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Novel galenic formulations for delivering immunochemotherapies: kill intelligently,
remove the checkpoint and let the T cells in!
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Anticancer immunotherapy has revolutionized the clinical
routine of antineoplastic regimen offering novel treatment
options for patients with advanced and therapy-resistant dis-
ease. In particular immune checkpoint blockade (ICB) with
monoclonal antibodies targeting the PD-1/PD-L1 interaction
to restore T cell function, has shown promising effects that last
beyond treatment discontinuation. Nevertheless, ICB is often
overshadowed by severe side effects and only efficient in
a minority of patients, resulting in an objective response rate
of only 20-40% even under optimal conditions."

The induction of immunogenic cell death (ICD) in malig-
nant cells is yet another immunotherapeutic approach that
aims at increasing the adjuvanticity of cancers, thus favoring
the dendritic cell (DC)-mediated presentation of tumor anti-
gens to cytotoxic T lymphocytes. ICD leads to the release of
danger associated molecular patterns (DAMPs) such as ATP
and annexin Al from stressed and dying cancer cells. ATP and
annexin Al facilitate the chemoattraction and chemotaxis of
DCs. Moreover, the ICD-associated surface exposure of calre-
ticulin and the exodus of HMGBI from the malignant cells
promote the transfer of tumor antigens into DCs and their
subsequent processing, thus favoring the ignition of T cell-
mediated adaptive immunity.” Recently, the inhibition of
DNA-to-RNA transcription by cytotoxic drugs was described
as a cardinal mechanism governing ICD.’

Several preclinical studies have shown that ICD induced
by chemotherapy or radiotherapy sensitizes to subsequent
immunotherapy.* Thus, ICD induction with oxaliplatin and
cyclophosphamide sensitized non-small cell lung cancers
(NSCLC) expressing oncogenic Kras and lacking Trp53 to
anti-CTLA-4 and anti-PD-1-mediated double ICB.” Along
similar lines the combination of cisplatin with the ICD
enhancer crizotinib sensitized NSCLC models to subse-
quent PD-1 blockade, leading to the cure of ~90% of
orthotopic lung cancers.® These findings have been corro-
borated by a clinical trial showing that the pretreatment
with the ICD inducer doxorubicin increased the likelihood
of response to PD-1 blockade in women with triple nega-
tive breast cancer.”® It needs to be mentioned that this trial

had only a limited number of patients in Phase I and that
the results showed some degree of inter-arm variability.’

In a recent issue of Science Advances, Wu and colleagues
described a novel approach for the functional combination of
ICD and ICB with the additional expression of extracellular
matrix (ECM)-degrading hyaluronidase, together yielding ele-
vated levels of tumor associated CD8" T-cells and resulting
anticancer immunity in several subcutaneous models of
cancer.'® This so-called “cocktail therapy” consists of an acid-
responsive nanoparticle-delivery system facilitating the tumor-
specific delivery of ICD-inducing doxorubicin and the parallel
distribution of a plasmid encoding a small hairpin RNA target-
ing PD-L1 as an alternative to antibody-mediated ICB. Indeed,
this cocktail therapy can be administered intravenously, and
the nanoparticles (which either contain doxorubicin or DNA)
are then preferentially taken up by tumor cells located in an
acidic milieu, thus avoiding the cardiotoxicity of doxorubicin
and the immune-related (systemic) adverse effects of PD-L1
blockade, but achieving a local ICD and ICB effect.'” However,
the immunogenic chemotherapy and PD-L1-targeting gene
therapy had to be combined with the delivery of DNA encod-
ing for hyaluronidase to be optimally efficient, pointing to an
important immunosuppressive role for the ECM that inhibits
tumor infiltration by peripheral T cells (Figure 1). Cocktail
therapy achieved tumor eradication of BI6F10 melanoma in
5 out of 6 mice and allowed prolonged tumor growth control in
several other models of subcutaneous cancers. Furthermore,
cocktail therapy led to the generation of CD8™ effector memory
T cells in the spleen, inhibited the establishment of lung
metastasis and prolonged overall survival. Altogether, this
study underlines the efficacy of combinations of ICD and
ICB, that can be optimized by tumor-targeted delivery systems
as well as by approaches targeting ECM.'°

In sum, the work by Wu et al. introduces a toolbox for the
targeted induction of ICD, subversion of the immunosuppres-
sive tumor microenvironment, as well as the restoration of
T-cell mediated immunity. It will be interesting to witness if
all (or some) of these strategies will have translational value
and hence will be successfully evaluated in cancer patients.
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Figure 1. The cocktail therapy consists of a nanoparticle-mediated targeted delivery to the tumor of doxorubicin and a co-delivery of plasmids coding for a small hairpin
RNA specific to PD-L1 (pshPD-L1) and hyaluronidase (pSpam1). The immunogenic chemotherapeutic doxorubicin induces immunogenic cell death (ICD) in the tumor
and leads to the emission of danger associated molecular patterns (DAMPs) that facilitate the attraction and maturation dendritic cells (DCs) and the priming of T cells.
shRNA-mediated PD-L1 downregulation in the tumor mimics the effect of immune checkpoint blockade, thus reestablishing T-cell functionality. Furthermore,
hyaluronidase expression targets the immunosuppressive extracellular matrix (ECM) and facilitates the infiltration of peripheral T cells. The combination of
immunogenic chemotherapy with gene therapy-mediated immune checkpoint blockade and ECM degradation results in efficient anticancer immunity.
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