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The concept of precision medicine aims to identify the optimal
treatment for a given patient. There are essentially 2 main strat-
egies that guide this approach: (1) Static omics-driven profiling
to identify actionable molecular alterations for targeted therapy
and (2) functional profiling,"? where living cancer cells are di-
rectly exposed to drugs and the dynamic responses such as in-
creased cell death, reduced proliferation, or decreased cancer
cell numbers are measured to assess the anti-tumor activity of
the drugs. In the context of glioblastoma, actionable mutations
are rare, and therefore -omics-driven approaches lead to per-
sonalized treatments only in a minority of patients.3 Therefore,
functional precision medicine approaches are emerging as an
attractive alternative. These functional platforms typically relied
on patient-derived models, such as cell lines, patient-derived
organoids (PDO),* or patient-derived xenografts.> However,
generating these models can be time-consuming and success
rates vary by tumor type, with more aggressive cancers gener-
ally having a higher chance of successful model establishment.
An alternative approach is to use acute tumor samples directly,
without the need for cultivation.

In the current study, Lee et al.? “High-throughput identifi-
cation of repurposable neuroactive drugs with potent anti-
glioblastoma activity” published in Nature Medicine, we
employed an ex vivo drug testing platform using acutely
dissociated glioblastoma patient samples. This platform inte-
grates immunofluorescence with automated microscopy and
computer vision and machine learning algorithms to examine
drug effects within a brief ex vivo cultivation period of 48 h,
which preserves cellular heterogeneity. The platform provides
readouts on a single-cell level, enabling not only to quantify
the anti-cancer efficacy of each drug, but also to evaluate its
specificity for malignant versus nonmalignant cells. While this
method has been applied to hematological malignancies,’ this
is the first study of its use with brain tumor samples.

In the study, we profiled dissociated tumor samples from
27 glioblastoma patients with confirmed IDH-wildtype status
using a drug library of 132 compounds, 67 of which are

repurposable neuroactive drugs typically used for neurolog-
ical disorders like epilepsy, psychiatric disorders, or neurode-
generative diseases. We found that higher ex vivo responses
to temozolomide, the standard chemotherapeutic drug for gli-
oblastoma, were associated with longer progression-free sur-
vival and overall survival. Additionally, we identified several
promising neuroactive drugs as candidates for repurposing,
with the antidepressant vortioxetine showing the strongest
selective reduction in cancer cells compared to nonmalignant
cells. This promising anti-glioma activity was further validated
in complementary in vitro experiments using glioma cell lines
and in vivo studies involving 2 orthotopic xenograft glioma
mouse models. In the mouse models, vortioxetine prolonged
the survival as monotherapy and exhibited synergistic effects
when combined with temozolomide and lomustine. Other
neuroactive drugs, including the antidepressants paroxetine
and fluoxetine and the antipsychotic brexpiprazole, showed
more modest anti-glioma activity.

To elucidate the mode of action, we used a range of exper
imental approaches including transcriptomic and proteomic
profiling after drug exposure, as well as machine learning al-
gorithms to identify key genes that differentiate drugs with
anti-glioma activity from those without. This revealed that the
neuroactive drugs with anti-glioma activity triggered a rapid
calcium influx, followed by an upregulation of genes associated
with the activator protein-1—B cell translocation gene pathway.

This study represents significant progress toward the broader
application of functional precision medicine in neuro-oncology.
It demonstrates the feasibility of rapid, ex vivo drug testing plat-
forms that work directly with acute patient samples, avoiding
the need for time-consuming cultivation. Additionally, it may
underscore the potential of drug repurposing, particularly when
combined with standard-of-care treatments.

However, several limitations remain. One limitation is the
short 48-h drug exposure duration, which primarily meas-
ures cytotoxic effects and may overlook drugs with cytostatic
properties that inhibit tumor growth over a longer period.
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Therefore, other functional precision platforms with longer
treatment durations, such as PDO, are likely to provide
complementary information. Moreover, modes of action
like anti-angiogenesis can barely be assessed. Another
limitation of such ex vivo platforms is the potential discrep-
ancy between the drug concentrations tested ex vivo and
the actual concentrations to which tumors are exposed in
patients. Moreover, the platform depends on the sufficient
amount and quality of tumor tissue, emphasizing the im-
portance of standardized, nondestructive tissue extraction
methods and tissue handling. Finally, the platform relies
on markers and morphologies to distinguish cancer cells
from nonmalignant cells. This means the results only pro-
vide a proxy of anti-tumor activity, particularly for cancers
where no perfect marker exists, like glioblastoma.

Future directions are multifaceted. From the research
perspective, such precision medicine platforms could be
particularly useful for studying tumors that are difficult to
culture, such as meningiomas or isocitrate dehydrogenase
(IDH)-mutant gliomas. From a clinical standpoint, there is
a clear need for further validation through rigorous clinical
trials. The clinical utility of potential personalized, precision
treatments based on such platforms should be thoroughly
assessed in prospective, ideally randomized clinical trials,
and some efforts in this direction are currently underway.
Furthermore, we need a clinical trial to evaluate the anti-
glioma activity of vortioxetine in glioblastoma patients
and caution patients against using antidepressants like
vortioxetine outside of clinical trials, as the current find-
ings are based solely on preclinical studies. We envision
a randomized trial investigating vortioxetine in combina-
tion with standard-of-care treatment versus standard care
alone in newly diagnosed glioblastoma patients.
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