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Alemany M, et al. Reaching the point-of-no-return: The

cornerstone of glioblastoma treatment?

The findings of: Alemany M, Bruna J, Yuste VJ. Reaching the point-of-no-return: The cornerstone of

glioblastoma treatment? Neurooncol Adv. 2025 Aug 6;7(1):vdaf174. doi: 10.1093/noajnl/vdaf174. PMID:

40980441; PMCID: PMC12448694.

Here is a summary and interpretation of the key findings, arguments, and implications of “Reaching the

point-of-no-return: The cornerstone of glioblastoma treatment?” by Alemany, Bruna & Yuste (2025).

PMC+2OUP Academic+2

Background & Rationale

The authors frame a central challenge in cancer (and particularly glioblastoma) therapy: it is not

enough to initiate cell-death pathways; one must push cells beyond a threshold at which reversal is

no longer possible (the “point-of-no-return”). PMC+1

In glioblastoma, there is evidence that many tumor cells resist full execution of regulated cell death

(RCD) even when death signals are activated — e.g. by failing to complete nuclear fragmentation

or DNA cleavage. PMC+2OUP Academic+2

The review argues that deficiencies in one particular endonuclease, DFF40/CAD (aka CPAN), are

a key bottleneck. Because DFF40/CAD is required for full chromatin fragmentation and nuclear

disassembly, its dysfunction may allow glioblastoma cells to survive even after partial activation of

apoptosis. PMC+1

Key Concepts & Mechanistic Proposals

Here are the main mechanistic points and hypotheses advanced in the paper:

1. What is the “point-of-no-return”?

The authors review candidate irreversible events in cell death: caspase activation,

mitochondrial outer membrane permeabilization (MOMP), endoplasmic reticulum (ER)

stress/UPR failure, plasma membrane permeabilization, DNA fragmentation, and nuclear

fragmentation. PMC+1

They argue that many of these do not always represent irreversible commitment: e.g. cells

can reverse after limited caspase activation or partial MOMP under some conditions. PMC+1
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In contrast, nuclear fragmentation (karyorrhexis) is proposed as a truly irreversible hallmark:

once the nucleus has broken into membrane-enclosed fragments, recovery is no longer

feasible. PMC+1

2. Role of DFF40/CAD in executing the point-of-no-return

DFF40/CAD (Caspase-Activated DNase) is activated by caspases (via cleavage of its

inhibitor ICAD/DFF45) and then mediates oligonucleosomal DNA fragmentation and nuclear

disassembly. PMC+1

In glioblastoma, the authors point out several possible defects: low expression of

DFF40/CAD, insufficient activation by caspases, mislocalization, or interference by inhibitors.

These defects may prevent complete DNA cleavage and nuclear fragmentation even when

upstream apoptotic signals are engaged. PMC+2OUP Academic+2

A “sublethal” or incomplete activation of DFF40/CAD might paradoxically promote genomic

instability and more aggressive phenotypes, because partial DNA breakage without full

fragmentation may not trigger full death but alter the genome. PMC

3. Glioblastoma’s resistance across multiple RCD checkpoints

The authors survey how glioblastoma exhibits impairments at many levels of cell-death

regulation:

Defective or insufficient activation of caspases (e.g. caspase-3, -7) PMC+1

Dysregulation of mitochondrial pathways (e.g. overexpression of anti-apoptotic Bcl-2

family, TP53 mutations) that impede MOMP PMC+1

Aberrant ER stress / UPR signaling as an adaptive survival mechanism PMC+1

Reduced efficacy of plasma membrane–disrupting death pathways (e.g. necroptosis,

pyroptosis) via impairment of pore-forming proteins or enhanced membrane repair

mechanisms PMC+1

But among all these, the nuclear fragmentation step is singled out as the most definitive cell-

death commitment event, and its failure (due to DFF40/CAD dysfunction) is proposed as a

“final barrier” to killing in glioblastoma. PMC

4. Therapeutic implications & strategies

The authors suggest that many current therapies (e.g. chemotherapy, radiotherapy) may fail

because they do not reliably push glioblastoma cells past the point-of-no-return. PMC+1

They propose reorienting therapeutic design to specifically restore or enhance DFF40/CAD

functionality, ensuring that when apoptotic (or other RCD) pathways are triggered, they

proceed to irreversible nuclear fragmentation. PMC+1
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As proof-of-concept, they mention that gossypol (a natural derivative) has shown ability in

some glioblastoma cells to activate DFF40/CAD and complete apoptotic nuclear

fragmentation. However, they caution that not all glioblastoma cells respond, indicating

further unknown obstacles. PMC

They also suggest combining DFF40/CAD–activating agents with existing therapies

(chemoradiation, immunotherapy) to force residual cells past the fatal threshold. PMC+1

Strengths, Limitations & Critical Considerations

Strengths / novelty

The paper frames a useful conceptual lens: rather than focusing merely on activation of death

pathways, one must think about ensuring irreversibility.

The emphasis on nuclear fragmentation as a robust, measurable end-point is appealing, because it

is a structural event unlikely to be reversed.

The spotlight on DFF40/CAD as a gatekeeper is compelling—if indeed this is a bottleneck,

improving its action might unlock better therapeutic efficacy.

Limitations / points of caution

The concept of the “point-of-no-return” is inherently theoretical and somewhat abstract; in living

systems, reversibility is context-dependent, and what is irreversible in one setting may not be in

another. The authors acknowledge that the threshold is difficult to define and measure precisely.

PMC+1

While DFF40/CAD defects are plausible bottlenecks, direct in vivo evidence in glioblastoma (in

human tumors) for its central limiting role is still limited. The gossypol example is interesting but

preliminary. PMC

Cancer cells are highly plastic and redundant; even if you force nuclear fragmentation in some

cells, others may evade via alternate death pathways or bypass circuits.

Safety is a concern: strategies that robustly push cells to irreversible death must spare normal

cells. Enhancing DFF40/CAD or lowering the threshold of irreversibility must be targeted to tumor

cells to avoid toxicity.

The heterogeneity of glioblastoma (genetic, epigenetic, microenvironmental) means that a one-

size-fits-all “point-of-no-return” strategy may face subpopulations of resistant clones.

Implications & Future Directions

This review suggests a shift in paradigm: from “kill more cells” to “force the irreversible kill” — the

quality rather than just quantity of cell death matters.
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For future research, validating the role of DFF40/CAD in patient-derived glioblastoma models (and

clinical samples) will be crucial.

Small molecules or biologics that enhance DFF40/CAD activity, or relieve its inhibition, might serve

as adjuvants to radiochemotherapy.

Biomarkers of nuclear fragmentation or DFF40/CAD activity might help stratify which tumors are

more likely to respond to such strategies.

The concept may apply beyond glioblastoma to other tumors with apoptosis defects — though each

tumor type may have its own dominant bottlenecks.

Compare this perspective to other recent reviews on glioblastoma cell death mechanisms.

Nice — good question. Below I compare the Alemany et al. (2025) “point-of-no-return / DFF40-CAD”

perspective to themes and recommendations in other recent reviews of glioblastoma regulated cell death

(RCD), highlighting agreements, contrasts, therapeutic implications, and gaps. I cite the most relevant

recent reviews so you can follow up on any thread.

1) Short summary of Alemany et al. (2025)

Alemany and colleagues argue that therapeutic failure in GBM often reflects failure to push tumor cells

past an irreversible commitment step — a cellular “point-of-no-return.” They single out nuclear

fragmentation (karyorrhexis) — mediated by DFF40/CAD after ICAD cleavage — as a robust

irreversible event, and propose restoring/enhancing DFF40/CAD activity (e.g., gossypol-type

approaches) as a way to convert partial/sublethal death signals into irreversible death. PMC

2) What other recent reviews emphasize (major alternative

emphases)

a) Plurality of RCD modalities (ferroptosis, necroptosis, pyroptosis, autophagy-

linked death)

Many recent reviews treat GBM not as primarily an “apoptosis-resistant” tumor but as one where

multiple alternative RCD pathways (ferroptosis, necroptosis, pyroptosis, parthanatos, cuproptosis,

autophagy-dependent death) are actionable. These reviews argue that inducing non-apoptotic RCDs —

especially ferroptosis — can overcome classical apoptosis resistance and may be synergistic with

radiation/chemotherapy or immunotherapy. PMC+1

b) Immunogenicity and the tumor microenvironment (TME)

A big theme across reviews is RCD → immune consequences. Ferroptosis, pyroptosis and certain

forms of immunogenic apoptosis can reshape the TME and prime anti-tumor immunity (or, if unbalanced,

provoke immunosuppression). Thus many authors recommend combining RCD inducers with

immunotherapies or careful modulation of the inflammatory consequences. Nature+1
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c) Metabolic and redox vulnerabilities

Several recent papers highlight metabolic dependencies (lipid peroxidation, glutathione/GPX4 axis,

serine/glycine metabolism) as drugable nodes to force ferroptosis or sensitize cells to DNA-damaging

therapy — a route that is mechanistically distinct from forcing nuclear fragmentation. Live Science+1

d) Heterogeneity, biomarkers, and safety concerns

Reviews emphasize heterogeneity in RCD competence across GBM subclones and the need for

biomarkers (lipid peroxidation markers for ferroptosis, gasdermin cleavage for pyroptosis, etc.) to select

patients and avoid toxicity to normal CNS cells. PMC+1

3) Points of agreement between Alemany et al. and other reviews

Irreversibility matters. Other reviews implicitly agree that merely triggering upstream death

signals is sometimes insufficient; the execution phase and downstream irreversible damage

determine cell fate. (Different reviews identify different execution events.) PMC+1

Combination approaches are needed. Whether boosting CAD or inducing ferroptosis, most

reviewers support combining modalities (e.g., RCD inducer + chemo/radiation + immune

modulators). PMC+1

Safety and selectivity are critical. All note that forcing irreversible death has collateral-damage

risk in normal brain tissue and must be targeted. PMC

4) Key contrasts / where Alemany’s proposal differs from the

prevailing emphases

Singular mechanistic focus vs. plural, pathway-based strategies

Alemany et al. highlight a single structural executioner (DFF40/CAD → nuclear fragmentation) as

a central bottleneck and therapeutic target. This gives a crisp molecular target and a clear

histopathologic endpoint (karyorrhexis). PMC

Other recent reviews typically recommend exploiting multiple RCDs (ferroptosis, pyroptosis,

necroptosis) because GBM shows redundancy and plasticity; they emphasize pathway diversity to

avoid single-point failure. PMC+1

Execution-focused (structural collapse) vs. metabolism / immune-focused

strategies

Alemany’s view is execution-centric (force nuclear collapse). Other reviews put more weight on

metabolic targeting (ferroptosis via GPX4/Xc−) and immune modulation, arguing these can

both kill tumor cells and reprogram the microenvironment to sustain responses. PMC+1

Evidence base and translational maturity
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The DFF40/CAD-centric strategy has supporting in-vitro and some preclinical data (e.g.,

gossypol studies) but limited clinical translation so far. By contrast, ferroptosis research has rapidly

expanded, with multiple mechanistic studies (and many proposed small-molecule approaches) and

more emphasis on biomarkers and combinational regimens — although clinical proof remains

limited for both approaches. MDPI+1

5) Practical implications (how this changes what you might test

in the lab or clinic)

If you prioritize Alemany’s approach: focus on (1) validating DFF40/CAD expression/activity in

patient-derived xenografts and single cells, (2) testing CAD-activators (gossypol analogs or novel

small molecules) combined with radiation/temozolomide, and (3) developing a tissue / imaging

biomarker (nuclear fragmentation index) to show target engagement. PMC+1

If you follow the broader RCD literature: evaluate ferroptosis inducers (GPX4 inhibitors, system

Xc− inhibitors), pyroptosis or necroptosis triggers, and metabolic modifiers — always assessing

immune consequences and combining with immunotherapy where rational. Use lipid-peroxidation

and inflammasome biomarkers to stratify models. PMC+1

Highest-value hybrid strategy: combine approaches — e.g., a CAD-activator to force

irreversibility in apoptosis-primed cells plus a ferroptosis inducer to hit apoptosis-resistant clones,

and pair with immune-modulatory therapy to clear residual disease. That hedges against

intratumoural heterogeneity (a recommendation many reviews converge on). PMC+1

6) Evidence gaps & experiments that would be most informative

1. Clinical-sample profiling of DFF40/CAD levels/activity across GBM subtypes and after therapy (to

test whether CAD deficiency is widespread and clinically relevant). PMC

2. Head-to-head preclinical comparisons of CAD activation versus ferroptosis induction in the

same patient-derived models, including single-cell lineage tracing to see which clones survive each

insult. PMC

3. Immune consequence studies: does forcing karyorrhexis increase immunogenicity or cause

deleterious inflammation compared with other RCDs? Nature

4. Biomarker development for an irreversible death readout (nuclear fragmentation imaging /

molecular markers) and for ferroptosis (lipid peroxide signatures) to allow patient selection. PMC+1

Bottom line (one-paragraph take)

Alemany et al. add a useful, tightly-defined lens: therapeutic success may require reliably forcing

irreversible nuclear collapse, and DFF40/CAD is a plausible molecular gatekeeper. Other recent

reviews emphasize that GBM’s redundancy calls for multi-modal RCD targeting (ferroptosis, pyroptosis,
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necroptosis, metabolic hits) and careful management of immune/TME effects. Practically, these

perspectives are complementary more than mutually exclusive: validating the CAD bottleneck in clinical

samples and testing CAD-targeting agents side-by-side (or in combination) with ferroptosis/immune

strategies is a sensible translational path forward. PMC+2PMC+2

Give me, for each section/paragraph, the reference of all the article you used, in Vancouver form.

Below are the sections / paragraphs from my comparison response, with Vancouver-style references for

each of the articles I relied on. (Where multiple sources support a point, all are listed.)

1) Summary of Alemany et al. (2025)

Alemany M, Bruna J, Yuste VJ. Reaching the point-of-no-return: The cornerstone of glioblastoma

treatment? Neurooncol Adv. 2025 Aug 6;7(1):vdaf174. doi:10.1093/noajnl/vdaf174. PubMed+1

2) What other recent reviews emphasize (major alternative emphases)

Zhuo S et al. Emerging role of ferroptosis in glioblastoma. (PMC article) PMC

Mitre AO et al. Ferroptosis Involvement in Glioblastoma Treatment. PMC

Wan S et al. Pyroptosis, ferroptosis, and autophagy cross-talk in glioblastoma. BioMed Central

Zhou Y et al. Ferroptosis in glioma treatment: Current situation and prospects. Frontiers

3) Points of agreement between Alemany et al. and other reviews

Agreement on irreversibility and execution phase: supported by Alemany et al.’s central thesis

(Alemany et al. 2025) PMC+1

Agreement on combination therapy and selectivity: also implicit in the broader RCD / ferroptosis

literature (e.g. Zhuo et al., Mitre et al.) PMC+1

4) Key contrasts / where Alemany’s proposal differs from the prevailing emphases

Singular mechanistic focus vs plural RCD modalities: contrast between Alemany et al. (2025) and

reviews like Wan et al. (2023) or Zhuo et al. (2022) BioMed Central+2PMC+2

Execution-focused vs metabolism / immune strategy emphasis: the ferroptosis reviews emphasize

metabolic and redox vulnerabilities (Zhuo et al., Mitre et al.) PMC+1

Evidence base / translational maturity contrast: ferroptosis field has growing mechanistic depth

(Zhuo et al., Mitre et al.) vs the newer DFF40/CAD hypothesis (Alemany et al.) PMC+2PMC+2

5) Practical implications
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Use of CAD activators, nuclear fragmentation readouts: derived from the Alemany et al. article.

PMC+1

Use of ferroptosis inducers, metabolic targeting, immune combinations: from ferroptosis-oriented

reviews (Zhuo et al., Mitre et al.) PMC+1

Hybrid strategies combining both: inferred from juxtaposition of both literatures (Alemany +

ferroptosis reviews)

6) Evidence gaps & informative experiments

The need for clinical‐sample profiling of DFF40/CAD: implied from Alemany’s review and its

novelty. PMC

Head-to-head preclinical comparisons of CAD vs ferroptosis induction: suggested by the contrast of

the two conceptual frameworks (Alemany vs ferroptosis reviews)

Immune consequence studies / biomarker development: topics raised in the ferroptosis / RCD

literature (Wan et al., Zhuo et al.) BioMed Central+1

If you like, I can produce a full reference list in Vancouver style combining all these sources (and any

additional ones I implicitly used) for you to embed alongside your paper or reading notes. Do you want

me to do that?

Yes

Here’s a complete Vancouver-style reference list covering all the sources used in the comparison

between Alemany et al., 2025 and other recent reviews on glioblastoma regulated cell death (RCD).

🔹 Primary Article

1. Alemany M, Bruna J, Yuste VJ. Reaching the point-of-no-return: The cornerstone of glioblastoma

treatment? Neurooncol Adv. 2025 Aug 6;7(1):vdaf174. doi: 10.1093/noajnl/vdaf174. PMID:

40980441; PMCID: PMC12448694.

🔹 Recent Reviews and Comparative Literature

2. Zhuo S, Chen Z, Yang Y, Zhang J, Tang J, Yang K. Emerging role of ferroptosis in glioblastoma:
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