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ABSTRACT

Dysregulated fibroblast growth factor receptor (FGFR) signaling is
associated with several cancers, including urothelial carcinoma.
Preclinical studies with FGFR inhibitors have shown significant
antitumor activity, which has led to clinical evaluation of multiple
FGFR inhibitors. Recently, erdafitinib was approved by the
U.S. Food and Drug Administration for advanced urothelial

carcinoma with FGFR gene alterations as the first molecularly
targeted therapy. Additional ongoing clinical trials with other
types of FGFR inhibitors have shown encouraging results. This
review summarizes the oncogenic signaling of FGFR alterations,
completed and ongoing clinical trials of FGFR inhibitors, and resis-
tance patterns. TheOncologist 2020;25:e1711–e1719

Implications for Practice: Dysregulated fibroblast growth factor receptor (FGFR) signaling is associated with several cancers,
including urothelial carcinoma. Preclinical studies with FGFR inhibitors have shown significant antitumor activity, which has led
to clinical evaluation of multiple FGFR inhibitors. Most recently, erdafitinib was approved by the U.S. Food and Drug Adminis-
tration for advanced urothelial carcinoma with FGFR gene alterations as the first molecularly targeted therapy. Additional
ongoing clinical trials with other types of FGFR inhibitors have shown encouraging results. This review summarizes the onco-
genic signaling of FGFR alterations, completed and ongoing clinical trials of FGFR inhibitors, and resistance patterns.

INTRODUCTION

In the U.S., bladder cancer is the fourth most common malig-
nancy in men, and urothelial histology is the most common
subtype [1]. Platinum-based chemotherapy and checkpoint
inhibitors are standard palliative treatment options for meta-
static disease. Despite clinical responses with these agents,
outcomes are poor. Genomic alterations with constitutive
activation of fibroblast growth factor receptors (FGFRs) lead-
ing to carcinogenesis are seen in about 20% of patients with
advanced urothelial cancer; thus, the exploration of novel
targeted therapeutics [2].

FGFRs are a group of transmembrane receptor tyrosine
kinases that bind to fibroblast growth factor (FGF) ligands
and are involved in cell proliferation, differentiation, and
growth, as well as migration and selective apoptosis during
embryogenesis and angiogenesis (Fig. 1) [3]. These recep-
tors share similar phylogenetical structures with vascular
endothelial growth factor receptors (VEGFRs) and platelet-

derived growth factor receptors [4, 5]. Four distinct trans-
membrane receptors (FGFR1–4) constitute the FGFR family,
and a fifth receptor (FGFRL1) with no intracellular tyrosine
kinase activity also binds to FGFs [6]. FGFRL1 is known to
promote cell differentiation and has a negative effect on
cell proliferation [7].

The structure of FGFR is composed of three distinct
domains: an extracellular domain, a single-pass transmem-
brane domain, and an intracellular tyrosine kinase domain
[8]. The extracellular domain contains the FGF-binding site
and has three immunoglobulin (Ig)-like domains, designated
D1–D3 (D2–D3 forms the ligand-binding domain), and an
acid box that connects D1 and D2. A single-pass transmem-
brane protein facilitates signal transduction to the intracel-
lular tyrosine kinase domain. Binding of FGF to the FGFR
leads to receptor dimerization and autophosphorylation
of the tyrosine residues and downstream activation of
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multiple transduction pathways that include RAS-dependent
mitogen-activated protein kinase (MAPK) signaling, PI3K/AKT,
PLC-γ, and STAT cascade [8]. Four different genes encode the
FGFR family, and because of alternative splicing, a spectrum
of isoforms that differ in ligand-binding specificity have been
identified.

CARCINOGENIC FGF-FGFR SIGNALING
Dysregulated FGFR signaling with activation of downstream
signal transduction pathways can occur via FGFR gene alter-
ations, increased FGF, leading to autocrine and paracrine
signaling, and epithelial-mesenchymal transition [9]. This
dysregulated activation of FGFR leads to oncogenesis and
cancer progression [10]. The common genomic alterations
leading to FGFR activation include point mutations, gene
amplification, gene rearrangements, and fusions [9].

In urothelial carcinoma, FGFR3 alterations have been docu-
mented in nearly 60% of low-grade noninvasive papillary
urothelial carcinoma of the bladder [11] and 26.7% of overall
urothelial carcinoma [12]. The incidence in upper tract high-
grade urothelial cancer is 35.6% [13]. Of the FGFR3 alterations
seen in patients with urothelial cancer, base substitutions are
most common (84%) [14]. S249C, the most common mutation
in bladder urothelial cancer, affects the extracellular domain,
stabilizing receptor dimerization, and eventually leads to
downstream signal transduction [11, 15]. Other notable muta-
tions commonly observed are R248C, Y375C, G372C, and
N542S [16–18]. FGFR3-FGFR3-TACC3 fusion is a common
fusion. This fusion protein is formed by tandem duplication on

chromosome 4, resulting in fusion of the FGFR3 gene with
transforming acidic coiled-coil containing protein 3 (TACC3).
Other fusion proteins are FGFR3-TNIP2, FGFR1-NTM, and
FGFR3-JAKMIP1. FGFR1, FGFR2, and FGFR4 are also altered, to
a lesser degree, in urothelial carcinoma, where copy number
variation and point mutation are the usual forms of alteration.

The presence of these carcinogenic, activating gene
alterations provide a novel therapeutic opportunity for the
evaluation of selective FGFR inhibitors in urothelial malig-
nancies (Table 1).

INFIGRATINIB
Infigratinib is an oral, selective, ATP-competitive FGFR 1–3
tyrosine kinase inhibitor. In a phase I clinical trial, the safety
and antitumor activity of infigratinib were evaluated in
132 patients with solid tumors [19]. In the dose-expansion
phase of the study, patients were selected based on FGFR
gene alterations, of whom 9.1% had urothelial cancer. Based
on a better side effect profile, the 125 mg dose given on a
3-weeks on/1-week off schedule was recommended for
phase II studies. In the FGFR3-mutated urothelial cohort, the
overall response rate (ORR) was 38%, and 75% achieved dis-
ease control [19].

Based on the phase I trial, Pal and coworkers studied
infigratinib in 67 patients with metastatic urothelial carci-
noma (UC) and prespecified FGFR3 alterations [20]. Most
patients had received prior antineoplastic therapy. Overall,
17 patients (25.4%) achieved partial (PR) or complete
response (CR), and progressive disease was seen in 16

Figure 1. FGFR receptor and signaling with targets of FGFR inhibitors.
Abbreviation: FGFR, fibroblast growth factor receptor.
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patients (23.9%). Interestingly, 8 out of 67 patients with
upper tract UC (UTUC) achieved 100% disease control (1 CR,
3 PR, and 4 stable disease) [21]. With the caveat of a small
cohort, this differential response was attributed to a differ-
ent FGFR mutation pattern compared with bladder UC. The
median progression-free survival (PFS) and overall survival
(OS) were 3.75 and 7.75 months, respectively. About 68.7%
of patients developed grade 3/4 adverse events including
hyperlipasemia, hypophosphatemia, palmar-plantar erythro-
dysesthesia, fatigue, and anemia. Cell-free DNA testing for
FGFR gene alterations on therapy revealed four patients
developed FGFR3 gatekeeper resistance mutations, such as
V443L, V443M, and L496V. There were no novel recurrent
mutations in 22 patients who had disease progression while
on treatment. There was an association with decreased
FGFR3 allele fraction in patients who were on infigratinib for
longer duration and a greater decrease in tumor size in com-
parison with baseline. A phase III clinical trial is currently
evaluating infigratinib in patients with UTUC or bladder UC
after surgery in the adjuvant setting (NCT04197986) [21].
Another early phase study is evaluating infigratinib before
surgery for patients with UTUC to make the surgical proce-
dure easier and/or less extensive (NCT04228042).

ERDAFITINIB

Erdafitinib is an oral, potent FGFR 1–4 tyrosine kinase inhibi-
tor. The antitumor activity of erdafitinib was evaluated in a
phase II clinical trial in patients with unresectable or meta-
static urothelial cancer harboring a prespecified FGFR3 muta-
tion or FGFR2/3 fusion [22]. In the early part of the study,
patients were randomized 1:1 to receive an intermittent or
continuous dose of erdafitinib. Subsequently, the continuous
8 mg daily dosing was chosen for further evaluation. In the
continuous dosing group, 99 patients were started at an
8 mg dose, of which 41 patients had dose escalation to 9 mg
on day 14, as there were no significant adverse events and
phosphate level was <5.5 mg/dL. Eleven patients were treat-
ment naive, and the rest had received at least one line of
therapy. The investigator-assessed ORR was 40% (95% confi-
dence interval [CI], 31–50). Thirty-six (49%) of 74 patients
with FGFR3 mutations had a response, and 4 patients (16%)
of 25 with FGFR 2/3 fusion had a response. Of the 22 patients
who received prior immunotherapy, the response rate was
59% with erdafitinib. After a follow up of 2 years, the median
PFS was 5.5 months (95% CI, 4.2–6.0), and the median OS
was 11.3 months [23]. The most common treatment-related
adverse events (AEs) included hyperphosphatemia (77%),
stomatitis (58%), diarrhea (50%), and dry mouth (46%) [22].
Grade 3–4 AEs included hyponatremia (11%), stomatitis
(10%), and asthenia (7%). Central serous retinopathy, an
adverse effect associated with FGFR inhibitors, was seen in
21% of patients, of which 3% were grade 3. Most of these
side effects were reversible with dose interruption or reduc-
tion. Biomarkers of primary or secondary resistance to
erdafitinib were not reported. Based on this efficacy data,
the U.S. FDA granted accelerated approval for erdafitinib in
adult patients with metastatic UC with susceptible FGFR3 or
FGFR2 genetic alterations [24].

In a phase Ib/II clinical trial (NORSE study), the safety
and antitumor activity of erdafitinib in combination with
cetrelimab (an IgG4 anti–programmed cell death protein
1 [PD-1] inhibitor) was evaluated in patients with metastatic
urothelial harboring susceptible FGFR2/3 alternations [25].
Patients were enrolled after progression on one or more
lines of therapy including platinum-based chemotherapy. Of
the 15 patients enrolled in the study, no dose-limiting toxic-
ities were noted. Ten patients experienced grade 3 AEs.
Three patients had serious unrelated AEs, which lead to
death in two patients. The combination of erdafitinib (8 mg
with uptitration to 9 mg) with cetrelimab was deemed safe
for further evaluation. In the seven patients treated with
the recommended phase II dose, ORR was 71%. This combi-
nation is further evaluated in a randomized phase II clinical
trial (NCT03473743).

A randomized, phase II study is ongoing to further evalu-
ate the efficacy of erdafitinib in comparison with vinflunine,
docetaxel, or pembrolizumab in patients with advanced
urothelial cancer with FGFR gene aberrations (NCT03390504).
The efficacy of erdafitinib in comparison with intravesical
chemotherapy is also currently being evaluated in high risk,
BCG refractory, nonmuscle invasive bladder cancer with FGFR
gene alterations (NCT04172675).

PEMIGATINIB

Pemigatinib is a potent, oral, selective inhibitor of FGFR1–3.
Necchi and colleagues presented an interim analysis of phase
II clinical trial (FIGHT-201) in patients with advanced or meta-
static urothelial cancer who previously progressed on one or
more lines of therapy or are platinum ineligible [26]. Sixty-four
patients with FGFR3 mutation or fusion were assigned to
cohort A, and 36 patients with other FGF/FGFR genetic muta-
tions were assigned to cohort B and received pemigatinib.
ORR was 25% (95% CI, 14%–40%), including unconfirmed PR
in cohort A, and one patient had unconfirmed PR with FGF10
amplification. The common treatment-related adverse events
included diarrhea, alopecia, fatigue, and constipation. Hyper-
phosphatemia was observed in 68% and 64% in cohort A
and B, respectively. The efficacy of pemigatinib in combination
with pembrolizumab is compared with the standard of care
chemotherapy or immunotherapy in patients with cisplatin-
ineligible urothelial cancer in a current phase II randomized
study (FIGHT-205, NCT04003610).

ROGARATINIB

Rogaratinib is an oral, potent, selective FGFR1–4 inhibitor.
Preclinical studies showed response to rogaratinib corre-
lated with high FGFR mRNA expression in tumors [27].

Schuler and colleagues conducted a phase I dose-
escalation and dose-expansion trial in patients with urothelial
carcinoma, head and neck squamous cell cancer, non-small-
cell lung cancer, and other solid tumor types [28, 29]. In the
dose-expansion phase, among all patients with FGFR mRNA-
positive tumors treated with rogaratinib, 74 had urothelial
carcinoma. In the entire cohort, 15 patients (15%) had an
objective response (OR; 95% CI, 8.6–23.5), and 10 of
15 (67%) patients with FGFR mRNA-overexpressing tumors

© 2020 The Authors.
The Oncologist published by Wiley Periodicals LLC on behalf of AlphaMed Press.
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without FGFR genetic alteration had an OR. In the urothelial
cancer cohort, 20.8% had an OR, with one patient achieving
CR. The disease control rate was 68.1%. The most common
adverse events were hyperphosphatemia, diarrhea, and
decreased appetite. The most common grade 3 or greater
AEs were fatigue, increased lipase, dyspnea, anemia, and uri-
nary tract infection. In the urothelial cancer cohort, elevated
creatinine of any degree was seen in 64% of patients, includ-
ing one patient who had transient acute tubular necrosis,
which resolved with dose interruption and reduction.

The FORT-1 study evaluated the efficacy of rogaratinib in
comparison with chemotherapy (docetaxel, paclitaxel, or
vinflunine) in patients with metastatic urothelial cancer who
received prior cisplatin-based chemotherapy [30]. Patients
were selected based on either FGFR1,3 mRNA over-
expression and/or FGFR-3–activating mutations or transloca-
tions. Of the 175 patients enrolled in the study, 87 received
rogaratinib, and the remaining were randomized to receive
chemotherapy. The ORRs were 19.5% and 19.3% (1-sided
p = .56), and mPFS was 2.7 (95% CI, 1.6–4.2) and 2.9 (95% CI,
2.6–4.2) months with rogaratinib and chemotherapy, respec-
tively. Grade 3–4 AEs were seen in 47% and 56% in the
rogaratinib and chemotherapy cohorts. On exploratory analy-
sis in patients with FGFR3 mutations or fusion, ORR was
52.4% for rogaratinib, and with chemotherapy it was 26.7%.

FORT-2 trial is evaluating the safety and antitumor activ-
ity of rogaratinib (800 mg and 600 mg doses) along with
atezolizumab in cisplatin-ineligible patients with metastatic
urothelial cancer and FGFR1 or 3 mRNA overexpression
[31]. In the preliminary analysis, rogaratinib at 600 mg was
deemed a maximum tolerated dose based on lower inci-
dence of adverse events. The preliminary efficacy data is
promising while we await further results from the dose-
expansion cohort. In BLASST-3 clinical trial, the safety and
efficacy of rogaratinib is evaluated in BCG refractory non-
muscle invasive bladder cancer (NCT04040725).

DERAZANTINIB

Derazantinib is a novel, potent, ATP competitive multikinase
inhibitor of FGFR 1–3 and colony stimulating factor 1 receptor
(CSF1R) kinase [32]. By reducing CSF1-stimulated CSF1R phos-
phorylation in macrophages, derazantinib is speculated to
have a regulatory effect on tumor-associated macrophages
[33]. It is hypothesized that the depletion of tumor-associated
macrophages with CSF1R inhibitors would have a synergistic
effect with checkpoint inhibitors [34]. FIDES-02 clinical trial is
currently evaluating the safety and antitumor activity of
single-agent derazantinib or in combination with atezolizumab
in patients with urothelial cancer and FGFR aberrations [35].

TAS-120
TAS-120 is a selective irreversible inhibitor for FGFR 1–4 [36].
Meric-Bernstam and colleagues presented preliminary results
of an ongoing phase I study in patients with solid tumors
and FGFR aberrations [37]. The study included a total of
134 patients with primary CNS tumors (n = 24), bladder can-
cer (n = 21), breast cancer (n = 17), colorectal cancer (n = 15),
gastroesophageal cancer (n = 9), and other cancers. In the

dose-escalation phase, a 20 mg per day oral dose of TAS-120
was considered safe and exhibited clinical activity in various
tumors. Hyperphosphatemia was the most common side
effect. Partial responses were seen in breast cancer, bladder
cancer, primary CNS tumor, and gastroesophageal cancer.

DEBIO-1347
Debio-1347 is a small, oral molecule that selectively inhibits
the ATP binding site of FGFR1–3 [38]. A phase I clinical trial
evaluated the safety and antitumor activity of debio-1347 in
58 patients with solid tumors including breast (21%), biliary
tract (14%), bladder (10%), uterine (9%), squamous cell lung
cancer (7%), gastric cancer (7%), prostate cancer (3%), and
cervical cancer (3%) with known FGFR 1–3 alterations [39].
FGFR1 amplification was most common (40%), followed by
FGFR fusion (21%), FGFR2 mutation (12%), and FGFR3 muta-
tion (17%). All-cause treatment emergent adverse event
(TEAEs) included hyperphosphatemia (76%), diarrhea (41%),
nausea (40%), fatigue (40%), constipation (38%), decreased
appetite (33%), and nail changes (31%). Grade 3 or above
TEAEs included hyperphosphatemia (21%), anemia (12%),
and dyspnea (5%). Two of the six patients with urothelial
cancer had a partial response. Further studies with this com-
pound are being planned in a molecular-selected cohort.

VOFATAMAB (B-701)
Vofatamab is a selective anti- FGFR3 receptor monoclonal
antibody that is being evaluated in patients with metastatic
urothelial cancer in second-line setting [40]. In the preliminary
analysis of 55 patients, vofatamab monotherapy, or in combi-
nation with docetaxel, was shown to be well tolerated. The
most common side effects were decreased appetite, diarrhea,
fever, asthenia, and fatigue. An objective response was seen
in seven patients. The final analysis of this study is awaited.

RESISTANCE MECHANISMS FOR FGFR INHIBITORS

Several mechanisms are involved in resistance to FGFR inhib-
itors and can be classified into three main categories: activa-
tion of bypass signaling pathways, alternative or secondary
FGFR mutations, and intratumor heterogeneity. As previously
mentioned, MAPK, PI3K/AKT, EGFR, PLC-γ, and STAT are
involved in downstream signaling, and upregulation of any of
these pathways can bypass the blockade and lead to drug
resistance. For example, EGFR upregulation plays an impor-
tant role in intrinsic and acquired resistance to FGFR inhib-
itors. In a study by Herra and colleagues on urothelial
tumor cells harboring FGFR3 S249C mutation, cells showed
upregulation of EGFR signaling and downregulation of
FGFR3 after exposure to PD173074 and gefitinib [34]. Addi-
tionally, cells with FGFR3-TACC3 fusions acquire resistance by
activating EGFR/HER3-dependent PI3K-AKT signaling pathways
[41, 42]. Other mechanisms by which tumor cells develop
resistance is by acquiring different mutations that can alter
drug binding sites (gatekeeper mutations). FGFR1 V561M,
FGFR2 V564F/I, FGFR3 V555M, and FGFR4 V550E/L are all
documented mutations that arise de novo or become predom-
inant during treatment [41, 43]. Intratumor heterogeneity in
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Table 2. Summary of ongoing clinical trials with FGFR inhibitors as monotherapy or in combination with other agents in
urothelial cancer

Study, NCT
identifier Agent(s) Study design

Estimated
sample

FGFR genetic
aberrations Study cohort

Primary
endpoint(s)

NCT04045613,
FIDES-02

Derazantinib
monotherapy or
in combination
with
atezolizumab

Phase Ib/II, open
label

303 Required, FGFR
1–3 mutations
per fusion

Metastatic
urothelial cancer,
cisplatin
ineligible

RP2D of
derazantinib
with
atezolizumab;
ORR based on
RECIST 1.1

NCT03914794 Pemigatinib Phase II, open
label, window of
opportunity study

43 Not required Low- or
intermediate-risk
NMIBC tumors
prior to TURBT

Complete
response on
pathology

NCT02872714,
FIGHT-201

Pemigatinib Phase II, open label 240 Required Metastatic
urothelial cancer
in first- or
second-line
therapy

ORR in patients
with FGFR3
mutations
based on
RECIST 1.1

NCT04003610,
FIGHT-205

Pemigatinib +
pembrolizumab
vs. pemigatinib
vs. standard of
care
(chemotherapy
or
pembrolizumab)

Phase II, open-
label, randomized,
multicenter

372 Required,
FGFR3 mutation
or
rearrangement

First-line,
metastatic or
unresectable
urothelial
carcinoma in
cisplatin-
ineligible
patients

PFS

NCT03473743 Erdafitinib vs.
erdafitinib +
cetrelimab
(anti-PD-1
monoclonal
antibody)

Phase Ib/II,
randomized, open
label

150 Required First-line
metastatic
urothelial
carcinoma,
cisplatin
ineligible

DLTs, overall
response rate
by RECIST 1.1

NCT03390504,
THOR study

Erdafitinib vs.
chemotherapy
(docetaxel or
vinflunine) vs.
pembrolizumab

Phase III, open
label, randomized

631 Required Metastatic
urothelial
carcinoma with
disease
progression after
1 or 2 prior
treatments

OS

NCT02052778 TAS-120 Phase I/II, single
arm, open label,
multicohort

371 Required,
advanced
urothelial
carcinoma with
FGFR3 fusions
or FGFR3
activating
mutations

Patients with
solid tumor
including a
cohort of
advanced UC

ORR by RECIST
1.1

NCT03834220,
FUZE study

Debio 1347 Phase II, single
arm, open label
Basket study

125 FGFR 1–3 fusion Solid tumor FGFR
alterations

ORR

NCT04040725,
(BLASST)-3

Rogaratinib Phase II, open label 33 Required,
FGFR1 or FGFR3
gene
overexpression

High-risk NMIBC
unresponsive to
BCG

Complete
response on
TURBT

NCT03410693,
FORT-1

Rogaratinib vs.
chemotherapy
(docetaxel,
paclitaxel or
vinflunine)

Phase II/III,
randomized, open
label

175 FGFR1 or 3
gene alterations

Metastatic
urothelial
carcinoma,
received prior
platinum-
containing
chemotherapy

OS

NCT03473756,
FORT-2

Rogaratinib +
atezolizumab
vs. placebo +
atezolizumab

Phase Ib/II,
randomized,
blinded

210 High FGFR1 or 3
mRNA
expression
levels

Treatment naïve
locally advanced
or metastatic
urothelial cancer

DLTs, AEs, and
PFS

(continued)
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which tumors contain different subcolonies and FGFR-
independent clones can play a role in treatment response
[44, 45].

DISCUSSION

For select patients with urothelial cancer and FGFR gene aber-
rations, FGFR inhibitors are a valuable addition to therapeutic
options. Currently, erdafitinib is the only drug approved in the
U.S., and other agents are under clinical evaluation. It is
imperative to note that not all FGFR alterations are associated
with response to FGFR inhibitors. Clinical responses have been
most notable with FGFR3 alterations versus FGFR1/2 alter-
ations. The genomic and disease characteristics of patients
with durable responses should be thoroughly examined, as
this can provide valuable insight in the selection of patients.
Additionally, the primary and secondary resistance mecha-
nisms of FGFR inhibitors can be explored by suing circulating
cell-free DNA, as it can aid in subsequent treatment strategies
[46]. The testing modality to identify FGFR gene aberra-
tions has been variable across the studies. For instance,
with erdafitinib, mutations and fusions of FGFR2/3 were
analyzed based on RNA sequencing of tumor samples using
RT PCR assay, whereas with rogaratinib it was based on over-
expression of FGFR mRNA. Currently, it remains unclear
which biomarker is ideal for identifying patients with these
aberrations.

The common trend of adverse effects due to the class
effect of FGFR inhibitors include hyperphosphatemia, ocular
disorders such as dry eye, blurry vision, lacrimation, conjuncti-
vitis, and central serous retinopathy. Additionally, gastrointes-
tinal side effects such as diarrhea, stomatitis, dry mouth, and
so on and nail changes such as onycholysis, nail dystrophy,
and paronychia seem to be commonly associated with FGFR
inhibitors. In most studies with FGFR inhibitors, these side
effects improved with dose interruption and dose reduction.

Increased renal phosphate reabsorption due to inhibition
of renal tubular FGF23 leads to elevated serum phosphate
levels with FGFR inhibitors. Early phase studies with erdafitinib
showed improved disease outcomes if serum phosphate levels
increased to 5.5 mg/dL [47]. Patients are recommended to
restrict phosphorus in the diet to 600–800 mg per day, and
oral phosphate binders should be initiated if serum phosphate
level rises above 7 mg/dL.

Central serous retinopathy (CSR) results from fluid accu-
mulation between the neural retina and retinal pigment

epithelium (RPE) [48]. FGFR inhibitors disrupt the normal ocu-
lar FGFR–MAPK pathway leading to dysfunction of RPE and
resulting in CSR. This disorder presents as visual impairment in
both eyes and can be asymptomatic if edema is limited to the
fovea. For patients starting erdafitinib, monthly ophthalmolog-
ical examinations are recommended during the first 4 months
and then every 3 months to monitor ocular toxicities. Ocular
lubricants are recommended for dry eyes. There should be
proper communication between the oncologist and ophthal-
mology, and erdafitinib should be immediately discontinued
for visual acuity worse than 20/40 (grade ≥ 3 ocular toxicity as
per CTCAE v4.03) [49]. Similar guidelines are being followed
for the other FGFR inhibitors in clinical evaluation.

There are conflicting reports about the presence of FGFR
alterations and response to checkpoint inhibitors (CPI). It is
postulated that FGFR3 alterations, which are enriched in lumi-
nal type UC, are associated with lower T-cell infiltration and
predict poor response to CPI [50]. This effect was demon-
strated in a small cohort of patients treated with erdafitinib,
where the responses were poor with CPI in patients harboring
FGFR2/3 alterations [22]. However, in another study of
patients with urothelial cancer treated with CPI, the FGFR3
mutant or wild type status did not alter response [51]. Clinical
trials comparing the efficacy of FGFR inhibitors with CPI or in
combination with CPI are ongoing (Table 2). Additionally,
FGFR inhibitors are also being evaluated in the neoadjuvant,
adjuvant setting of muscle-invasive bladder cancer (MIBC),
UTUC, and BCG refractory non-MIBC.

With the availability of a predictive biomarker, physi-
cians now have the potential to use a targeted therapeutic
agent with a novel mechanism of action in their armamen-
tarium to treat urothelial cancer.
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Table 2. (continued)

Study, NCT
identifier Agent(s) Study design

Estimated
sample

FGFR genetic
aberrations Study cohort

Primary
endpoint(s)

NCT04197986,
PROOF 302

Infigratinib vs.
placebo

Phase III,
randomized,
blinded

218 FGFR 3 genetic
alterations

Adjuvant therapy
after definitive
surgery for
invasive
urothelial cancer

DFS

NCT04228042 Infigratinib Phase I/II 20 With and
without FGFR3
alterations

Prior to surgery
for UTUC

Safety and ORR

Abbreviations: AE, adverse event; DLT, dose limiting toxicity; FGFR, fibroblast growth factor receptor; NMIBC, non-muscle invasive bladder
cancer; ORR, overall response rate; OS, overall survival; PFS, progression-free survival; RP2D, recommended phase 2 dose; TURBT, transurethral
resection of bladder tumor; UC, urothelial cancer; UTUC, upper tract urothelial cancer.
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