-
ceive immunotherapy (PD-L1 positive patients) or carboplatin (PD-L1 negative patients).
Javelin Bladder 100 showed significant advantage of avelumab as maintenance therapy
post chemotherapy. The primary endpoint was overall survival, which was prolonged to
21.4 months conversely to the control group in which overall survival was 14.3 months [20].
Pembrolizumab is recommended as the second-line treatment of metastatic disease [21].
Treatment with platinum derivatives has for many years remained the standard of care
for patients with advanced urinary carcinoma. Nevertheless, numerous cases not quali-
fying for this therapy prompted further search for the optimal method. We are currently
experiencing the heyday of immunotherapy in the treatment of the urinary bladder, as
evidenced by numerous successful clinical trials, including CheckMate275 and Javelin
Bladder 100. Immunotherapy is directed at the immune checkpoints, currently based on
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PD-L1 inhibitors [22]. Recent years and pathogenetic analyses of urothelial cancer have
also allowed the use of targeted therapy based on FGFR3 inhibitors.

3. An Overview of the Bladder Cancer

BCs rarely have a family background; most of them occur as a result of chronic
irritation and inflammation resulting from exposure to harmful environmental factors [23].
Invasive BCs develop on the basis of precancerous lesions—CIS (carcinoma in situ) or
non-infiltrating papillary urothelial carcinoma. Several concepts for carcinogenesis of
BC have been described, but each of them includes deletions within chromosome 9 and
mutations within the TP53 gene [24]. The basic classification of BC, which determines
the therapeutic approach, includes non-infiltrating cancers—nMIBC (non-muscle invasive
bladder cancer) and infiltrating cancers—MIBC (muscle invasive bladder cancer), with
70% of diagnosed BCs belonging to the nMIBC group [25]. Histological classification of
urothelial carcinoma is complex, but a proper assessment is crucial, as variants of urothelial
carcinoma differ significantly in their level of aggressiveness. Indeed, we can distinguish
the luminal papillary, luminal, luminal infiltrated, basal/squamous, and neuroendocrine-
like variants, all of which demand specific treatment. Essentially, a tumor in one patient
might consist of numerous types of histological weaving [23]. As a result of the increasing
importance of targeted therapies and immunotherapy, research on the genome of urothelial
neoplasm has been recently started. Therefore, the identification of dominant and clinically
significant mutations of the neoplasm has become possible. The Cancer Genome Atlas
study identified 32 statistically significant gene mutations in urothelial carcinoma, with the
majority of them occurring in genes controlling the cell cycle and repair within the cell’s
genome [24]. As discovered, MIBCs are mainly characterized by mutations within the TP53
and RB1 genes [26]. One of the main mutations that influences the clinical approach is a
mutation in the FGFR3 gene. Histological types of bladder cancer have different mutation
profile, which implicates the best therapy depending on the type. The luminal-papillary
subtype presents significant changes in FGFR3, luminal-infiltrated has high expression of
myofibroblast genes and immunological markers. The highest expression of immunological
markers has been found in the basal/squamous subtype [27]. On this note, the knowledge
of specific histological subtype in combination with clinical stage allows us to choose the
best and most suitable treatment for the patient [28].

4. FGFR in Bladder Cancer

Family of fibroblast growth factor receptors (FGFRs) are tyrosine kinase receptors
playing an important role not only in oncogenesis but also in the wild range of cell signal-
ing pathways. From the early stages of embryonic development, they are responsible for
key cellular interactions and functions [29,30]. In classic overview, there are four FGFR
(FGFR1-FGFR4) tyrosine kinases and eighteen FGF ligands that activate them. FGFRs are
formed with three extracellular binding ligand domains, a transmembrane domain, and
an intracellular domain, which is tyrosine kinase [31]. Depending on the tissue extracel-
lular domain D3, it can alternatively be spliced and formatted as epithelial (“b” form) or
mesenchymal (“c” form) [31,32]. Additionally, recent studies indicate the occurrence of
FGFR5/FGFRL1 with unknown function and different morphology [33,34]. Activation
of the receptor is determined by tissue downstream signaling through the RAS-MAPK
and PIBK-AKT pathways’ calcium ions and PKC [35]. Final effects of the pathways are
individual for the cell and include mitogenesis in the MAPK pathway, cell survival in the
PI3K pathway, and mobility in PKC [36] (Figure 1).
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Figure 1. (A) Structure of fibroblast growth factor receptor and main mutations found in advanced
bladder cancer. FGFRs are tyrosine kinase receptors, consisting of a heparin-binding sequence and
immunoglobulin-like extracellular sequence and a hydrophobic transmembrane domain and intra-
cellular tyrosine kinase domain [37]. Most common genetic changes are missense mutations and
FGFR3-TACCS3 fusion, primarily in ligand-binding domains (R248C and 5249C), less frequently in
the transmembrane domain (G370C, S371C and Y373C), rarely in the tyrosine kinase domain [27,37].
Alterations lead to overexpression and hyperactivation of FGER. (B) The FGF signaling pathway.
Ligand binds to an FGFR monomer, which leads to dimerization and intracellular phosphoryla-
tion, resulting in conformational changes. This provides the means to start signaling pathways for
FGFRs. Activated FGFRs phosphorylate FRS2, which opens the way for PI3K, AKT, mTOR, or the
RAS/RAF/MEK/MAPK cascade. Activated FGFRs also phosphorylate JAK kinases, which lead
to STAT activation. FGFRs can also recruit and phosphorylate PLCy, thereby initiating signaling
through the DAG/PKC or IP3-Ca®*. All of those pathways have a crucial role in tumor devel-
opment [25,27,38-40]. FGFRs (fibroblast growth factor receptors), FRS2 (fibroblast growth factor
receptor substrate 2), PI3K (phosphoinositide 3-kinase), AKT (protein kinase B), mMTOR (mammalian
target of rapamycin), MAPK (mitogen-activated protein kinase), JAK (Janus kinase), STAT (signal
transducer and activator of transcription), PLCy (phospholipase C gamma), DAG (dystroglycan),
PKC (protein kinase C), IP3 (inositol trisphosphate).
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5. Fibroblast Growth Factor and Its Receptor in Bladder Cancer

At the base of every carcinogenesis lies various genetic changes depending on the
tumor. Numerous mutations and genome instability enable the formation of mass and
the microenvironment of the tumor. They are distinguished by functional changes [41].
These changes include escaping immune surveillance, avoiding growth inhibitors, and
resisting cell death signals [41]. According to the current state of knowledge, there is a need
to focus on those features whose blocking will enable the effective treatment of the cancer.
Thus, we developed immunotherapy based initially on BCG and now more and more often
on PD-1 and PD-L1 blockade [41,42]. Intensive research on disorders of the genome of
urothelial carcinoma proves the correctness of directing research towards FGFR inhibitors
therapy [43]. Fibroblast growth factor (FGF) belongs to the family of growth factors which,
by binding to fibroblast growth factor receptors 1-4 (FGFR1-4) tyrosine kinases, activates
numerous intracellular processes and pathways. It has been proven that the FGFR enhance-
ment mutation occurs in various cancers, including breast, bladder, and leukemia [44]. FGF
and FGFR are involved in processes such as proliferation, migration, and cell shaping [44].
Various genetic disorders affect the oncogenic function of FGFR, as evidenced by specific
gene amplification, activating mutations, and chromosomal translocations [25,45]. BC is
characterized by one of the most frequent mutations in the FGFR1-4 genes [24,44]. Point
activating mutations in the FGFR3 gene are found in approximately 80% of urothelial
carcinomas [46] and in 15% of MIBC cancers [47]. However, a mutation in the FGFR3
gene appears much more frequently in low-grade tumors [48]. Urothelial carcinomas
and their metastases, in which this mutation was discovered, respond well to targeted
therapy with FGFR3 inhibitors [23]. Mutations in the FGFR3 gene might also be associated
with a better prognosis, especially in nMIBC, where they indicate a lower probability of
progression to MIBC [23]. Currently, comparative studies of various neoplasms clearly
indicate a high percentage of FGFR mutations in BC, although they are not found in other
tobacco-dependent neoplasms, such as lung cancer or esophageal cancer [49]. Moreover,
in urothelial carcinoma, mutations in the chromatin regulatory genes have been detected
significantly more frequently than in any other neoplasm, which indicates a possibility of
new therapeutic directions [24]. Mutation studies of BCs discovered a correlation between
the type of mutation and the stage of the disease: FGFR3 mutations were discovered to
be much more common in low-stage and low-grade cancers, while in advanced cancers
associated with exposure to tobacco smoke, TP53 mutations have been significantly more
frequent [50]. Both wild-type and mutant FGFR3 are expressed on tumor cells, suggesting
that overexpression plays the main role in the tumorigenesis, not particularly the muta-
tion [51]. On the other hand, there is strong evidence that overexpression of wild-type
FGFR3 was correlated with high-stage tumors [52]. The same study questioned mutation
and expression association with tobacco, sex, and age. As a result, no significant correlation
was found [51]. In some studies, there were several cases of different mutations of FGFR3
depending on the precise localization of the tissue. Correspondingly, deeper parts of the
tumor seem to have a more aggressive wild-type of the mutation [53]. There is little evi-
dence about the role of FGFR3 in advanced or metastatic bladder cancer. Most of the data
do not see the correlation as being as strong as in the NMIBC, but expression of the protein
is found in metastatic BC, and some studies suggest finding it both in the primary tumor
and metastases [54]. The exact pathway of bladder cancer carcinogenesis in correlation
with FGFR3 is not established, yet some data showed that FGFR3 mutations suppressed
the inflammatory response in early stages and that further inflammation was corelated
rather with progression than with FGFR3 mutation [55]. At the same time, FGFR3 can
also be used in the diagnosis of recurrent BC in patients with low-stage tumors [26]. As it
appears, FGFR3 mutations are not only limited to targeted therapy in urothelial carcinoma.
Lately, it was indicated that FGFR3 pathways can be correlated with a poor response to
immunotherapy in bladder cancer. This mutation is the most common in the non-inflamed
type of tumors. Accordingly, the activation of the receptor leads in some ways to deac-
tivation of T cells in the microenvironment of the tumor [56]. In addition to resistance
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to immunotherapy, the implicating role of FGFR3 phosphorylation of EGFR in cisplatin
resistance is observed [57]. Then again, the study PURE-01 did not find strong enough
evidence of the FGFR3 mutation in resistance to a PD-1 inhibitor in patients with muscle
invasive bladder cancer [58]. In light of all the studies, we can distinguish the importance
of FGFR3 genetic alterations in bladder cancer. The relative specificity, multidirectional
research, and the role of FGFR in BC initiated studies focused on the treatment of BCs
with FGFR inhibitors. As of now, the only drug in this group currently approved by the
FDA is erdafitinib used in patients with advanced BC. Apart from erdafitinib, other FGFR
inhibitors such as pemigatinib, rogaratinib, infigratinib, derazantinib, futibatinib, dovitinib,
nintedanib, vofatamab, anlotinib, debio 1347, BIBF-1120, and AZD4547 are being actively
researched and developed [16] (Table 1).

Table 1. FGFR inhibitors in urothelial carcinoma, currently under clinical trial or marked.

Medication Target Population Phase Comedication NCT
Marked n.a. NCT02365597
Erdafitinib FGFR1-3 FGFR2/3 mutation or fusion
Ib/1I Cetrelimab NCT03473743
e FGF or FGEFR alteration platinum ineligible, n.a. NCT02872714
Pemigatinib FGFR1-3 . il B
FGFR3 mutation or rearrangement Pembrolizumab NCT04003610
High FGFRI or 3 expression 1/111 n.a. NCT03410693
Rogaratinib FGFR1-4 cisplatin ineligible
High FGFR1 or 3 expression IB/II Atezolizumab NCT03473756
Infigratinib FGFR1-3 Altered FGFR3 111 n.a. NCT04197986
Any solid tumor and disease
progression/ At least one I/1 na. NCT02052778
FGF/FGFR mutation
Futibatinib FGFR1-4 Advanced /metastatic cancer with Gemcitabine/
FGFR2 aberration IH Cisplatin NCT04093362
Advanced /metastatic urothelial
carcinoma with or without I Pembrolizumab NCT04601857
FGFR mutation
- Urothelial carcinoma both with mutant
Dovitinib FGFR1-3 FGER3 and wild-type FGFR3 I n.a. NCT00790426
Vofatamab FGER3 Stage IV locall‘y advanced/ metastatic Ib/11 Docetaxel NCT02401542
urothelial carcinoma, FGFR3 mutation I Pembrolizumab NCT03123055
Derazantinib ~ FGFR1—4  -ocally advanced/metastatic solid tumor 1y na. NCT01752920

with FGFR aberration

FGF (fibroblast growth factor); FGFR (fibroblast growth factor receptor); n.a. (not applicable).

6. Drug-Evaluating Studies
6.1. Erdafitinib

Erdafitinib (JNJ-42756493), an FGFR1-3-inhibitor, is the first drug of this group ap-
proved as a treatment option in urothelial cancer. It is registered for use in patients
with locally advanced or metastatic urothelial cancer susceptible to genetic changes in
FGFR3 or FGFR2 who progressed during or after platinum chemotherapy, including within
12 months after platinum-containing neoadjuvant or adjuvant chemotherapy [59]. The
oral inhibitor showed a strong and dose-dependent antitumor effect in cell cultures [60].
Currently, many clinical trials are being conducted involving erdafitinib. One of them,
described by Loriot et al., is a phase II trial evaluating the efficacy and safety of this agent
in patients diagnosed with inoperable or metastatic urothelial carcinoma [59]. The study
required them to have disease that was measurable according to the criteria for evaluating
solid tumor response (RECITS 1.1) at the beginning of the process and adequate kidney,
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liver, and bone marrow function, as well as performance status as assessed by ECOG (East-
ern Cooperative Oncology Group) less than or equal to 2. Disease progression, as assessed
by RECIST 1.1, subsequent to prior chemotherapy, was also a prerequisite [59]. The study
also included so-called “chemoresistant participants” who were selected by researchers
based on their progression in RECIST 1.1 criteria 12 months after the last treatment dose.
Patients with disease progression according to RECIST 1.1 and treated with anti-PD-1/PD-
L1 antibodies were also qualified. The primary endpoint of the study was the proportion of
participants with the best overall response (time frame—1 year), defined as the proportion
of participants with measurable changes who achieved a complete response (CR) or partial
response (PR) based on the response assessment criteria for solid tumors in version 1.1
(RECIST v1.1). Secondary endpoints, apart from treatment effectiveness, also include its
safety. The secondary endpoints were progression-free survival (assessed up to 5 years); du-
ration of response, as defined by the earliest date the participant obtained CR or PR; overall
survival (OS); and number of participants with adverse events (AE) and serious adverse
events (SAE). The percentage of biomarker-positive patients (the presence of circulating
biomarkers—DNA, RNA or proteins associated with FGFR aberrations) was also assessed.
The safety profile was assessed based on secondary endpoints—plasma erdafitinib con-
centration, plasma erdafitinib clearance, and volume of distribution of erdafitinib. At the
same time, a study focused on the interaction of erdafitinib with other DDI preparations
was carried out, investigating drugs strongly influencing enzyme metabolism: midazolam,
which is a sensitive cytochrome P450 substrate, and metformin, as a substance strongly
activating cationic transporters. As secondary endpoints of the study, the interaction was
tested with the concentration of midazolam and its metabolites as well as with metformin.
Preliminary results of the clinical trial revealed that the use of erdafitinib in patients with
FGEFR changes was associated with an objective response (OR) in 40% of patients. The
median progression-free survival (mPFS) was 5.5 months, and the median overall survival
(mOS) was 13.8 months. Response rates were similar regardless of the patients’ previous
treatment regimens but also regardless of characteristics such as age, gender, and assess-
ment of renal function. In total, 46% of patients reported treatment-related serious adverse
events; the most common adverse events (AEs) in this group were hyponatremia, asthenia,
gastritis, hyperphosphatemia, and dry mouth. A total of 21% developed retinopathy asso-
ciated with FGFR inhibitors. In 77% of patients, hyperphosphatemia was reported, which
results from the mechanism of FGFR inhibitors and is the most common AE, yet frequency
decreased during treatment. Hyperphosphatemia is associated with FGFR1, a key factor
in phosphate homeostasis. The main cause of this is the inhibition of renal excretion of
phosphate—and moreover, an inhibition of FGFR23—which leads to increased levels of
vitamin D, which retrenches phosphate [61]. Most of the side effects from treatment were
transient and resolved after dose reduction or adjustment of erdafitinib. Based on the
results, we can conclude that erdafitinib has significant antitumor effects in patients with
advanced urothelial carcinoma and specific changes in the gene for FGFR. Taking into
account the emerging adverse events and treatment benefits, we can confidently say that
regardless of the previous treatment, therapy with erdafitinib has a positive effect on the
treatment of patients. Based on this clinical study (NCT02365597), the FDA approved
erdafitinib for the treatment of adult patients with metastatic urothelial carcinoma and
significant gene changes in FGFR3 or FGFR2.

Alifrangis et al. described a phase III study focused on the efficacy of erdafitinib
compared with vinflunine, docetaxel, or pembrolizumab in patients with advanced BC
with selected FGFR gene aberrations who have progressed despite one or two stages of
treatment (including one with steps that had to include anti-PD-L1 immunotherapy) [62].
Patients with histologically confirmed urothelial carcinoma requiring a change in treatment
due to the disease progression and with appropriate genetic profiles and organ function
(kidneys, liver, bone marrow) were eligible for the study [62]. The primary endpoint of the
study was overall survival (OS) within approximately 3 years [62].
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6.2. Pemigatinib

Described in a 2017 phase II study, FIGHT-201 sought to evaluate the efficacy and
safety of pemigatinib in patients with advanced urothelial carcinoma [63]. Researchers
aimed to assess the overall response rate (ORR) of pemigatinib monotherapy in patients
with advanced or inoperable cancer and appropriate FGFR3 aberrations [63]. Three pa-
tient cohorts were established to test the optimal mode of administration (intermittent
dose/continuous dose) [63]. Adult patients with histologically documented urothelial
carcinoma, changes in the FGFR3 gene, and radiologically measurable tumors according
to RECIST 1 were enrolled in the study [63]. The primary endpoint of the study was
ORR in patients with FGFR3 mutations based on RECIST 1.1 [63]. Secondary endpoints
included the safety and tolerability of pemigatinib based on the frequency, duration, and
severity of adverse events; ORR measuring the efficacy of pemigatinib in patients with
advanced /metastatic or unresectable urothelial carcinoma with different molecular subsets;
mPFS from RECIST 1.1; and duration of response (days from first documented response to
disease progression or death) [63]. ORR was 25%, and the observed adverse events were
diarrhea, fatigue, and alopecia in both studied cohorts, while hyperphosphatemia was
observed in more than half of the patients [63]. The FIGHT-205 study is also currently being
conducted, taking into account pemigatinib monotherapy compared with combination
therapy with pemigatinib and pembrolizumab in a given indication [64].

6.3. Rogaratinib

Rogaratinib is a strong and selective FGFR inhibitor, which has already been proven
to exhibit significant antitumor activity in several in vitro studies focused on BC, lung
cancer, or head and neck cancers [65]. Currently, to confirm these observations, many
clinical trials are being conducted, including the FORT-1 study comparing rogaratinib with
chemotherapy in FGFR positive patients with advanced urothelial carcinoma [66]. Patients
with histologically proven urothelial carcinoma whose tumors were FGFR-1 or FGFR-3
positive and who had received at least one course of platinum-based chemotherapy in
the past and whose disease had progressed were enrolled in the study [66]. The primary
endpoints of the study were ORR; secondary endpoints were mPFS and the incidence
of adverse events reflecting safety [66]. The evaluation time frame was up to 45 months.
ORR was 19.5% and 19.3% (p = 0.56), mPFS was 2.7 (95% CI) and 2.9 (95% CI) months
with rogaratinib and chemotherapy, respectively [66]. Grade 3—4 AEs were observed in
47% of subjects with rogaratinib and 56% with chemotherapy [66]. In addition, among
FGFR-3 positive patients, ORR values for rogaritinib and chemotherapy were 52.4% and
26.7%, respectively [66]. FORT-2 additionally extends the scope of research on rogaratinib,
checking the use of the preparation together with atezolizumab in patients disqualified from
receiving platinum chemotherapy. The initial research results are extremely promising [67].

6.4. Infigratinib

Oral infigratinib is undergoing a clinical trial as adjuvant therapy in patients with
invasive urothelial carcinoma harboring susceptible FGFR3 alterations—PROOF 302 [68].
Patients in this study show a high risk of disease recurrence with operation alone, are
ineligible for cisplatin adjuvant therapy, or show residual disease after chemotherapy [68].
Infigratinib at the dose of 125 mg was compared with placebo. The primary endpoints
of the study were disease-free survival (DFS) centrally reviewed, analyzed via stratified
log-rank test, Kaplan—-Meier method (Brookmeyer-Crowley CI), and Cox model (hazard
ratio) [68]. The primary endpoints include safety and tolerability of therapy and OS [68].

6.5. Futibatinib

Futibatinib (TAS-120) is a highly selective FGFR1—4 inhibitor under ongoing trial in
patients with various malignant tumors. Lately, some positive results in cholangiocarci-
noma treated with TAS-120 have been found. A first-in-human trial, FOENIX-1, enrolled
86 patients with FGFR aberrations to evaluate the safety of the substance. The trial enabled
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the definition of a 20 mg daily dose, and the most common treatment-emergent adverse
(TEAESs) events were hypophosphatemia, diarrhea, and constipation; as for antitumor
activity, 41 patients experienced stable disease and 5 of them a partial response [69]. The
FOENIX-CCAZ2 phase II trial was focused on patients with advanced solid tumors, includ-
ing urothelial carcinoma, who progressed after first-line therapy and harbored the FGFR2
mutation. The primary endpoint was objective response rate (ORR) based on independent
radiology review. The drug safety profile was also examined. The ORR was 34.3% and
even one patient achieved complete response (CR) after a follow-up PFS of 7.2 months was
achieved. The most common adverse event was hyperphosphatemia manageable with diet
and medications [70]. Other studies have started recently and, according to the available
data, are still ongoing. The FOENIX-CCAS3 phase IlI trial is focused on patients with cholan-
giocarcinoma and FGFR2 gene mutations. The study aims to compare an FGFR inhibitor
with chemotherapy based on gemcitabine and cisplatin. The primary endpoint is PFS,
while secondary endpoints are ORR, OS, and safety (NCT04093362). Another current study
concerns a combined futibatinib therapy with pembrolizumab in advanced or metastatic
urothelial carcinoma (NCT04601857). The aim is to evaluate safety and antitumor activity
in this combination, especially in light of PD-1 resistance in specific tumor samples. The
primary outcome is objective response rate, and the secondary outcome measures are PFS,
OS, and adverse events. Both FGFR mutant and wild-type patients are included.

6.6. Dovitinib

Dovitinib is an FGFR1-3 inhibitor with less effect on FGFR4. By occupying the ATP-
binding region, dovitinib stops the downregulation of FGFR pathways. Recently, the phase
II trial of dovitinib in patients with progressive advanced urothelial carcinoma was ongoing.
Patients included had FGFR-3 mutated or wild-type cancer, and all of them progressed
on platinum-based or combined therapy. The trial was terminated because of the ORR
not meeting criteria to continue. Despite being well tolerated and potentially advisable in
tumors with this mutation, dovitinib did not show sufficient activity [71].

6.7. Derazantinib

We are currently experiencing the heyday of modern anticancer therapies. The meth-
ods developed in recent years have brought a breakthrough after almost thirty years
of classic chemotherapy, radiotherapy, and surgical treatment. In the last decade, the
pathogenetic mechanisms of UC have also been thoroughly investigated [24,71]. The new
approaches assume penetrating inside the cell and stopping the neoplastic process at its
base at the stage of mutating the genome of a single cell. The first and main method of
treating urothelial cancer to this day remains therapy based on platinum derivatives [25].
It is impossible to forget about the intensively developing immunotherapy of bladder
cancer, which currently offers hope for patients resistant to chemotherapy and patients with
absolute contraindications to the use of platinum-based agents [72]. Currently, targeted
therapies are within the therapeutic range, including FDA-approved erdafitinib used in the
treatment of advanced bladder cancer after platinum treatment progression [60]. Intensive
clinical trials also prove the effectiveness of other preparations in this indication. Compar-
ing targeted therapy with chemotherapy has often shown its safe nature and few adverse
events associated with the treatment. The most severe complication of this therapy seems
to be retinopathy, which must be addressed in further clinical trials in order to determine
safe doses of targeted therapy. The effectiveness of FGFR inhibitors has been proven in
various neoplasms in which a mutation of a given gene has been found. However, it is
imperative to extend the research to tumors without mutations and to evaluate the efficacy
of targeted therapy in combination with immunotherapy. The first clinical trials show only
the effectiveness of interfering with the tumor by these preparations; it seems necessary
to precisely determine the optimal method, dose, and duration. We believe that currently
available data serve as a rationale for a therapy composed of novel, targeted therapies in
combination with currently established medication. Undoubtedly, this is an impressive
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step forward in understanding the mechanism of tumor growth and stopping it locally,
without interfering with the overall well-being of the patient.

6.8. Vofatamab

Vofatamab (B-701) is a novel monoclonal antibody specific for FGFR-3 used in trials
with stage IV locally advanced or metastatic urothelial carcinoma. Patients with histo-
logically proven urothelial carcinoma whose tumors were FGFR-3 positive and who had
received at least one course of platinum-based chemotherapy in the past and whose disease
had progressed were enrolled in the phase Ib/II study showing efficiency of vofatamab
with or without docetaxel (FIERCE-21) [73]. The primary endpoint of the study was PFS,
and the evaluation time frame was 3—4 years. Safety and dose were determined. Phase
Ib showed that vofatamab was well-tolerated with expected myelosuppression [74]. Ma-
jor activity was seen in patients with mutant FGFR-3 compared with wild-type patients.
Significant AEs were asthenia, diarrhea, and flushing. Unlike other FGFR inhibitors, no
hyperphosphatemia was reported since vofatamab has a different mechanism of action [75].
In the phase Ib/II FIERCE-22 study, patients received vofatamab with pembrolizumab, and
ORR was 36% overall; furthermore, biopsies were conducted and showed that treatment
induced immunological changes with inflammatory response [76]. As for now, data are still
limited, but the above mentioned trials showed promising results. The key finding seems
to be the elimination of the main AE, which in other inhibitors was hyperphosphatemia.

7. FGFR Resistance and Further Directions

The major drawback in achieving therapeutic success is targeted drug resistance. In
most cases, it is acquired resistance, which means resistance that occurred during treatment.
It can be associated with the selection of existing favorable alterations, acquisition of new
mutations, modification of the target, or engaging another survival factor [76-80]. Beyond
that, the tumor microenvironment can affect tumor cell survival during treatment [81].
In FGFR-mutated leukemia, activating the V561M mutation in the FGFR1 kinase domain
and inactivation of PTEN resulted in resistance to both FGFR inhibitors and nonspecific
inhibitors such as AZD4547, BGJ398, ponatinib, TKI258, and E3810 [82]. Simultaneously,
mutation of gatekeeper residue (V555M) of FGFR3 can be the reason for resistance, as
shown in human tumor cell lines [83]. FGFR signaling is a part of many pathways and
is shared by many tyrosine kinases, including EGFR and VEGFR, which allows a tumor
to escape from targeted treatment via enhancement of the remaining mechanisms [84].
Screening of urothelial carcinoma cell line RT112 (FGFR3-TACCS3 translocation) displayed
PI3K, PI3K-protein kinase B, or EGFR pathway as the cause of resistance [85]. The highly
sensitive for FGFR inhibitors lung cancer cell lines DMS114 and H1581 consistently showed
vitality despite the targeted treatment, which suggested the existence of a resistant sub-
population. After the research was completed, the sustained MAPK pathway activation
was specified to be the cause of resistance [86].

A crucial need for the future is finding a solution for overcoming the resistance.
In vitro assays indicated that sulfated polysaccharide of Sepiella maindroni ink overcomes
resistance by decreasing AKT phosphorylation and downregulating CDK4, MMP2, and
Bcl-2, causing a reduction in cells’ viability and migration [87]. Both in vitro and in vivo
studies showed that the new third-generation FGFR1 inhibitor GZD824 overcomes FGFR1-
V561F /M mutant resistance, which is strong evidence of the benefit for patients who did
not respond to older generations of inhibitors [88]. In light of that information, we believe
that more research is needed.

8. Conclusions

We are currently experiencing the heyday of modern anticancer therapies. The meth-
ods developed in recent years have brought a breakthrough after almost thirty years
of classic chemotherapy, radiotherapy, and surgical treatment. In the last decade, the
pathogenetic mechanisms of UC have also been thoroughly investigated [24,71]. The new
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approaches assume penetrating inside the cell and stopping the neoplastic process at its
base at the stage of mutating the genome of a single cell. The first and main method of
treating urothelial cancer to this day remains therapy based on platinum derivatives [25].
However, this kind of systemic treatment has prospective alternatives, fit both for the pur-
pose of first- and second-line treatment, including intensively developing immunotherapy.
In the case of bladder cancer, immunotherapy currently offers hope for patients who are
resistant to chemotherapy and those with absolute contraindications to the use of platinum-
based agents [72]. Targeted therapies are also within the therapeutic range, including
FDA-approved erdafitinib, which is used in the treatment of advanced bladder cancer after
platinum treatment progression [60]. Intensive clinical trials also prove the effectiveness of
other preparations in this indication. Targeted therapy, compared with chemotherapy, has
often shown a better safety profile and fewer adverse events associated with the treatment.
Hyperphosphatemia conventionally occurring during treatment can be extruded through
the use of novel, more specific inhibitors that reduce the side effect profile. The most severe
complication of this therapy seems to be retinopathy, which must be addressed in further
clinical trials in order to determine safe doses of targeted therapy. The effectiveness of FGFR
inhibitors has been proven in various neoplasms in which a mutation of a given gene has
been found. However we still face limitations, such as therapy resistance [88-90]. In light
of that, it is imperative to extend the research to tumors without mutations and to evaluate
the efficacy of targeted therapy in combination with immunotherapy. The first clinical trials
show only the effectiveness of interfering with the tumor by these preparations; it seems
necessary to precisely determine the optimal method, dose, and duration. We believe that
the currently available data serve as a rationale for a therapy composed of novel, targeted
therapies in combination with currently established medication. Undoubtedly, this is an
impressive step forward in understanding the mechanism of tumor growth and stopping it
locally, without interfering with the overall well-being of the patient.
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