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Erdafitinib (Balversa™, Janssen Pharmaceutical Companies) is a pan-fibroblast growth factor receptor (FGFR) inhibitor
that was recently approved in the USA for the treatment of locally advanced or metastatic FGFR3 or FGFR2 urothelial
carcinoma. The drug is also being investigated as a treatment for other cancers including cholangiocarcinoma, liver cancer,
non-small cell lung cancer, prostate cancer, lymphoma and oesophageal cancer. This article summarizes the milestones in
the development of erdafitinib leading to this first approval for the treatment of urothelial carcinoma.

1 Introduction

Erdafitinib (Balversa™) is an orally administered, small-
molecule, pan-fibroblast growth factor receptor (FGFR)
inhibitor being developed by Janssen Pharmaceutical Com-
panies for the treatment of cancers expressing activating
mutations, amplifications and over-expression of fibroblast
growth factors (FGFs) [1].The FGF family consists of 22
ligands that regulate processes including cell migration, pro-
liferation, differentiation and survival; FGF activity is medi-
ated by four transmembrane receptor kinases (FGFR1-4)
[2]. FGFR-mediated signalling has a role in tumour cell
growth, survival, migration and angiogenesis; FGFs and
FGFRs have both been recognised as oncogenic drivers in
a range of cancers [2, 3]. Erdafitinib binds to and inhibits
FGFR, resulting in inhibition of FGFR phosphorylation and
suppression of FGFR-related signal transduction pathways,
leading to the inhibition of tumour cell proliferation and cell
death in FGFR-overexpressing tumour cells [1]. Erdafitinib
was recently approved in the US for the treatment of urothe-
lial carcinoma [1, 4] and is being developed as a treatment
for cholangiocarcinoma, liver cancer, non-small cell lung
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cancer (NSCLC), prostate cancer, lymphoma and oesopha-
geal cancer.

The recommended starting dose of erdafitinib is 8 mg
once daily, increased to 9 mg once daily according to serum
phosphate levels and tolerability at 14-21 days [1]. The
manufacturer’s prescribing information carries a warning
regarding the risk of ocular disorders, hyperphosphataemia
and embryo-fetal toxicity with erdafitinib [1].

2 Company Agreements

Erdafitinib was discovered in collaboration with Astex
Pharmaceuticals from a partnership with Janssen that com-
menced in June 2008. Astex’s FGFR inhibitor program
originated from a collaboration initiated in 2005 with the
Cancer Research UK Drug Discovery Group at the Newcas-
tle Cancer Centre (Newcastle University UK), and Cancer
Research Technology Limited [5, 6].

Under the June 2008 contract, Astex granted Janssen a
worldwide license to develop and commercialize FGFR
inhibitors emerging from the research programme. In return,
Astex received an upfront payment and equity investment,
research funding with further payments due on achievement
of development and regulatory milestones. The agreement
stated that Janssen would be responsible for preclinical and
clinical development and global commercialization of prod-
ucts arising from the collaboration [5].

In April 2011 Astex Therapeutics was purchased by
US-based SuperGen, Inc. with the combined entity named
Astex Pharmaceuticals Inc. [7]. In October 2013 Astex
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Pharmaceuticals was purchased by Otsuka Pharmaceuticals,
becoming a wholly owned subsidiary of the latter [8].

3 Scientific Summary
3.1 Pharmacodynamics

Erdafitinib demonstrated potent anti-tyrosine kinase
inhibitory activity against FGFRI, 2, 3 and 4 (ICs, val-
ues of 1.2, 2.5, 3.0 and 5.7 nmol/L, respectively) in time-
resolved fluorescence assays in vitro, but was less potent
against the closely related vascular endothelial growth
factor receptor (VEGFR) 2 kinase (ICs, 36.8 nmol/L). A
similar pattern was observed in binding affinity (meas-
ured using the KINOMEscan platform), with erdafitinib
K, values of 0.24, 1.1, 1.4 and 2.2 nmol/L for FGFR1,
3, 4 and 2, respectively, and 6.6 nmol/L for VEGFR2.
In BaF3 cell lines engineered to express FGFR fam-
ily members, erdafitinib had ICs, values of 22.1, 13.2
and 25 nmol/L against FGFR1, 3 and 4, respectively.
This activity was absent in the presence of interleukin 3,
confirming the specificity of erdafitinib. The drug had
considerably less activity against BaF3 cells expressing
VEGFR2 (ICs, 1160 nmol/L). In NCI-H1581 cells (a lung
cancer cell line with a focal FGFR1 gene amplification)
stimulated with FGF2 ligand to activate downstream sig-
nalling, pretreatment with erdafitinib was associated with
reductions in phosphorylated (p)FGFR, phosphorylated
fibroblast growth factor receptor substrate (pFRS2), phos-
phorylated phospholipase C y 1 (pPLCy1) and phosphoryl-
ated extracellular signal-regulated kinase (pErk)1/2 levels
[9].

In vivo, administration of erdafitinib to mice bearing xen-
ograft tumours derived from SNU-16 human gastric cancer
cells harbouring FGFR2 amplifications inhibited tumour
growth in a dose dependent manner (tumour growth inhibi-
tion of 37.8% and 59.4% after treatment with erdafitinib 10
and 30 mg/kg, respectively). Similar results were observed
in other tumour models with various FGFR alterations
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(MDA-MB-453, SNU-16, NCI-H1581, A-204, HuH-7,
NCI-H716, and RT112). The drug also demonstrated pro-
nounced antitumour activity in mice bearing xenograft
tumours derived from LUXO001 cells (a human NSCLC cell
that contains a translocation resulting in expression of a
FGFR3-TACC3 fusion protein), indicating activity against
cells with FGFRs constitutively activated by chromosomal
rearrangement [9].

FGEFR activity in the renal tubules controls the homeostasis
of phosphate; consequently, FGFR inhibition increases
serum phosphate levels [1, 2]. In patients with advanced
solid tumours given erdafitinib 0.5 to 12 mg daily on a
continuous schedule, or 10 or 12 mg on a 7 day on/7 day
off cycle in a phase 1 study (NCT01703481), hyperphos-
phatemia emerged at the 4 mg daily dosage and peaked at
~9 mg daily. No significant changes in calcium levels, and
no dose-dependent changes in parathyroid hormone, vita-
min D or FGF23 levels were observed. Parathyroid hormone
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levels were decreased at all doses >4 mg, and vitamin D
levels increased with doses >2 mg, with a potential plateau
effect evident at higher doses [3].

In a further phase I study (NCT01962532) in Japanese
patients with advanced or refractory solid tumours, admin-
istration of single 2, 4 and 6 mg oral doses of erdafitinib
was associated with increased plasma phosphate concentra-
tions but no clear dose-response relationship was observed.
Calcitriol concentrations were increased at ~4 h post dose,
with maximum levels observed 24 to 48 h post dose. No
clinically meaningful changes were observed in pS6, pErk,
or pFGFR levels [10].

3.2 Pharmacokinetics

Erdafitinib 0.5 to 12 mg once daily continuously or 10 or
12 mg once daily on a 7 day on/7 day off cycle had a linear,
dose proportional, and predictable pharmacokinetic profile
in a phase I trial in patients with advanced solid tumours
(n = 65) [NCT01703481] [3]. In a subset analysis of patients
with urothelial cancer (n = 5) treated with erdafitinib 9 mg
once daily continuously, or 10 or 12 mg once daily on a
7 day on/7 day off cycle in this study, peak plasma con-
centrations (C,,,,) and area under the concentration-time
curve from time 0 to 24 h (AUC,,) for total erdafitinib were
1130-2690 ng/mL and 19,900-52,600 ng-h/mL, respectively
[11].

In Japanese patients with advanced or refractory solid
tumours, erdafitinib 2, 4 or 6 mg/day (n = 3 per dose), or 10
(n = 3) or 12 mg/day (n = 7) administered according to a 7
day on/7 day off cycle, was associated with a dose depend-
ent increase in plasma concentration, with C,, occurring
2-3 (median) h after the first dose and 2—6 h after multi-
ple doses. The AUC for unbound drug also increased in a

dose dependent manner after both single and multiple doses
(NCT01962532) [10].

Erdafitinib had a mean apparent volume of distribution of
29 L in patients and was 99.8% bound to plasma protein. The
mean total apparent clearance and effective half-life were
0.362 L/h and 59 h, respectively, in patients. The drug is
primarily metabolised by CYP2C9 (estimated 39% of total
clearance) and CYP3A4 (20%). Sixty nine percent of a sin-
gle oral dose of radiolabelled erdafitinib was recovered in
faeces (19% as unchanged drug) and 19% in urine (13% as
unchanged drug) [1].

3.3 Therapeutic Trials
3.3.1 Urothelial Cancer

3.3.1.1 Phasell Treatment with erdafitinib yielded a robust
response rate in patients with metastatic or unresectable
urothelial carcinoma and FGFR alterations in a global open-
label phase II study (NCT02365597). In the initial part of
the trial, the optimal schedule of erdafitinib was determined
to be 8 mg/day continuously in 28 day cycles with up-titra-
tion to 9 mg/day if necessary, according to serum phos-
phate levels and tolerability. 96 patients received 5 (median)
cycles of optimized erdafitinib therapy; of these 10% were
chemotherapy naive, 47% had received >2 prior lines of
therapy and 80% had visceral metastases. The confirmed
overall response rate (RECIST 1.1) was 42% (3 and 39%
complete and partial responses, respectively) and 38% of
patients had stable disease. The confirmed overall response
rate in patients who had previously received immune check-
point inhibitors (n = 21) was 70% [12].

Features and properties of erdafitinib

Alternative names
Class

Mechanism of action
Route of administration Oral
Pharmacodynamics

Pharmacokinetics Choax

BALVERSA, G-024, INJ-42756493, INJ-493
Antineoplastics, diamines, pyrazoles, quinoxalines, small molecules
Fibroblast growth factor receptor antagonists

ICs values of 1.2, 2.5, 3.0, and 5.7 nmol/L against FGFR1, 2, 3 and 4, respectively
1130-2690 ng/mL, AUC,, 19,900-52,600 ng e h/mL, t,

2.5 h, apparent volume of distribution 29L,

max

protein binding 99.8%, total apparent clearance 0.362 L/h

Adverse events

Most frequent

Increased phosphate levels, stomatitis, fatigue, diarrhoea, dry mouth, onycholysis, decreased appetite, dys-

geusia, dry skin, dry eye, alopecia, palmar-plantar erythrodysaesthesia syndrome, constipation, abdomi-
nal pain, nausea, musculoskeletal pain

Rare Fatal myocardial infarction
ATC codes
WHO ATC code LO1X-E (Protein kinase inhibitors)

EphMRA ATC code
Chemical name

L1 (Antineoplastics), L1H (Protein Kinase Inhibitor Antineoplastics)
N'-(3,5-Dimethoxyphenyl)-N'-[3-(1-methylpyrazol-4-yl)quinoxalin-6-yl]-N- propan-2-ylethane-1,2-diamine
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3.3.2 Cholangiocarcinoma

3.3.2.1 Phase Il Erdafitinib had encouraging clinical activ-
ity in patients with advanced cholangiocarcinoma and
FGEFR alterations who had failed >1 prior systemic treat-
ment in a preliminary analysis of an open-label phase Ila
study (NCT02699606). At data cutoff (20 March 2018) 150
patients had been molecularly screened, with FGFR altera-
tions identified in 25 patients. Of these, 11 patients received
erdafitinib 8 mg once daily continuously for 4 (median)
treatment cycles (treatment duration 3.5 [median] months).
The overall response rate was 45.5% comprising three
patients with confirmed partial responses and two patients
with unconfirmed partial responses. Four patients had stable
disease and two (both with FGFR3 mutations) had progres-
sive disease. Six patients remained on treatment at the time
of analysis [13].

3.4 Adverse Events

The most common adverse reactions in the phase II trial
in patients with urothelial cancer treated with erdafitinib
described above [12] were increased phosphate levels, sto-
matitis, fatigue, increased creatinine, diarrhoea, dry mouth,
onycholysis, increased alanine aminotransferase, increased
alkaline phosphatase, decreased sodium, decreased appe-
tite, decreased albumin, dysgeusia, decreased haemoglobin,
dry skin, increased aspartate aminotransferase, decreased

magnesium, dry eye, alopecia, palmar-plantar erythrodys-
aesthesia syndrome, constipation, decreased phosphate,
abdominal pain, increased calcium, nausea, and musculo-
skeletal pain [1].

Grade 3 or higher adverse events occurring in >1% of
patients included stomatitis, nail dystrophy, palmar-plantar
erythrodysaesthesia syndrome, paronychia, nail disorder,
keratitis, onycholysis, and hyperphosphataemia. Forty one
percent of patients experienced serious adverse reactions
including eye disorders (10%). Fatal acute myocardial infarc-
tion occurred in 1% of patients [1].

Thirteen percent of patients permanently discontinued
erdafitinib treatment because of adverse reactions, most com-
monly eye disorders (6%). A total of 68% of patients required
treatment interruptions because of adverse events, most com-
monly hyperphosphataemia (24%), stomatitis (17%), eye dis-
orders (17%), and palmar-plantar erythrodysaesthesia syn-
drome (8%). Dose reductions because of adverse events were
required in 53% of patients and were most commonly due to
eye disorders (23%), stomatitis (15%), hyperphosphataemia
(7%), palmar-plantar erythrodysaesthesia syndrome (7%),
paronychia (7%), and nail dystrophy (6%) [1].

3.5 Companion Diagnostic

The FDA-approved test for selection of patients with locally
advanced or metastatic urothelial carcinoma for treatment
with erdafitinib is the QIAGEN therascreen® FGFR RGQ
RT-PCR Kit [1].

Key clinical trials of erdafitinib

Drug(s) Responsible party Indication Phase Status Location(s) Identifier
Erdafitinib Janssen Urothelial cancer II Ongoing  Multinational NCT02365597
Erdafitinib, vinflunine, Janssen Advanced urothelial cancer 111 Recruiting Multinational NCT03390504
docetaxel,
pembrolizumab
Erdafitinib Janssen Advanced hepatocellular il Ongoing  China, Korea, NCT02421185
carcinoma Taiwan
Erdafitinib Janssen Advanced non-small-cell lung  1I Recruiting China, Korea, NCT02699606
cancer, urothelial cancer, Taiwan
oesophageal cancer or
cholangiocarcinoma
Erdafitinib National Cancer Institute Advanced solid tumours, non- 1T Recruiting USA, Puerto Rico NCT03210714

Hodgkin lymphomas or
histiocytic disorders in
paediatric patients

Erdafitinib, palbociclib, Vanderbilt-Ingram Cancer =~ Metastatic Breast Cancer I Recruiting USA NCT03238196
fulvestrant Center, National Cancer
Institute
Erdafitinib Lung Cancer Squamous non-small-cell lung 11 Pending  Germany NCT03827850

Group Cologne cancer
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3.6 Ongoing Clinical Trials

A phase III trial comparing erdafitinib with vinflunine
or docetaxel or pembrolizumab in patients with
advanced urothelial cancer and FGFR gene aberrations
(NCT03390504) is currently recruiting patients [14]. The
efficacy of erdafitinib as a treatment for FGFR-mutated and
translocated squamous NSCLC is being investigated in the
phase II FIND trial [15].

The US National Cancer Institute (NCI) is conducting 3
phase II trials in patients with solid tumours, lymphomas,
myelomas or histiocytic disorders that include erdafitinib-
containing treatment arms; the paediatric MATCH screening
(NCT03155620) and treatment (NCT03210714) studies, and
the MATCH (NCT02465060) screening study. The institute
is also conducting a phase Ib trial evaluating a combina-
tion of erdafitinib, fulvestrant, and palbociclib in patients
with ER+/HER2-/FGFR-amplified metastatic breast cancer
(NCT03238196).

The Multiple Myeloma Research Consortium is conduct-
ing the phase I/IIl MyDRUG (Myeloma-Developing Regi-
mens Using Genomics) trial (NCT03732703) in patients
with relapsed refractory multiple myeloma, which includes
an erdafitinib-containing treatment arm, and a trial evalu-
ating erdafitinib in combination with dexamethasone in
patients with multiple myeloma that returned after a period
of improvement (NCT02952573).

4 Current Status

Erdafitinib received its first global approval on April 12
2019 in the USA as a treatment for adult patients with
locally advanced or metastatic urothelial carcinoma that
has susceptible FGFR3 or FGFR2 genetic alterations and
has progressed during or following at least one line of prior
platinum-containing chemotherapy, including within 12
months of neoadjuvant or adjuvant platinum-containing
chemotherapy. Patients are selected for therapy based on
the FDA-approved companion diagnostic for erdafitinib [1].
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