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ABSTRACT

Lurbinectedin is a DNA-binding inhibitor of transcription that potently induces immunogenic cell
death (ICD). In June 2020, the Federal Drug Administration (FDA) approved lurbinectedin for the
salvage treatment of small-cell lung cancer that has relapsed from platinum compound-based first-
line chemotherapy. Thus, the clinical activity of lurbinectedin may originate, at least in part, from the

induction of ICD.

Chemotherapeutic agents have been conceived as cytotoxic
compounds that selectively kill cancer cells yet spare normal
cells, thus ridding the body from malignancy. Over the past
15 years, it has become clear that there is no possible cure for
cancer unless the therapeutic intervention stimulates a potent
antitumor immune response. Even transient effects that lead to
a significant extension of patient survival rely to a large extent
on the capacity of the immune system to control tumor
progression.'

The most important mechanism through which chemother-
apy achieves the stimulation of anticancer immunity involves
the induction of immunogenic cell death (ICD).> Malignant
cells that succumb to ICD emit a series of stress signals in the
form of danger-associated molecular patterns (DAMPs) that
act on pattern recognition receptors (PRRs) to attract dendritic
cell (DC) precursors into their vicinity (with the DAMP ATP
acting on purinergic receptors and the DAMP annexin Al
acting on the PRR formyl peptide receptor-1),>* transfer
tumor-associated antigens via phagocytosis into such DCs
(with the DAMP calreticulin on the surface of dying cells acting
as an ‘eat-me’ signal on the PRR CD91), and stimulates the
activation/maturation of the DC (with the DAMP high mobi-
lity group Bl acting on the PRR Toll-like receptor 4). In
addition, ICD causes the recruitment of T cells into the
tumor bed (secondary to the activation of the PRR Toll-like
receptor 3 by ectopic nucleotides and a Type-1 interferon
response) so that they can be educated by DC and finally
launch an attack against residual cancer cells.”

Unfortunately, many cytotoxic agents are unable to stimu-
late ICD. Only a fraction of particularly efficient anticancer
drugs are able to trigger the premortem stress responses that
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characterize ICD. Although there is a necroptotic variant of
ICD,”> human cancers usually invalidate the necroptotic path-
way (due to the silencing of either RIP3 or MLKL), meaning
that ICD usually occurs in the context of apoptosis, requiring
the activation of caspases.® In this context of apoptotic ICD,
cell death is preceded by a pathognomonic event, which is the
activation of the ‘integrated stress response’ (ISR), consisting in
the phosphorylation of serine 51 in eukaryotic initiation factor
2a (elF2a) by upstream kinases.”® This ISR is usually activated
downstream of the inhibition of DNA to RNA transcription
and constitutes a central event for ICD at two levels. First, the
ISR is required for the autophagy-dependent release of ATP
from dying tumor cells. Second, the ISR is essential for the
translocation of calreticulin from the endoplasmic reticulum
lumen to the cell surface.’

We recently performed a systematic analysis of che-
motherapeutic drugs, observing that drugs that inhibit tran-
scription are particularly efficient ICD inducers. Thus,
dactinomycin (also known as actinomycin D), a prototypic
inhibitor of transcription that has been used for this purpose
by generations of cellular and molecular biologists, turned out
to be a particularly efficient ICD inducer that causes tumor
growth control in preclinical models only if the immune
system is intact, through a T cell-dependent mechanism that
can be boosted by combination with PD-1 blockade.®
Lurbinectedin is a cytotoxicant that binds to DNA and inhi-
bits transcription.’® Accordingly, lurbinectedin also triggers
ICD and induces potent anticancer immune responses in
preclinical models.""

Small-cell lung cancer is a disease with a notoriously bad
prognosis. The initial treatment is usually a combination of
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Figure 1. Clinical development of lurbinectedin for the treatment of
small-cell lung carcinoma. a. Current FDA-approved use of lurbinectedin,
as a salvage therapy after failure of platinum compound-based chemother-
apy. b. Hypothetical use of lurbinectedin as a first-line treatment. c.
Hypothetical combination of lurbinectedin used in first or second line with
PD-1/PD-L1-blocking antibodies.

platinum compounds (cisplatin or carboplatin) with etoposide
that often leads to a partial or even apparently complete
response, yet is invariably followed by a relapse of the disease
that then manifests in a chemotherapy-resistant form.'* It
should be noted that cisplatin and etoposide are rather poor
ICD inducers, providing an explanation for this observation.*”
Although both drugs kill a substantial portion of tumor cells,
they are unable to induce an immune response that would
provide long-term effects to the patients. From this perspective,
the introduction of a potent ICD inducer like lurbinectedin
into the clinics (Figure 1a), initially as a second-line treatment
appears a logical development." Although the formal proof for
this conjecture is still elusive, two interesting future develop-
ments await urgent exploration. First, it will be interesting to
know whether lurbinectedin might be useful as a first-line
treatment, thus avoiding the patient with small-cell lung cancer
to endure a debilitating (and perhaps even immunosuppres-
sive) platinum-based chemotherapy (Figure 1b). Second, it will
be important to clarify whether lurbinectedin might be advan-
tageously combined with immune checkpoint inhibitors (ICIs)
targeting the PD-1/PD-L1 interaction (Figure 1c). Indeed, for
other cancers, there are multiple examples in which ICD indu-
cers have been successfully combined with ICIs, both preclini-
cally and clinically,” strongly suggesting that this might be an
adequate strategy for the clinical management of small-cell
lung cancer.
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