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DW14383 1s an irreversible pan-FGFR inhibitor that
suppresses FGFR-dependent tumor growth in vitro and in vivo

Meng-di Dai'?, Yue-liang Wang', Jun Fan*3, Yang Dai', Yin-chun Ji', Yi-ming Sun', Xia Peng’, Lan-lan Li', Yu-ming Wang>>,

Wen-hu Duan?3, Jian Ding' and Jing Ai'?

Fibroblast growth factor receptor (FGFR) is a promising anticancer target. Currently, most FGFR inhibitors lack sufficient selectivity
and have nonnegligible activity against kinase insert domain receptor (KDR), limiting their feasibility due to the serious side effects.
Notably, compensatory activation occurs among FGFR1-4, suggesting the urgent need to develop selective pan-FGFR1-4
inhibitors. Here, we explored the antitumor activity of DW14383, a novel irreversible FGFR1-4 inhibitor. DW14383 exhibited
equivalently high potent inhibition against FGFR1, 2, 3 and 4, with 1Cs, values of less than 0.3, 1.1, less than 0.3, and 0.5 nmol/L,
respectively. It is a selective FGFR inhibitor, exhibiting more than 1100-fold selectivity for FGFR1 over recombinant KDR, making it
one of the most selective FGFR inhibitors over KDR described to date. Furthermore, DW14383 significantly inhibited cellular
FGFR1-4 signaling, inducing G1/S cell cycle arrest, which in turn antagonized FGFR-dependent tumor cell proliferation. In contrast,
DW14383 had no obvious antiproliferative effect against cancer cell lines without FGFR aberration, further confirming its selectivity
against FGFR. In representative FGFR-dependent xenograft models, DW14383 oral administration substantially suppressed tumor
growth by simultaneously inhibiting tumor proliferation and angiogenesis via inhibiting FGFR signaling. In summary, DW14383 is a
promising selective irreversible pan-FGFR inhibitor with pan-tumor spectrum potential in FGFR1-4 aberrant cancers, which has the
potential to overcome compensatory activation among FGFR1-4.
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INTRODUCTION

Fibroblast growth factor receptors (FGFRs) constitute a class of
pivotal mediators of a variety of vital physiological processes,
including wound repair, embryonic development, wound healing,
cell differentiation, proliferation, and migration [1-4]. Alterations
in FGFR family signaling have been described in various tumor
types [5, 6]. FGFR1 amplification is found in breast tumors, lung
cancers, oral squamous carcinoma, rhabdomyosarcoma, and
ovarian and bladder cancers [7-13], and FGFR2 alterations have
been identified in breast cancers, gastric cancers and endometrial
adenocarcinomas [14-16]. Mutations in FGFR3 are known to exist
in bladder cancers [17-19], and aberrant expression of FGF19/
FGFR4 contributes to hepatocellular carcinoma (HCC) progression
[20]. Clinical evidence has indicated that the dysregulation of
FGFR is associated with resistance to anticancer agents, such as
EGFR inhibitors, angiogenesis inhibitors, and endocrine therapy
[3, 21-24]. Therefore, targeting FGFR is a hotspot in the cancer
therapy field.

Several FGFR inhibitors have been under development, some of
which are currently being tested in clinical trials [25]. The pan-
FGFR inhibitor erdafitinib and FGFR1-3 inhibitor pemigatinib were
recently approved by the U.S. Food and Drug Administration (FDA)

for the treatment of metastatic and unresectable urothelial
carcinoma (mUC) in 2019 [25, 26] and unresectable locally
advanced or metastatic cholangiocarcinoma with FGFR2 fusion
or other rearrangement in 2020 [27], respectively. Notably, most
FGFR inhibitors are nonselective inhibitors with multitarget effects
and, in particular, simultaneously inhibit kinase insert domain
receptor (KDR). The adverse effects, such as serious hypertension
induced by systemic KDR inhibition or other nonspecific-
targeting-related toxicity, limit the maximum effectiveness of
FGFR inhibition treatment for patients with FGFR-driven cancer
[2, 3, 28, 29]. Even the two recently launched FGFR inhibitors,
erdafitinib and pemigatinib, were reported to exhibit nonnegligi-
ble activity against KDR (36.8 nmol/L and 70 nmol/L, respectively)
[26, 27]. Moreover, the compensatory activation among
FGFR1-4 subtypes should not be overlooked [30]. However, most
selective FGFR inhibitors, including the launched pemigatinib,
inhibit FGFR1-3 to a similar extent due to the remarkably similar
structure in their kinase domains, while the potency of these
inhibitors against FGFR4 is comparatively low due to their distinct
structure [31, 32]. These findings suggest the urgent need to
develop pan-FGFR1-4 inhibitors. A conserved cysteine residue
located in the rim of the P-loop can be covalently bound in all four
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FGFR paralogs [33-37], indicating the possibility of developing an
irreversible inhibitor cotargeting FGFR1-4, which might also have
the potential to achieve higher selectivity [38]. The irreversible
pan-FGFR inhibitors TAS-120 and PRN1371, which selectively
inhibit FGFR1-4 with equivalent potency, have been reported to
be promising for the treatment of tumors with FGFR alterations in
an early trial [39-42]. Moreover, the great success of other
irreversible kinase inhibitors, such as the BTK inhibitor ibrutinib
and the EGFR inhibitor osimertinib, is well known [43, 44]. These
successful applications of covalent kinase inhibitors provide great
inspiration for developing therapeutically relevant irreversible
pan-FGFR inhibitors.

In this paper, we described a novel selective and irreversible
inhibitor of FGFR1-4, DW14383, and focused on evaluating the
FGFR-targeting anticancer activity of DW14383 both in vitro and
in vivo. DW14383 exhibited equivalently high potent inhibition of
FGFR1, 2, 3 and 4, showing more than 1100-fold selectivity for FGFR1
over recombinant KDR, making it one of the most selective FGFR
inhibitors over KDR described to date. DW14383 strongly sup-
pressed FGFR1-4 signaling, inducing G1/S cell cycle arrest and
antagonizing FGFR-dependent cancer cell proliferation with sub-
nanomolar to nanomolar half maximal inhibitory concentration
(ICs0) values. Moreover, oral administration of DW14383 substantially
suppressed tumor growth in FGFR1-amplified NCI-H1581 and
FGF19/FGFR4-driven Hep3B xenograft models by blocking FGFR
signaling. These results indicate that DW14383 is a promising FGFR
inhibitor for patients with FGFR-aberrant cancer.

MATERIALS AND METHODS

Compounds

DW14383 (Fig. 1) was synthesized in Professor Wen-hu Duan's
Laboratory at the Shanghai Institute of Materia Medica (chemical
formula: Cy,H,0BrN5O,S, M,,: 498.40). TAS-120, AZD4547, and
BLU9931 were purchased from Selleck Chemicals (Houston, USA).

ELISA kinase assays

Enzyme-linked immunosorbent assays (ELISAs) were carried out to
determine the effects of DW14383 on the activities of various
tyrosine kinases, as previously described [38]. The inhibition rate
(%) was calculated using the following equation: [1 — (A490/A400
control)] x 100%. The ICsy values were calculated from the
inhibition curves based on two separate experiments using a
modified 4-parameter logistic model. If the inhibitory rate is higher
than 50% at the minimum tested drug concentration, the
conclusion is that the ICsy is lower than the tested minimum
drug concentration. And if the inhibitory rate is lower than 50% at
the maximum tested drug concentration, then the ICs, is higher
than the tested maximum drug concentration.

Br

OCH,
NH, N\ S

Fig. 1 The chemical structure of DW14383.
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Cell culture

All cell lines were purchased from the American Type Culture
Collection (ATCC, Manassas, VA, USA) and cultured according to
the suppliers’ instructions. BaF3 cells were engineered to express
human wild-type TEL-FGFR1 or TEL-KDR that stably expressed
constitutively active FGFR1 or KDR. All the cell lines were
authenticated via short tandem repeat analysis by Genesky
Biopharma Technology (last tested in 2018).

Cell proliferation assay

Cell proliferation was determined using a Cell Counting Kit (CCK)-8
assay or sulforhodamine B (SRB) assay. On the same day, the cells
were seeded in 96-well cell culture plates, and various concentra-
tions of compounds were added before culturing for 72 h at 37 °C.
The IC5, values were calculated by concentration-response curve
fitting using the four-parameter method.

Cell cycle analysis

The effects of the added compounds on cell cycle progression and
population distribution were determined by flow cytometry. A
total of 2 x 10° cells were seeded in 6-well plates and treated with
compounds at the indicated concentration or with a vehicle
control. After 24 h, the cells were collected, fixed and stained with
propidium iodide (10 pg/mL) for 30 min and then analyzed using a
flow cytometer (FACSCalibur instrument; Becton, Dickinson & Co.).
The data were plotted using CellQuest software (Becton,
Dickinson & Co).

Western blot analysis

KG1, SNU16, BaF3/TEL-FGFR1, BaF3/TEL-KDR, UMUC14 and Hep3B
cells were treated with the indicated doses of DW14383 for 2 h
and then lysed in preheated 2% sodium dodecyl sulfate (SDS). The
obtained protein lysates were resolved by SDS-PAGE. Primary
antibodies against p-FGFR (Y653/654), FGFR1, FGFR2, FGFR3,
FGFR4,p-FRS2a (Y196), FRS20, p-ERK1/2(T202/Y204), ERK1/2, p-RB
(S807/811), RB, PARP and c-Myc were purchased from Cell
Signaling Technology (Beverly, MA, USA). Antibodies against
GAPDH were purchased from KANGCHEN (Shanghai, China).

Irreversibility assay

The recovery of enzyme activity after DW14383 administration
was evaluated by a rapid dilution experiment, as previously
described [34]. A mixed solution of FGFR1 kinase (2 nmol/L) and
excess DW14383 (100-fold ICsp) was preincubated at ambient
temperature for 30 min. This enzyme-inhibitor complex was then
diluted 1:100 into reaction mixtures containing 262 pmol/L ATP
and the substrate peptide (5-FAM-KKSRGDYMTMQIG-CONH?2).

In vivo antitumor activity assay

For the NCI-H1581 and Hep3B xenograft model experiments, the
indicated tumor cells (5x 10° cells per mouse) were injected
subcutaneously (s.c.) into the right flank of nude mice. After
growing to 700-800 mm?>, the well-developed tumors were cut
into 1-mm? fragments and transplanted s.c. into the right flank of
female nude mice (4-6 weeks old) using a trocar. The mice were
randomized when the tumor reached a mean volume of
~100-150 mm?> and were treated with DW14383 at the indicated
doses via gavage once daily for 14 or 21 days. Tumor volume was
measured twice per week with a microcaliper and quantified using
the modified ellipsoidal formula (tumor volume = 1/2 (length x
width?)). Tumor growth inhibition (TGI) values were determined
on the final day of the study as 100 X {1 — [(Vrreated Final day —
VTreated Day 0)/(VControI Final day — VControI Day O)]} The data are
presented as the means + standard error of the mean (SEM), while
statistical significance was calculated by unpaired Student’s t test
(NS, P>0.05 P<0.05 P<0.001). Animal procedures were
approved by the Institutional Animal Care and Use Committee
of the Shanghai Institute of Materia Medica.
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Pharmacodynamics studies

To assess the pharmacodynamics of DW14383 in tumors, mice
bearing established xenograft tumors were treated with the
compound at 25 or 5mg/kg for 3 days. Two hours following the
last administration, the mice were humanely euthanized, and their
tumors were resected. The tumors were snap-frozen in liquid
nitrogen and then homogenized in 500 pL of protein extraction
solution (radioimmunoprecipitation assay, RIPA). The tumor
extracts were then subjected to Western blot analysis. The
individual bands of p-FGFR1 and p-ERK were scanned and
quantified using Gel Pro Analyzer software (Media Cybernetics,
Inc.). The relative tyrosine phosphorylation of each sample at the
indicated time points was then calculated, with the average value
of vehicle-treated sample used set at 100%.

RESULTS

DW14383 is a potent pan-FGFR inhibitor with high selectivity over
KDR

DW14383 exhibited equipotent activity against FGFR1, 2, 3 and 4,
with 1C5, values of less than 0.3, 1.1, less than 0.3, and 0.5 nmol/L,

respectively (Table 1). The widely validated selective FGFR1-3 Table 1. Kinase selectivity profile of compounds
inhibitor AZD4547 [45, 46] and irreversible FGFR1-4 inhibitor TAS- : yP pounds.
120 [47-49] were also tested as positive controls. DW14383 was Kinase ICso (nMol/L)
more potent than TAS-120 and comparable to AZD4547 (Table 1).
Testing against a small panel of representative human kinases, DW14383 TAS-120 AZD4547
including the highly homologous kinase KDR, was also conducted.
No obvious inhibitory effects were observed against other tested FGFRI <03 39£08 04£0.1
kinases, including the typical angiogenesis-regulating kinases FGFR2 1.1+03 42+00 1.0+0.5
(VEGFR1, KDR, PDGFRa, and PDGFRP) (Table 1). Notably, FGFR3 <0.3 8.1+0.9 23+0.2
DW14383 dbisplayelegnore kthan 1 100-1})'(3:1 selectivit)ll for FGER;( FGFR4 0.5+0.1 41+12 498+54
over recombinant KDR, making it one of the most selective FGF
! KDR 335.8+25.2 >1000 57.9+22.1
inhibitors over KDR described to date. These data suggested that
DW14383 was a selective pan-FGFR kinase inhibitor. VEGFR-1 >100 >100 >100
PDGFR-a >1000 >100 >1000
DW14383 is an irreversible FGFR inhibitor PDGFR-B >100 >100 >1000
A dilution method [50] was used to evaluate the irreversible kinase C-Kit 100 100 100
inhibition caused by DW14383 treatment. The known irreversible
Flt-3 1000 100 1000
FGFR inhibitor TAS-120 was used as a positive control. FGFR1 kinase g g g
was used as a representative kinase. In this assay, FGFR1 kinase and EGFR >1000 >1000 >1000
excess DW14383 or TAS-120 were preincubated for 30 min. The ErbB2 >1000 >100 >1000
enzyme-inhibitor mixture was then diluted 100-fold into a reaction ErbB4 >100 >100 >1000
buffer containipg a high co'ncentra'gign of ATP and the !n'dicated e-Src 1000 1000 1000
subs.trate peptide. Under this copdltlon, the enzyme activity was ABL 51000 51000 51000
continuously measured by evaluating the percentage of phosphory-
lated substrate. Similar to TAS-120, a significantly lower conversion EPH-A2 >1000 >1000 >1000
was observed over 60 min when DW14383 was added to FGFR1, and IGFIR >100 >100 >1000
the recovery curve of DW14383 was similar to that of the background aValues are the mean + SD or estimated values of two or more
group (Fig. 2). These results suggested that DW14383 covalently independent assays.
reacted with FGFR1 and irreversibly suppressed kinase activity.

DW14383 inhibits cellular FGFR signaling
To further examine the efficacy of DW14383 on FGFR signaling,
we selected four typical human cancer cell lines harboring FGFR
aberrations and analyzed the changes in the phosphorylation
levels of FGFR and ERK after treatment with DW14383. The
Western blot results indicated that in the FGFR-translocated
KG1 cell line, DW14383 substantially inhibited p-FGFR1 and p-
ERK, the major downstream signaling molecules (Fig. 3a).
Similar results were found in SNU16 cells with FGFR2
amplification (Fig. 3b) and UMUC14 cells with FGFR3 mutation
(Fig. 3c). Based on the significant FGFR4 inhibition activity of
DW14383, we also investigated Hep3B cells with abnormal
activation of the FGF19/FGFR4 signaling axis [50]. With
FGF19 stimulation, the levels of p-FGFR4 and p-ERK in the
Hep3B cells were increased. DW14383 treatment at 20 nmol/L
completely inhibited FGFR4 phosphorylation and ERK phos-
phorylation (Fig. 3d).

These results indicated that DW14383 significantly inhibited
FGFR signaling.

a DW14383 b 2 TAS-120
-eo- Control -e—~ Control
X 4- ™ DW14383 X -#- TAS-120
% —4— Background g .| Background
C 3A C
o o
o o
g 29 g
c c 14
] o]
o 4] o
0- 0 T T T |
20 40 60 80 0 20 40 60 80
Time (min) Time (min)

Fig. 2 FGFR1 kinase activity is irreversibly inhibited by DW14383 and TAS-120. The conversion rate describes the percentage of
phosphorylated substrate peptide. The results of the peptide phosphorylation by FGFR after preincubation without enzyme (background),
without inhibitor (control) or with the indicated inhibitor are shown.
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Fig.3 DW14383 inhibits FGFR signaling. Phosphorylation of FGFRs and ERK after treatment with DW14383 for 2 h was evaluated by Western

blotting of KG1 (a), SNU16 (b), UMUC14 (c) and Hep3B (d) cells.

Table 2. Antiproliferative activity of compounds on FGFR-addicted cell lines.
Cell line Gene aberration 1Cs0 (nmol/L)?

DW14383 TAS-120 AZD4547
KG1 FGFROP2-FGFR1 <0.3 <03 7.2£0.1
NCI-H1581 FGFR1 amplification <0.3 <0.3 11.6+2.2
SNU16 FGFR2 amplification <0.3 <03 20+05
NCI-H716 FGFR2 amplification <0.3 <03 1.7+0.7
UmMuci4 FGFR3 mutation 20.1+£12.7 / 83.0+35.7
Hep3B FGF19/FGFR4 amplification 27.0%£1.0 1252+ 264 /
BaF3/TEL-FGFR1 TEL-FGFR1 fusion <0.2 / 0.8+0.2
BaF3/TEL-KDR TEL-KDR fusion 4814+ 131.1 / /
*Values are the mean + SD or estimated values of two or more independent assays.

In vitro antitumor activity of compound DW14383 with selectivity
We then chose different FGFR-addicted cancer cell lines to further
test the antiproliferative effect of DW14383 in vitro (Table 2).
DW14383 treatment for 72h dose-dependently blocked the
proliferation of FGFR1-, FGFR2-(IC5o<0.3 nmol/L) and FGFR3-
dependent cell lines (ICso=20.1+ 12.7 nmol/L). DW14383 also
exhibited potent inhibition of FGF19/FGFR4-mediated Hep3B cell
proliferation (Table 2). This high potency further supported the
potential use of DW14383 for treating HCC cell lines harboring
FGF19/FGFR4 aberrations. The positive controls AZD4547 and TAS-
120 also showed a significant antiproliferation effect against
FGFRs-driven cell lines.

Our previous study demonstrated that FGFR inhibition exerts
antiproliferative effects by arresting cells in the G1/S phase [51].
Thus, we investigated the influence of DW14383 on cell cycle
arrest. The NCI-H1581 and SNU16 cell lines were used as
representative FGFR cell lines. Consistently, DW14383 treatment-
induced G1/S cell cycle arrest in both cell lines (Fig. 4a). We also
found that the downregulation of the cell cycle regulator c-Myc is
essential for the suppression of cell proliferation mediated by

Acta Pharmacologica Sinica (2021) 42:1498 - 1506

FGFR inhibition [51]. Consistently, DW14383 treatment dramati-
cally downregulated c-Myc levels in representative FGFR-addicted
H1581 cells (Fig. 4b). In addition, the phosphorylation of RB, the
critical molecule for late G1 cell cycle progression [52], was also
inhibited upon DW14383 treatment. However, no sub-G1 cell
population or obvious PARP cleavage were observed (Fig. 4a, b),
largely excluding the possibility that DW14383 induced apoptosis.
These results suggested that DW14383 inhibited the proliferation
of FGFR-addicted cells by arresting cells at G1/S phase rather than
apoptosis.

Next, we performed cell proliferation assays using 12 other cell
lines with low FGFR expression or low FGFR activation. We found
that DW14383 exhibited almost 3000-fold less potency in these
cell lines (Fig. 4c).

Next, to validate the cellular selectivity of DW14383 for FGFR over
KDR, we used BaF3/TEL-FGFR1 and BaF3/TEL-KDR, which repre-
sent FGFR1- and KDR-driven cells, respectively. DW14383 significantly
inhibited the BaF3/TEL-FGFR1 cell proliferation (ICsy < 0.2 nmol/L),
while it had no obvious inhibitory effect on the proliferation of the
BaF3/TEL-KDR cells (ICso=481.4+131.1 nmol/L) (Table 2 and
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In vitro antitumor activity of compound DW14383 with selectivity. a The influence of DW14383 on cell cycle arrest was evaluated in

NCI-H1581 and SNU16 cells by FACS. The data are presented as the means * SD. ***P < 0.001, using Student's t test. b NCI-H1581 cells were
treated with DW14383 at 0.4, 2 or 10 nmol for the indicated time (24 or 48 h) followed by immunoblot analysis. ¢ The antiproliferative effect of
DW14383 was measured by CCK-8 or SRB in a panel of cancer cell lines. d The antiproliferative effect of DW14383 was measured by CCK-8
assay in BaF3/TEL-FGFR1 and BaF3/TEL-KDR cells. e Phosphorylation of FGFR or KDR and indicated downstream signaling proteins after
treatment with DW14383 for 2 h, was evaluated by Western blotting of BaF3/TEL-FGFR1 and BaF3/TEL-KDR cells.

Fig. 4d). Consistently, FGFR1 signaling in the BaF3/TEL-FGFR1 cells
was blocked at a lower concentration (1 nmol/L). However, even at
500 nmol/L, DW14383 had no obvious inhibitory effect against KDR
signaling in the BaF3/TEL-KDR cells (Fig. 4e). These results further
confirmed the selectivity of DW14383 for FGFR over KDR.

All these data strongly demonstrated that DW14383 dramati-
cally and selectively inhibited the proliferation of FGFR-addicted
cancer cell lines.

Antitumor effect of compound DW14383 in vivo

We then investigated the in vivo antitumor effect of DW14383 in
FGFR-aberrant cell xenograft models. The indicated dose of
DW14383 was administered to mice with FGFR1-amplified NCI-
H1581-derived tumors or FGF19/FGFR4-driven Hep3B-derived

SPRINGERNATURE

tumors for 14 or 21 consecutive days. The irreversible pan-FGFR
inhibitor TAS-120 was used as control. The well-validated
FGFR1-3 inhibitor AZD4547 and FGFR4 inhibitor BLU9931 were
used as positive system controls. Consistent with the reported
data [45, 53, 54], a significant antitumor effect was observed
(Fig. 5). In the NCI-H1581 model, DW14383 significantly sup-
pressed tumor growth at a dose of 5mg/kg (TGl =62.6%) or
25 mg/kg (TGl = 84.6%). In addition, the efficacy of DW14383 at
25 mg/kg was more potent than TAS-120 at 50 mg/kg (Fig. 5a—c).
No significant differences in body weights between the four
groups were observed throughout the treatment period (Fig. 5d).
We further tested the anticancer activity of DW14383 at a lower
dose in a human HCC Hep3B xenograft model. DW14383 had a
significant dose-dependent inhibitory effect on Hep3B

Acta Pharmacologica Sinica (2021) 42:1498 - 1506
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Fig. 6 DW14383 significantly suppressed tumor growth in the Hep3B xenografts. a, b Inhibition of tumor growth in the Hep3B model
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Student's t test.

transplantation tumor growth, resulting in a TGl of 97.8% at a
dose of 5mg/kg (Fig. 6a-c), suggesting that DW14383 exhibits
promising potential for antitumor therapy to treat liver cancer.
The efficacy of DW14383 at 5 mg/kg was more potent than that
of TAS-120 at 5 mg/kg (Fig. 5a—c). In addition, the tumor-bearing
mice did not exhibit significant weight loss during the
administration of DW14383, indicating good tolerance (Fig. 6d).
These results revealed that DW14383 effectively inhibited tumor
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growth in NCI-H1581 and Hep3B subcutaneous xenograft

models.

DW14383 significantly suppressed FGFR signaling and inhibited
tumor cell proliferation and angiogenesis in FGFR-dependent
transplanted tumor tissues

Furthermore, the expression of tumor mitotic index (Ki67) and
platelet endothelial cell adhesion molecules (CD31) after
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Fig. 7 Functional effects of DW14383 in vivo. a Ki67 (above) and
CD31 (bottom) levels in the Hep3B xenografts were evaluated by
IHC. b The NCI-H1581 model was treated with DW14383 for 3 days,
and the phosphorylation of FRS2 and ERK in the tumor tissue was
evaluated by Western blotting.

treatment was also measured. As shown in Fig. 7a, Ki67 levels and
CD31-positive endothelial cells were reduced in a dose-dependent
manner upon DW14383 administration in the Hep3B model,
indicating that DW14383 significantly inhibited the growth of
FGFR-dependent xenografts by exerting simultaneous effects on
tumor cell growth and angiogenesis.

To evaluate the in vivo FGFR inhibition by DW14383, NCI-H1581
tumors were harvested 2 h after 3 days administration of 25 or 5
mg/kg DW14383, and FGFR signaling in the tumors was examined.
Activation of FGFR substrate 2a (FRS2a), a key adaptor protein
largely specific to FGFR, was examined as a surrogate for p-FGFR in
the FGFR1-amplified scenario [51]. In agreement with the
suppressed tumor growth, marked reduction in the intratumoral
phosphorylation of FRS2a and downstream ERK were observed
upon oral administration of DW14383 (Fig. 7b).

DISCUSSION
FGFR aberration has been shown to contribute to carcinogenesis,
metastasis and the resistance to anticancer agents [55-57],
making FGFR an attractive target. To date, most FGFR inhibitors
have lacked sufficient selectivity, limiting their feasible use due to
serious side effects associated with inhibiting activity against other
kinases, especially VEGFR. In addition, it should not be neglected
that compensatory activation occurs among FGFR1-4 subtypes
[30], and the activity of most known FGFR inhibitors towards
FGFR4 is relatively weak, suggesting the urgent need to develop
selective pan-FGFR1-4 inhibitors.

Herein, we described an irreversible pan-FGFR inhibitor,
DW14383, which potently inhibited FGFR1-4 kinase activities at
subnanomolar to nanomolar ICsy levels. DW14383 blocked the
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phosphorylation of corresponding FGFR kinases and key down-
stream MEK/ERK activation [58] in the DW14383-responsive
scenarios. In turn, in representative FGFR1-, FGFR2-, FGFR3-, and
FGFR4-addicted cancer cell lines, DW14383 displayed superior
antiproliferative activity in vitro via G1/S cell cycle arrest.
Furthermore, the oral administration of DW14383 at the optimal
dose suppressed tumor growth in FGFR1-amplified NCI-H1581 and
FGF19/FGFR4-amplified Hep3B xenograft mice by suppressing
FGFR signaling. Moreover, the in vitro and in vivo efficacy of
DW14383 was more potent than that of TAS-120, an irreversible
FGFR1-4 inhibitor, in clinical trials. Furthermore, IHC staining of
Ki67 and CD31 suggested that DW14383 antagonizes FGFR-
mediated tumor growth by inhibiting tumor proliferation and
angiogenesis.

Notably, DW14383 can irreversibly bind to FGFR; thus, it exhibits
excellent equivalent potent inhibition against FGFR1-4. Aber-
rances in FGFR family members (FGFR1-4) are observed in
multiple types of human malignancies, particularly those with
high frequency or lacking effective treatments [1, 2]. For example,
FGFR1 was reported in 17% of squamous non-small cell lung
carcinomas [59] and ~20% of breast tumors [7]. FGFR2 aberration
was described in ~15% of intrahepatic cholangiocarcinomas [60],
4% of triple-negative breast cancer [61], and 5%-10% of gastric
cancer cases [62]. FGFR3 mutations are known to occur in nearly
75% of nonmuscle invasive urothelial cell carcinomas [2, 63].
FGF19/FGFR4 aberration contributes to HCC progression [54].
Thus, the characteristics of DW14383 against FGFR1-4 with
equivalent potency suggest its pan-tumor spectrum potential in
these FGFR1-4 aberrant cancers and its consequent potential to
overcome compensatory activation among FGFR1-4. In addition,
impressive clinical data of the recently approved pan-FGFR
inhibitor erdafitinib in FGFR3-aberrant urothelial carcinoma
(mUCQ) [25, 26] and the FGFR1-3 inhibitor pemigatinib in FGFR2-
aberrant cholangiocarcinoma [27] further promote pan-FGFR
selective inhibitors development and inspire the recruitment of
patients harboring other FGFR aberrant tumor types for clinical
trials.

Moreover, DW14383 showed selectivity against FGFR. In
particular, it displayed more than 1100-fold selectivity for FGFR1
over recombinant KDR, making it one of the inhibitors most
selective for FGFR over KDR described to date. Furthermore, cell
proliferation and cellular signaling tests in BaF3/TEL-FGFR1 and
BaF3/TEL-KDR cells confirmed the selectivity of DW14383 against
FGFR over KDR. These results suggest that DW14383 does not
induce the side effects of multitarget inhibitors, particularly by
targeting KDR-related angiogenesis kinase, and maximize the
efficacy of FGFR inhibition in FGFR-aberrant patients.

In summary, DW14383 is an irreversible, selective pan-FGFR
inhibitor that coinhibits the kinase activities of FGFR1-4. DW14383
is a promising inhibitor deserving further investigation in patients
with FGFR-aberrant cancers.
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