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Combination therapy with WEE1 inhibition and trifluridine/tipiracil against
esophageal squamous cell carcinoma
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This study explores a potential therapeutic strategy for esophageal squamous
cell carcinoma (ESCC). Despite recent advances in cancer treatment, the
prognosis for patients with ESCC remains poor and ESCC remains one of the
deadliest cancers. The researchers investigate a novel therapeutic strategy
based on synthetic lethality combining a drug called TAS-102, which consists of
trifluridine (FTD) and tipiracil (TPI), together with a WEE1 inhibitor as a potential
treatment for ESCC.

FTD/TPI is an orally administered drug formulated as a fixed combination (1:0.5)
of FTD and TPI. FTD is incorporated into DNA as a thymidine analog that
induces DNA damage, whereas the TPl component inhibits the degradation of
FTD so that the blood concentration of FTD is maintained. In previous clinical
research, FTD/TPI showed efficacy against refractory metastatic gastric cancer
and colorectal cancer. However, this single treatment’s antitumor effect against
ESCC was not sufficient.

Synthetic lethality is a concept in genetics and cancer research where the
simultaneous disruption or perturbation of two specific pathways or genes in a
cell leads to cell death or vulnerability to DNA damage. This concept is often
exploited in cancer therapy and drug development to target cancer cells while
sparing normal cells. In ESCC, the TP53 gene, a crucial component of the ATM-
CHK2-p53 pathway governing DNA damage response, is frequently mutated.
Consequently, ESCC heavily relies on the ATR-CHK1-WEE1 pathway to
safeguard DNA integrity. Therefore, it is hypothesized that a combination
therapy with WEE1 inhibitor for TP53-mutant ESCC may effectively induce
synthetic lethality by inhibiting DNA damage response through perturbation of
these two pathways, resulting in efficacy of ESCC treatment.

FTD induced single-strand DNA damage in ESCC cells, as evidenced by
phosphorylation of replication protein 32, leading to the activation the ATR-
CHK1-WEE1 pathway. Subsequently, p-CHK1 and p-CDK1, inactivated forms of
CDK1, were induced, indicating cellular DNA damage response (DDR)
activation. CDK1, a member of the cyclin-dependent kinases (CDK) family, can
drive cells into mitosis by combining with cyclin B at the late G2 stage.
Meanwhile, CDK1 inhibition is also reported to be associated with the DDR
process. Indeed, CDK1 activity is reported to be regulated tightly by WEE1, a
downstream substrate of DDR. Taken these together, it is suggested that
deactivation of CDK1 causes a temporary pause of the cell cycle to allow for
cellular DNA damage repair before proceeding to mitosis.

Next, a WEE1 inhibitor, MK1775, was shown to suppress CDK1 phosphorylation
(Tyr15) and reactivated CDK1 in ESCC cells, indicating inhibition of DDR and
allowing the cells to move into mitosis, indicated by the increase of phospho-
histone H3-positive cells.

These results support the hypothesis that the combination of FTD and the WEE1
inhibitor, MK1775, induces an increase of mitotic cells without FTD-induced DNA
repair leading to cell death.

Subsequently, the data showed that FTD combined with a WEE1 inhibitor
increased FTD-mediated DNA damages, namely, DNA double-strand breaks, as
indicated by increased y-H2AX expression in vitro. The addition of MK1775
induced the sensitivity of FTD-treated ESCC cells and remarkedly decreased
ICs0 concentration of FTD compared with monotherapy. Moreover, the
combination treatment with FTD/TPI and WEE1 inhibitor significantly
suppressed tumor growth of ESCC-derived xenograft models. No significant
adverse events were observed during the treatment. These results suggest an
opportunity to apply this combination in a future clinical trial.

Through these experiments, it is revealed that the novel combination therapy
between FTD/TPI and a WEE1 inhibitor is a robust candidate for a novel
treatment strategy for ESCC.
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