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CANCER THERAPY - that induces cancer cells into
senescence and then kills the senescent cells

The strategy you're describing is now a very active area: deliberately push cancer cells into
therapy-induced senescence, then apply senolytic or immune-mediated approaches to
eradicate those senescent cells and residual disease. 1) 2 3]

Concept: “Induce then Kill” Strategy

* Conventional DNA-damaging therapies (chemo, radiotherapy, PARP inhibitors, some
targeted agents) commonly drive a subpopulation of tumor cells into a senescent or
senescence-like arrested state instead of straightforward apoptosis. 2 11l

* These therapy-induced senescent cancer cells (TISCCs) are non-proliferative but
metabolically active and highly secretory (SASP), and can promote immune evasion,

resistance, and progression if left in place. 2!

* The emerging therapeutic paradigm is two-step: (1) use senescence-inducing therapy to
halt proliferation, then (2) follow with senolytic or immunogenic “senolysis” to selectively
clear the TISCC compartment. =l 2 1l

Inducing Senescence in Cancer Cells

¢ DNA damage and replication stress are classic triggers: many standard chemotherapies and

radiotherapy induce irreversible or reversible senescence marked by p21, p16, and
checkpoint activation. 2 1

® In high-grade serous ovarian cancer (HGSOC), PARP inhibition has been shown to induce a

reversible senescence-like phenotype dependent on p21 and CHK2, creating a
drug-tolerant arrested state. [2!

e Targeted agents and transcriptional inhibitors (e.g., CX-5461/pidnarulex, an RNA Pol
I/topoisomerase II inhibitor in early clinical trials) can drive a p53-independent
DNA-damage response and senescence-like states in hematological and solid tumors. 2!

Killing Senescent Cancer Cells: Senolytics

GPX4-ferroptosis senolytics

* Recent work from LMS/Imperial identified senescent “zombie” tumor cells as highly
dependent on the lipid-peroxidation defense enzyme GPX4; blocking GPX4 unmasks a
ferroptotic death program. 4l 51 [l



* Screening of >10,000 compounds yielded several that selectively kill senescent cells while
sparing non-senescent cells; three converged on GPX4 as the target. 2! (€]

* In mouse models of melanoma, prostate, and ovarian cancer, combining standard
anticancer therapies (which induce senescence) with GPX4 inhibitors eliminated senescent
tumor cells, reduced tumor burden, and improved survival. (€ 4

Mechanistically: therapy - TISCCs accumulate iron and lipid ROS but survive via GPX4; GPX4
inhibition - catastrophic ferroptosis specifically in the senescent cells. 4! [2 [€]

BCL-2/BCL-xL-targeting BH3 senolytics

¢ Senescent cells (including TISCCs) often upregulate pro-survival BCL-2 family proteins;
BH3 mimetics such as ABT-263 (navitoclax) can act as senolytics by displacing these
proteins and triggering apoptosis. 2

¢ In HGSOC models, synthetic lethality was observed between PARP-induced senescence and
ABT-263: PARP inhibition creates a senescent, drug-tolerant cancer cell pool that becomes
vulnerable to BCL-2/BCL-xL/BCL-W inhibition. 2

* More recent work links senolytic efficacy of BCL-xL-targeting BH3 mimetics to
mitochondrial fuel use and SASP-NF-xB signaling; mitochondrial bioenergetic “heritage”

sets an upper bound (“senolytic ceiling”) on how effectively these agents can clear TISCCs.
m

Metabolism-targeted senolytics

* Senescent cells characteristically rewire metabolism (fatty-acid oxidation, mitochondrial
function) to sustain SASP and survival, and these adaptations create targetable
vulnerabilities. & [7

* Work on therapy-induced senescent cancer cells shows a crosstalk between mitochondrial
bioenergetics and inflammatory SASP that determines the response to BH3 senolytics;
disrupting this crosstalk can amplify senolytic kill. [/

Immune-Mediated Destruction of Senescent Cancer Cells

* TISCCs act as bidirectional regulators of antitumor immunity: they present neoantigens
and SASP signals that can recruit and activate immune cells, but they also produce factors
that promote immune suppression and resistance. [/

* Arecent PNAS study describes an antibiotic that, when combined with
senescence-inducing therapy, converts senescent cancer cells into a highly immunogenic
target, mediating immune destruction of those cells. 2!

* Inthat work, senescence induction followed by the antibiotic produced a cell-death
phenotype that stimulated potent antitumor immunity, effectively coupling senescence
induction with immune-driven senolysis. 2!



Tumor Microenvironment: Senescent Stromal and Immune Cells

* Senescent macrophages within tumors, as well as cancer-associated fibroblasts (CAFs), can
both sense and enforce senescence in cancer cells and modulate death versus survival
pathways.

® CAFs have been described as “senescence sentinels” and death regulators: they can induce
tumor cell senescence via paracrine signals, but also support survival of senescent and
non-senescent tumor cells, suggesting that combined senescence-inducing and senolytic
strategies may need to target both tumor cells and stromal senescent compartments.

Translational Architecture: How a Two-Step Regimen Might Look

For an oncologic protocol deliberately built on “induce then kill,” the conceptual sequence is:

1. Senescence-inducing phase

© Use DNA damage-based modalities (chemo, radiotherapy, PARP inhibitor, CX-5461,
etc.) at doses and schedules known to generate a substantial TISCC population in the
specific tumor type. 2 2

© Confirm therapy-induced senescence by biomarkers: p16/p21, SA-3-gal, SASP factors,
and cell-cycle arrest, ideally with single-cell or spatial profiling to quantify the
senescent burden. 1!

2. Senolytic / senolysis phase

o Introduce GPX4-targeting senolytics to exploit ferroptotic vulnerability in TISCCs, or
BH3 mimetics (ABT-263; newer BCL-xL-sparing derivatives) to trigger apoptosis in
senescent cells. [ 4] 2]

© Alternatively or in combination, apply agents that render TISCCs more immunogenic
(e.g., the antibiotic described in PNAS) and pair with immunotherapy to facilitate
immune clearance. 2/

© Optimize sequence and timing to minimize toxicity (e.g., platelet toxicity from BCL-xL

inhibition) and maximize selective killing of senescent vs non-senescent cells. [} 2]

3. Microenvironment and systemic considerations

o Evaluate senescent macrophages and CAFs as both targets and modulators, as their
senescence status can influence overall response and resistance.

o Integrate metabolic profiling (mitochondrial fuel use, iron handling) to predict which
senolytic axis—ferroptosis versus BCL-2 family—will be most effective for a given
tumor and prior treatment history. [ 2

Where the Field Is Now

* GPX4-targeting senolytics and related compounds are at the preclinical stage, with strong
mouse data but not yet standard of care in humans. (2! [4] [6]

* BH3-mimetic senolytics (ABT-263 and analogues) are further along clinically but limited by
hematologic toxicity; structural modifications and more selective BCL-xL inhibitors are
being developed to widen the therapeutic window for senolytic use. [ 2



Immune-mediated destruction of senescent cancer cells via senescence-inducing therapy
plus immunogenic adjuvants (like the described antibiotic) is a very new concept,
currently in preclinical/early translational stages.

Given your background, are you most interested in designing a conceptual regimen for a

specific tumor type (e.g., HGSOC, melanoma, prostate), or in identifying concrete molecular

targets and classes of compounds to pursue experimentally on the

senescence-induction/senolytic side?

Could you list some specific senolytic small molecules

Here’s a concise list of well-characterized small-molecule senolytics, grouped by mechanism
and with at least one cancer-relevant angle where known, 221 221 [231 [24] [25]

Tyrosine kinase and flavonoid senolytics

Dasatinib (D) - multi-target tyrosine kinase inhibitor; prototype senolytic active against

senescent preadipocytes and some mesenchymal cell types. 2] [21]

Quercetin (Q) - flavonoid with multi-target effects (PI3K, others); senolytic in senescent

endothelial and bone-marrow stromal cells; commonly used as D+Q combo. 2] [26]

Fisetin - structurally related to quercetin; cell-type-specific senolytic with activity in
several senescent cell models and in vivo aging paradigms. [22] [24]

BCL-2 family (BH3 mimetic) senolytics

Navitoclax (ABT-263) - BCL-2/BCL-xL/BCL-w inhibitor; potent senolytic across multiple
senescent cell types, including therapy-induced senescent cancer cells, but limited by
thrombocytopenia. (23] [24] [21]

ABT-737 and related BH3 mimetics - similar anti-apoptotic BCL-2 family targeting;
senolytic activity shown in preclinical senescent cell models. 23] [21]

HSP90 inhibitor senolytics

17-DMAG (alvespimycin) - HSP90 inhibitor with demonstrated senolytic activity in various
senescent cell types. [24] [23]

Geldanamycin - classic HSP90 inhibitor, also reported to display senolytic properties. 23l

17-AAG (tanespimycin) - another HSP90 inhibitor with senolytic effects in experimental
systems. 1231



Nucleoside analog / prodrug senolytics

* Gemcitabine (galacto-modified SSK1) - a galactose-modified gemcitabine prodrug
(“senescence-specific killing compound 1”) that is preferentially activated in senescent
cells, reducing their viability across multiple models. 22!

Other notable small-molecule senolytics

* FOXOs-related and PI3K-targeting flavonoids - several derivatives of quercetin/fisetin and
other polyphenols with selective senolytic activity, often via PI3K/AKT and survival

pathway modulation. 22! [24]

* Emerging proprietary small molecules (e.g., STX519, STX43) - next-generation senolytics
in development with more selectivity and better pharmacokinetics than first-generation
agents, currently in preclinical/early clinical stages. (&7 24l

If you'd like, I can narrow this down to the most relevant candidates for therapy-induced
senescent cancer cells specifically (e.g., ABT-263, HSP90 inhibitors, GPX4-targeting compounds)
and map them to particular tumor models and dosing paradigms.

***

Clinical trial status of senolytic compounds in
oncology

In oncology, senolytics are mostly in early-stage or adjunct trials; none is yet approved
specifically as an anticancer senolytic, but several cancer drugs are being repurposed or
engineered for senolysis in patients, (22 30 [31]

Big-picture clinical status

® Reviews up to 2024-2026 note >30 human senolytic trials across indications, but no therapy
has achieved formal approval for senolytic use, and evidence of robust clinical benefit

remains limited. 311 (22!

* In oncology specifically, senolytics are being tested mainly as add-ons to chemotherapy or
immunotherapy, or via repurposing existing cancer agents (e.g., navitoclax, RG-7112,
gemcitabine derivatives) to clear therapy-induced senescent cells. 2% (31

Navitoclax (ABT-263) and BH3 mimetics

* Navitoclax, a BCL-2/BCL-xL/BCL-w inhibitor, has strong preclinical senolytic activity
against therapy-induced senescent cancer cells and stromal cells, but clinical use is limited
by thrombocytopenia and neutropenia at doses needed for senolysis. 22 221

* A comparative Nature Aging analysis in 2026 highlighted these hematologic toxicities as a
major barrier to using navitoclax as a systemic senolytic in humans, including in cancer
settings. 22



GPX4-targeting/ferroptosis senolytics

* The Imperial/MRC group has identified GPX4 dependence as a senescence vulnerability
and tested GPX4-modulating senolytics in mouse cancer models with improved tumor
control, but these remain preclinical. 22

* Rubedo’s lead GPX4 modulator RLS-1496 has reported positive preliminary Phase 1 results
in the first human trial of a GPX4-targeting senolytic, but this is in aging/degenerative
contexts; oncology-specific trials are not yet reported as advanced. =

Gemcitabine-based senolytics (SSK1 and analogs)

® Galactose-modified gemcitabine (SSK1) is a prodrug designed for senescence-specific

activation; preclinical data show selective killing of senescent cells across several models.
[31]

* Asof 2024-2026 reviews, SSK1-like constructs are in preclinical/early translational stages,
with anticipated movement into clinical testing but no completed oncologic senolytic trials
yet published. 32

Senolytics impacting cancer treatment indirectly

* Senolytic combinations (e.g., dasatinib + quercetin, fisetin) have been tested clinically, but
mainly for age-related or systemic indications; senolytic trials so far show “subtle” or
mitigated benefits and no clear, strong efficacy signal in humans. 34/ (22

* A 2025 translational study showed that senolytic treatment can prevent
doxorubicin-induced vascular endothelial dysfunction, illustrating how senolytics might
be used to manage chemotherapy toxicity rather than directly as anticancer agents. (3]

Immunotherapy-adjacent oncologic trials

* A 2025report described a senolytic drug combination that targets immune cell aging to
overcome resistance in head and neck cancer treatment, with a phase II trial launched
showing lower toxicity and promising responses; this reflects an
immunosenescence-directed senolytic approach rather than direct tumor senolysis. 2

* Conceptually, this aims to rejuvenate exhausted or senescent immune cells to enhance
checkpoint inhibitor efficacy, a different but closely related senotherapeutic axis in
oncology. 21 36l

Regulatory and design constraints

* Major reviews emphasize that current clinical senolytic programs in cancer are
constrained by: lack of in vivo senescence biomarkers; off-target toxicity (especially
hematologic); and incomplete understanding of beneficial vs harmful senescent cell
subsets in tumors and stroma. (20 22 [31]

e Emerging aptamer-based detection systems from Mayo Clinic and others aim to tag
senescent cells in living tissue, potentially enabling more precise senolytic dosing and
patient selection in future oncologic trials. 34/ (2]



If you're thinking about a specific application—e.g., TISCC clearance post-PARP or chemo in a
defined tumor type—I can try to map the most advanced senolytic class (BH3 mimetics, GPX4
modulators, prodrug nucleosides) onto that indication and flag current trial designs or gaps.
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