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Repurposing of the Syk inhibitor fostamatinib
using a machine learning algorithm
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Abstract. TAM (TYRO3, AXL, MERTK) receptor tyrosine
kinases (RTKSs) have intrinsic roles in tumor cell proliferation,
migration, chemoresistance, and suppression of antitumor
immunity. The overexpression of TAM RTKs is associated
with poor prognosis in various types of cancer. Single-target
agents of TAM RTKs have limited efficacy because of an
adaptive feedback mechanism resulting from the coop-
eration of TAM family members. This suggests that multiple
targeting of members has the potential for a more potent
anticancer effect. The present study used a deep-learning
based drug-target interaction (DTI) prediction model called
molecule transformer-DTI (MT-DTI) to identify commer-
cially available drugs that may inhibit the three members of
TAM RTKs. The results showed that fostamatinib, a spleen
tyrosine kinase (Syk) inhibitor, could inhibit the three receptor
kinases of the TAM family with an ICy, <1 #M. Notably, no
other Syk inhibitors were predicted by the MT-DTI model. To
verify this result, this study performed in vitro studies with
various types of cancer cell lines. Consistent with the DTI
results, this study observed that fostamatinib suppressed cell
proliferation by inhibiting TAM RTKs, while other Syk inhibi-
tors showed no inhibitory activity. These results suggest that
fostamatinib could exhibit anticancer activity as a pan-TAM
inhibitor. Taken together, these findings demonstrated that this
artificial intelligence model could be effectively used for drug
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repurposing and repositioning. Furthermore, by identifying its
novel mechanism of action, this study confirmed the potential
for fostamatinib to expand its indications as a TAM inhibitor.

Introduction

TAM receptors are a family of receptor tyrosine kinases
(RTKSs) consisting of TYRO3, AXL, and MERTK that are
involved in cell survival, innate immunity, and immunosup-
pression (1-6). They are overexpressed in various types of
tumor cells and immune cells and activate several down-
stream signaling pathways such as phosphatidylinositol
3-kinase, extracellular signal-regulated kinase, and nuclear
factor kappa-light-chain-enhancer of activated B cells path-
ways. These downstream signaling pathways play a role in
promoting the growth and metastasis of tumor cells. Therefore,
activation of TAM receptors has shown the correlations with
tumor progression and poor prognosis in many cancers and
is also recognized as a mediator of acquired resistance to
chemotherapy and targeted therapy (1,2,7). With regard to its
immunomodulatory role, previous studies using a syngeneic
breast cancer model showed that conditional knockout of
MERTK caused an increase in tumor-infiltrating lympho-
cytes and inflammatory cytokines, showing that antitumor
immunity could be promoted. Numerous studies suggest that
genetic modification or pharmacologic inhibition of TAM
receptors can act as therapeutic targets to prevent tumor
progression (8-12).

Several TAM tyrosine kinase inhibitors have been
developed, and some are undergoing clinical trials for
cancer treatment. The first-in-class AXL inhibitor R428,
is being actively investigated in several cancers including
acute myeloid leukemia, non-small cell lung cancer, and
melanoma (13). Another MERTK inhibitor, UNC2025, has a
40-fold higher inhibitory activity on MERTK than AXL. Mice
treated with UNC2025 show a significant reduction in tumor
size and increased survival compared with vehicle-treated
mice in leukemia models (14,15). However, other studies have
indicated that inhibition of a single TAM receptor can result in
drug resistance by inducing intrinsic and adaptive compensa-
tory mechanisms by activating other subunits. R428 showed


https://www.spandidos-publications.com/10.3892/etm.2025.12860

2 CHOI et al: DRUG REPURPOSING OF FOSTAMATINIB

an increase in the expression of MERTK protein both in vitro
and in vivo in proportion to AXL inhibition, thereby reducing
the efficacy of the drug. In addition, the combined targeting
of MERTK and AXL showed a synergistic antitumor effect.
Based on these results, it has been hypothesized that targeting
multiple members of the TAM family would be a more effec-
tive cancer treatment than single-target agents (16,17).

Pan-TAM inhibitors, such as BMS-777607 and
INCBO081776, are under development for the treatment of
cancer, but it will take some time to achieve Food and Drug
Administration (FDA) approval. Despite the development of
high-throughput screening technologies, both a considerable
cost and a long development time are required for a drug
to be approved and released to the market. Above all, a
significant number of novel drug candidates have failed in
preclinical or clinical trials for various reasons, such as poor
pharmacokinetics, unexplained toxicity, and lack of efficacy.
Therefore, drug repurposing, which repurposes existing
drugs into new treatments for intractable diseases, is being
proposed as one of the methods to overcome the difficul-
ties of drug development from novel compounds. Another
advantage of drug repurposing is that existing drugs have
a proven safety profile, so there are relatively few concerns
about safety issues. Recently, there have been many attempts
in the drug repurposing area that are expected to increase the
success rate of drug development using advanced in silico
strategies (18,19). Virtual screening using machine learning
and artificial intelligence (AI) provides insights into finding
new anticancer drug candidates from a large-scale drug—
target interaction (DTI) dataset, including BindingDB (20),
PubChem (21), and ChEMBL (22). Our group has developed a
new deep DTI prediction model called Molecule Transformer
(MT)-DTTI (23). In 2020, using MT-DTI, we predicted that
atazanavir and remdesivir were drugs that could inhibit
SARS-CoV-2 (24). We then searched for a drug among
commercially available medications that could simultane-
ously target AXL, MERTK, and TYRO3, using the MT-DTI
algorithm. As a result, fostamatinib, one of the spleen tyrosine
kinase (Syk) inhibitors, was predicted to inhibit TAM family
members effectively, and we further verified this result using
several cancer cell lines. Fostamatinib has been approved
as a drug for treating chronic immune thrombocytopenia
(ITP) (25), but its inhibitory effect on TAM kinases has not
been reported. Here, we demonstrate that the inhibitory effect
on the TAM family is a unique function of fostamatinib that
is not observed with other Syk inhibitors. Our results suggest
not only the possibility of expanding the use of fostamatinib
by revealing a new function but also suggest the possibility of
identifying new drug mechanisms through Al.

Materials and methods

Prediction of bioactivity and binding affinity for TAM kinases.
The Deargen MT-DTI was used for the chemical prediction
to target triple TAM kinases simultaneously (23). Based on a
manually curated public database, the model was trained on
bioactivity data (ICs/ECs,) and affinity data (Kd) from the
ChEMBL database (22), Drug Target Common database (26),
and BindingDB database (27). MT-DTI uses a GCN (28)
algorithm to extract molecular features and a ProtBert (29)

algorithm to extract protein features. With these features,
our model was trained to predict each parameter (ICy,, ECs,
and Kd) simultaneously as multitask learning (30). It allowed
prediction of the IC,, ECs,, and Kd values for one drug-protein
pair.

Connectivity map analysis. The Connectivity Map (CMap)
CLUE web application (https://clue.io) was used to assess the
connectivity of gene expression signatures between chemical
and genetic perturbations (31). The Touchstone app of the
CLUE database provided connectivity scores ranging from
-100 to +100, where positive scores corresponded to the positive
correlation of gene signatures between the two perturbagens.
Signatures with connectivity scores >40 (similar) were further
investigated in this study.

Cell culture and reagents. NCI-H1299 (H1299; human
non-small cell lung cancer cells), MDA-MB-231 (MB231;
human breast adenocarcinoma cells), SCC4 (human tongue
squamous cell carcinoma cells), and CAL27 (human tongue
squamous cell carcinoma cells) cells were obtained from the
Korean Cell Line Bank (Seoul, Korea) and American Type
Culture Collection (Manassas, VA, USA). H1299 and MB231
cells were maintained in RPMI 1640 (HyClone, Logan, UT,
USA), and SCC4 cells were maintained in DMEM: F12
medium (Gibco, Waltham, MA, USA) containing 10% fetal
bovine serum (Gibco) and 1% antibiotics at 37°C in the
presence of 5% CO,. Fostamatinib (#S2625), BMS-777607
(#S1561), TAK-659 (#S8442), and MG-132 (#M7449) were
purchased from Selleckchem (Houston, TX, USA).

Cell viability assay. Cell viability was evaluated using a
CellTiter 96® AQueous One Solution Cell Proliferation Assay
(Promega, San Luis Obispo, CA, USA). Cells were seeded at
3x10° cells/well in 96-well plates and then exposed to fosta-
matinib, BMS-777607, or TAK-659 for 48 h. Assays were
performed by adding CellTiter 96® AQueous One Solution
Reagent directly to the wells, incubating them for 2 h, and then
measuring absorbance at 490 nm with a 96-well plate reader.

Western blotting and densitometric analysis. Cells were lysed
in RIPA buffer (Elpis Biotech, Daejeon, Korea; #EBA-1149).
Cell lysates were separated using SDS-PAGE, transferred
onto PVDF membranes, and then incubated with primary
antibodies followed by HRP-conjugated second antibodies
(Genetex, Irvine, CA, USA). Chemiluminescent signals
were visualized using the NEW Clarity ECL substrate (GE
Healthcare, Chicago, IL, USA). Antibodies for phospho-AXL
#5724), AXL (#8661), and TYRO3 (#5585) were purchased
from Cell Signaling Technology (Beverly, MA, USA).
Antibodies for phospho-MERTK (#ab14921), MERTK
(#ab52968), phospho-Syk (#ab62338), Syk (#ab3993), and
a-tubulin (#ab4074) were purchased from Abcam (Cambridge,
MA, USA). Western blot quantification was performed using
ImagelJ software (version 1.51, National Institutes of Health,
Bethesda, MD, USA). The intensity of each protein band
was quantified by measuring the integrated density value
using Image] software. Background intensity was subtracted
from each band intensity. The relative protein expression was
calculated by normalizing the target protein intensity to that of
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Table I. List of drugs with connectivity scores >40 after knock-down of TAM kinases.

DTI scores
(predicted IC,, nM)

Connectivity scores

Drug AXL MERTK TYRO3 AXL MERTK TYRO3 MoA FDA-labeled indication

Afatinib 619.3 700.7 6015 68.6 - 940 EGFR inhibitor Untreated, metastatic non-small cell
lung cancer

Neratinib 1563 349.1 158.8 67.6 45.6 EGFR inhibitor HER?2-overexpressed/amplified
breast cancer

Axitinib 127.5 98.0 1849 60.0 68.7 457  VEGFR inhibitor =~ Advanced renal cell carcinoma

Ruxolitinib 7403 1149 4988 436 736 60.8  JAK inhibitor Intermediate or high-risk
myelofibrosis, including primary
myelofibrosis

Bosutinib 1236 1264 739  40.7 519 519  Src/Ablinhibitor ~ Chronic myelogenous leukemia

Ceforanide 3580 5539 5169 - 519 Antibacterial Antibacterial

Zafirlukast  643.8 623.7 748 .4 - 479 Leukotriene D4 Asthma

receptor antagonist
Selumetinib 191.3  336.3 186.9 - - 46.6  MEK inhibitor Neurofibromatosis type 1
Fostamatinib 7544 867.8 978.4 - - 40.5  Syk inhibitor Immune thrombocytopenia

DTI, drug-target interaction; MoA, mechanism of action; FDA, Food and Drug Administration; EGFR, epidermal growth factor receptor;
HER?2, human epidermal growth factor receptor 2; VEGFR, vascular endothelial growth factor receptor; Syk, spleen tyrosine kinase.

o-tubulin from the same sample. Data from three independent
experiments were analyzed and presented as mean + standard
deviation (SD).

Statistical analysis. All experiments were performed inde-
pendently at least three times. Results are presented as the
mean + SD. Statistical significance was calculated by unpaired
Student's t test using GraphPad Prism (La Jolla, CA, USA).

Results

MT-DTI predicts commercially available TAM kinase
triple inhibitor candidates. To find an FDA-approved drug
that can simultaneously target triple TAM kinases, we
performed in silico screening using a deep learning-based
model (23). By comparing the values predicted through
MT-DTI (predicted ICs, and predicted ECs,), drugs with
an inhibitory effect twice that of the activating effect were
selected. Thirty-one drugs with an ICs, of less than 1 uM
in AXL, MERTK, and TYRO3 remained out of 2,459 FDA
drug sets (Table SI). Of these 31 compounds, 21 were kinase
inhibitors, including multi-kinase inhibitors (e.g. ponatinib,
cabozantinib, lenvatinib), epidermal growth factor receptor
(EGFR) inhibitors (e.g. neratinib, osimertinib, afatinib), and
MEK inhibitors (e.g. selumetinib, trametinib, binimetinib,
cobimetinib). In addition to kinases, 10 drugs included
androgen receptor antagonists (e.g. apalutamide, enzalu-
tamide), an antihypertensive (e.g. sitaxentan), and antibiotics
(e.g. ceforanide, ozenoxacin). To explore the effects of each
drug on TAM signaling, we analyzed the CMap resource.
The CMap database, developed by the Broad Institute, is
a collection of genome-wide gene expression data encom-
passing 1.5 million gene expression profiles from ~5,000

drug perturbagens and ~3,000 genetic perturbagens (32).
CLUE (https://clue.io/) is a cloud-based software platform
that provides a connectivity score between a query and a
perturbagen and allows users to access publicly avail-
able CMap data (33). We compared the gene signatures
induced by 31 drug treatments with the gene signatures
by knock-down of AXL, MERTK, and TYRO3 using
the Touchstone app in the CLUE platform, which shows
connectivity between perturbagens. Gene signature scores
for nine drugs among 31 compounds showed >40 connec-
tivity with gene knock-down signature scores (Table I).
This suggests that the nine drugs predicted by MT-DTI may
act as potential inhibitors of TAM kinases. According to
the FDA labeling information, afatinib, neratinib, axitinib,
and bosutinib have already been approved for the treatment
of various types of tumors, suggesting there is a limit to
the concept of expansion of the drug indication through
repurposing. In addition, ruxolitinib resulted in an additive
effect by combined treatment with the AXL inhibitors,
TP-0903 and bemcentinib (34,35). Because ceforanide and
zafirlukast do not have a kinase inhibitor structure, the
possibility of direct action on the TAM family is relatively
low. By contrast, because fostamatinib, a Syk inhibitor, is
already used as a treatment for ITP, and there are no reports
of the effect of fostamatinib on the TAM family, we sought
to verify the effect of fostamatinib on TAM signaling. The
workflow of the current study is illustrated in Fig. 1.

Fostamatinib suppresses cell proliferation via inhibi-
tion of TAM kinases. The TAM family (AXL, MERTK,
and TYRO3) are known to play an important role in the
development of various cancers. Based on the results using
MT-DTI, fostamatinib was predicted to be an inhibitor
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of the TAM family. To determine the effect of the TAM
family on solid cancers, experiments were conducted using
the following cancer cell lines: H1299 cells (lung cancer);
SCC4 cells (head and neck squamous cell carcinoma); and
MB231 cells (breast cancer). We first evaluated the impact of
BMS-777607, a known pan-TAM inhibitor, on cell viability
and TAM protein expression in H1299, SCC4, and MB231
cells. BMS-777607 treatment resulted in a dose-dependent
decrease in cell viability across all three cell lines (Fig. 2A).
Western blot analysis revealed that BMS-777607 treatment
led to reduced phosphorylation of both AXL and MERTK,
indicating successful inhibition of these kinases (Fig. 2B).
While we observed a decrease in total TYRO3 protein levels,
we were unable to directly assess TYRO3 phosphorylation
status due to technical limitations of available antibodies.
This limitation stems from the high sequence homology
between TYRO3 phosphorylation sites (Y681, Y685) and
MERTK phosphorylation sites (Y749, Y753), which causes
commercially available phospho-specific antibodies to
cross-react with phosphorylated MERTK. Despite this
technical constraint, the reduction in cell viability and clear
effects on AXL and MERTK signaling demonstrate the
effectiveness of BMS-777607 as a TAM family inhibitor.
Based on these results, the same experiment was conducted
using the cell lines listed above to confirm the role of fosta-
matinib in solid cancers (Fig. 2C and D). Cell viability was
decreased on addition of increasing concentrations of fosta-
matinib, although there was a difference in degree. Both the
phosphorylated and total forms of AXL and MERTK were
decreased following fostamatinib treatment. These results
suggest that fostamatinib reduces cell viability through the
inhibition of TAM family proteins.

Other Syk inhibitors do not affect TAM signaling.
Fostamatinib was previously known as a Syk inhibitor;
therefore, we investigated whether other Syk inhibitors
had the same effect on TAM signaling. TAK-659 is a
potent and selective inhibitor of Syk. H1299, SCC4, and
MB231 cells were assessed for cell viability and TAM
family protein levels after TAK-659 treatment. H1299 and
SCC4 cells did not show a change in cell viability on expo-
sure to TAK-659, but MB231 cell viability was decreased
slightly in a dose-dependent manner (Fig. 3A). Unlike the
results after fostamatinib treatment, TAM family protein
expression levels did not change after TAK-659 treatment
in any of the cell lines tested (Fig. 3B). Basal levels of Syk
protein expression were undetectable in H1299, SCC4, and
MB231 cells, so we confirmed the effect of TAK-659 on
TAM signaling using CAL27 cells, a cell line with high
Syk expression. TAK-659 significantly reduced the Syk
protein levels in CAL27 cells, whereas it did not affect
the activity of AXL, MERTK, and TYRO3 (Fig. S1).
These results suggest that the effect of fostamatinib on
TAM signaling is a unique feature not found in other Syk
inhibitors.

Discussion

Syk is a non-RTK and is known to play a crucial role in
autoimmune diseases and hematological malignancies (1).

FDA Drug sets
2,459 compounds

1. Prediction of ICgq
using MT-DTI

31 compounds

2. Connectivity Map DB *

9 compounds

3. Prioritization of drug ‘
repurposing candidate

Fostamatinib

Experimental validation

Figure 1. Workflow of the current study. The workflow mainly consists of a
computational approach and experimental validation. A total of 31 Food and
Drug Administration-approved drugs with an ICs;<1 yM in AXL, MERTK
and TYRO3 were selected using the Deargen DTI model (MT-DTI). Next,
transcriptome pattern analysis using the Connective Map database was
performed. Fostamatinib, which was selected as the final candidate for
drug repositioning, was experimentally validated. MT-DTI, molecule
transformer-drug-target interaction; DB, database.

Syk mediates diverse biological functions, including innate
immune recognition, platelet activation, cellular adhesion,
osteoclast maturation, and vascular development (1,2).
Fostamatinib is a prodrug that is converted to the active metab-
olite R406, which is a specific inhibitor of Syk-dependent Fcy
receptors-mediated signaling in a wide variety of tissues (36).
In phase III randomized double-blind placebo-controlled FIT1
and FIT?2 trials, the efficacy and safety of fostamatinib were
demonstrated in patients with chronic ITP (37). Most adverse
events were mild to moderate, and manageable. Based on these
results, in 2018, the FDA approved fostamatinib for the treat-
ment of chronic ITP in adults who had insufficient response to
prior therapy (36,37). Although the clinical activity of fosta-
matinib has been reported in some hematological and solid
cancers (8,9), the mechanism of action of fostamatinib, other
than as a Syk kinase inhibitor, has not yet been described,
and it has not been approved as an anticancer treatment. In
this study, we discovered a novel function of fostamatinib
by employing a drug repositioning approach via a machine
learning algorithm.

An Al-driven drug repurposing approach, such as MT-DTI,
and computational pharmacogenomics using large-scale
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Figure 2. Fostamatinib suppresses cell proliferation via inhibition of TAM kinases. (A) Cell viability assay of H1299, SCC4 and MB231 cells after BMS-777607
treatment for 48 h; (B) Western blot of p-AXL, AXL, p-MERTK, MERTK and TYRO3 in BMS-777607-treated cells (a-tubulin was used as a loading control);
(C) Cell viability assay of H1299, SCC4 and MB231 cells after fostamatinib treatment for 48 h; (D) Western blot of p-AXL, AXL, p-MERTK, MERTK and
TYRO3 in fostamatinib-treated cells (a-tubulin was used as a loading control). Data are representative of three independent experiments and are presented as
the mean + SD. The statistical significance was analyzed via Student's t-test; “P<0.05 vs. untreated group. TAM, TYRO3, AXL, MERTK; p-, phosphorylated.
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Figure 3. TAK-659, a Syk inhibitor, does not affect TAM signaling. (A) Cell viability assay of H1299, SCC4 and MB231 cells after TAK-659 treatment for 48 h;
(B) Western blot of p-AXL, AXL, p-MERTK, MERTK, and TYRO3 in TAK-659-treated cells (a-tubulin was used as a loading control). Data are representa-
tive of three independent experiments and presented as the mean + SD. The statistical significance was analyzed via Student's t-test. ‘P<0.05 vs. untreated
group. TAM, TYRO3, AXL, MERTK; p-, phosphorylated; Syk, spleen tyrosine kinase.

perturbation databases, provide effective drug discovery and
drug repurposing/repositioning methodologies. As a result,
we predicted fostamatinib to be a drug that can inhibit TAM
RTKs. The inhibitory effect of fostamatinib on TAM kinases
was verified with three different types of cancer cell lines:
lung cancer (H1299), head and neck cancer (SCC4), and
breast cancer (MB231). Fostamatinib significantly decreased
the expression levels of AXL, MERTK, and TYRO3 equally
in all three different types of cancer cell lines, and reduced
cell viability in a dose-dependent manner. For each cell
line, the ICs, values of fostamatinib were between 5 and
10 uM, and the cytotoxic effect of fostamatinib was supe-
rior to that of the pan-TAM kinase inhibitor, BMS-777607.
Regan-Fendt et al (38) investigated the possibility of dasatinib
and fostamatinib as a treatment for hepatocellular carcinoma

using a transcriptomics-based drug repurposing method. They
showed that fostamatinib was able to inhibit the growth of
hepatocellular carcinoma cells with ICy, values between 20
and 35 uM (38). In the experiment using another well-known
Syk inhibitor, the inhibitory effect on TAM kinases was not
shown, indicating it is a unique characteristic of fostamatinib.
Regarding the mechanism of action by which fostamatinib
inhibits TAM receptors, we investigated the potential involve-
ment of proteasomal degradation pathway. Our preliminary
experiment with the proteasome inhibitor, MG132, showed that
MGI132 pretreatment could attenuate the fostamatinib-induced
decrease in both phosphorylated and total protein levels of
AXL and MERTK (data not shown). While these initial find-
ings suggested that fostamatinib might promote TAM receptor
degradation through a proteasome-dependent mechanism, we
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faced significant technical challenges in fully validating this
hypothesis. Specifically, when we attempted to optimize the
MG132 and fostamatinib co-treatment conditions using H1299
cells, the combination showed considerable cellular toxicity
that prevented us from obtaining reliable protein expression
data, particularly for TYRO3 blots. This technical limitation,
combined with the complex nature of receptor tyrosine kinase
regulation, suggests that additional studies using alternative
approaches would be needed to fully elucidate the precise
mechanism by which fostamatinib regulates TAM receptor
stability and function. Further investigation into the role of
fostamatinib as a potential molecular glue degrader (MGD)
might provide additional insights into its mechanism of action,
as MGDs destabilize target proteins by bridging them near
E3 ubiquitin ligases leading to polyubiquitylation and protea-
somal degradation of the target protein.

The TAM family of RTKs, including AXL, MERTK,
and TYRO3, is expressed in hematopoietic-derived cells that
play important roles in efferocytosis, and in the balancing of
immune responses and inflammation (10). TAM kinases are
also overexpressed in a variety of cancers that are associ-
ated with chemoresistance, metastasis, and poor survival
outcomes (10,11). As well as the promotion of tumor cell
survival, proliferation, and invasion through activation of
downstream oncogenic signaling pathways, TAM receptors
contribute to tumor progression through an immunosuppressive
tumor microenvironment and tumor immune escape (12-14).
The key roles of TAM kinases as both oncogenic drivers and
immune system regulators have led to a growing interest in
TAM receptor inhibition, especially in the era of cancer
immunotherapy. Of note, the TAM receptors, in particular
MERTK, have been shown to upregulate the immune check-
point molecule programmed cell death ligand 1 (PD-LI) in
tumor cells (39). These data suggest that TAM tyrosine kinase
inhibitors, in combination with immune checkpoint inhibitors
(ICIs), could enhance treatment efficacy. In support of this
hypothesis, Kasikara et al (40) reported that combined admin-
istration of an ICI with the pan-TAM tyrosine kinase inhibitor
BMS-777607 enhanced tumor-infiltrating lymphocytes and
T-cell-mediated immunity, with improved antitumor activity
in a murine model of triple-negative breast cancer.

Several multitargeted tyrosine kinase inhibitors show the
inhibitory effects of TAM kinases, but few have been specifi-
cally developed as TAM tyrosine kinase inhibitors. Several
TAM-selective inhibitors are currently in development, and
promising agents undergoing clinical trials include bemcen-
tinib and BMS-777607 (10,13). Bemcentinib (also known as
BGB324 or R428) is an orally available, selective inhibitor
of AXL RTK that showed antitumor effects in preclinical
models with multiple cancer cell lines (1,3,10). Bemcentinib
also demonstrated synergistic effects when combined with
IClIs, targeted therapies, and chemotherapeutic agents. As
a result, this drug is now in phase I/II clinical trials for
a variety of cancers, either alone or in combination with
other chemotherapy regimens including ICIs (7,10,39).
BMS-777607 was initially designed as a selective and
orally available MET kinase inhibitor, but it was found to
have a role as a potent pan-TAM inhibitor. BMS-777607
also demonstrated antitumor activity in in vivo models of
several cancers, and it is now undergoing phase I/1I clinical
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trials in patients with advanced tumors (7,8,35,40). Despite
some of these promising drugs, there are still unmet needs
for more potent TAM kinase inhibitors with good safety
profiles as new anticancer agents. The first consideration is
the relative potency of the drug against the target. Previous
studies indicate that inhibiting only one of three TAM
receptors may not be effective because of the induction of
compensatory activation of the other subunits (11,16). In
preclinical models, MERTK inhibition alone was not suffi-
cient to impact tumor growth, and some small-molecule
inhibitors of AXL or MERTK showed low inhibitory
potency against targets (7). In addition, some studies
showed that AXL expression was increased after treatment
with bemcentinib (41). This increase is caused by the inhibi-
tion of ubiquitination and degradation of AXL receptors by
AXL phosphorylation blocking with small-molecule AXL
inhibitors (42). Further research is needed to determine
whether the paradoxical upregulation of AXL protein could
have the potential to reverse any desired effect of treatment.
Based on these previous data, we chose BMS-777607, the
same pan-TAM inhibitor, instead of bemcentinib, a selec-
tive AXL inhibitor, to compare the efficacy of fostamatinib.
Second, the potential concern of TAM kinase inhibition is
about safety issues. TAM receptors are expressed in a wide
range of tissues and have crucial roles in the maintenance
of an organ's normal functions. Furthermore, because
of their role in diminishing the innate immune response,
any sustained TAM kinase inhibition may lead to adverse
immune or inflammatory reactions, such as autoimmunity;
thus, careful monitoring is required (39).

Taken together, TAM family kinases are distinct onco-
genic drivers of novel anticancer targets through their
promotion of tumor cell survival, proliferation, invasion, and
chemoresistance, as well as their suppression of antitumor
immunity. This study suggests that fostamatinib has the
potential to be a novel anticancer agent through its inhibition
of TAM tyrosine kinase. In addition, its efficacy is expected
to be better than other previous TAM kinase inhibitors. An
Al-driven drug-target interaction prediction model, such
as MT-DTI, can contribute to the development of targeted
therapy and be a powerful tool for drug repurposing. Further
validation is warranted in animal models and clinical trials
of patients with various types of cancer. Additional investiga-
tion into the role of fostamatinib in immune modulation in
the tumor microenvironment, and in combination therapy
with ICI, may provide clinically useful information for a new
therapeutic strategy.
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