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Research status and safety boundary

This is a falsifiable research architecture, not a treatment protocol. No component described here is 

permission to acquire, prescribe, combine, or self-administer medicines, hormones, research chemicals, 

cells, genes, or unapproved biological products. No drug doses or procurement instructions are provided.  

Experimental  components  belong  only  in  ethically  approved,  independently  monitored  studies  with 

appropriate regulatory oversight.

Bottom line as of 9 August 2026: no intervention has been shown in a human randomized trial to extend 

maximum lifespan, and no biomarker of aging has been clinically validated as a stand-alone control signal  

for an individual. The purpose of Project 150 is therefore to define a hypothesis that can fail, not to imply 

that aging has been cured.

Executive Summary

Project 150 proposes that a central, underweighted feature of human aging is  loss of state-transition 

competence:  tissues become progressively less able to enter, complete, and exit the biological states  

required  for  maintenance,  inflammatory  resolution,  repair,  regeneration,  adaptation,  and  recovery. 

Damage accumulates,  but  the  system also  becomes  trapped in  defensive  states—senescence,  sterile  

inflammation, fibrosis,  quiescence, insulin resistance, and growth suppression—that can be protective 

acutely yet destructive when persistent.

The resulting model is not a checklist of independent hallmarks. It is a coupled control system with at 

least five accelerating loops:

 damaged mitochondria, nuclei, and lysosomes release danger signals that amplify innate immune activation 
and suppress quality control;

 senescent or dysfunctional cells alter immune selection and tissue niches, while impaired immune clearance 
permits those cells to persist;

 vascular, glycocalyx, extracellular-matrix, and barrier deterioration reduce perfusion and distort 
mechanotransduction, which drives further stem-cell dysfunction, fibrosis, and senescence;

 chronic nutrient restriction, chronic growth signaling, and chronic anti-inflammatory pressure each solve one 
problem while worsening another;

 age-related clonal selection converts regenerative or anti-inflammatory interventions into a possible oncologic 
hazard.

The Project 150 v1.0 hypothesis is therefore:
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A biomarker-gated sequence of damage containment → quality control and clearance → active 

resolution → niche repair → limited regeneration/adaptation → recovery will produce a larger 

durable gain in multi-organ functional reserve than the same biological exposures delivered 

continuously or simultaneously, provided that progression between phases is blocked by immune, 

cardiovascular, muscle, and clonal-risk constraints.

The novelty is the control law—state estimation, ordering, antagonism avoidance, safety gating, washout, 

and learning—not the claim that autophagy, exercise, inflammation, senescence, or regeneration are new 

discoveries.  Each  individual  mechanism  has  precedents.  Project  150  combines  them  into  a  testable 

temporal architecture and makes a specific matched-exposure prediction: order and state should matter 

independently of total exposure.

The five most promising Project 150 concepts are:

1. Durable reserve after washout as the primary early efficacy criterion, rather than an acutely improved molecular 
surrogate.

2. Clonal-ecology gating before any intervention that suppresses immunity or promotes cell proliferation.

3. State-gated temporal multiplexing of biologically antagonistic maintenance and growth programs.

4. Niche-first regeneration, in which perfusion, barrier integrity, and extracellular-matrix context are repaired 
before proliferative stimulation.

5. Recovery kinetics as a dynamic control signal that measures resilience rather than a static estimate of “biological 
age.”

Project 150 v1.0 explicitly excludes systemic partial reprogramming, telomerase activation, non-selective 

stem-cell  stimulation,  unlicensed cell  or  exosome products,  chronic  broad senolysis,  chronic  systemic 

cGAS–STING/NLRP3 suppression,  indefinite mTOR suppression,  and off-label  hormonal  “rejuvenation.” 

These may remain scientific questions, but their present evidence-to-risk ratio is inadequate for inclusion 

in a defensible human architecture.

The architecture receives a Project 150 Longevity Potential Score of 7.1/10 as a research program, but 

only 2.5/10 for present clinical readiness. The difference is essential: a coherent and testable idea is not 

an effective therapy.
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Scope, method, and epistemic rules

Research question

Can aging be moderated more effectively by controlling when a tissue is allowed to clear, resolve, repair, 

and regenerate than by  continuously  pressing  one pathway—and can this  be  done without  relaxing 

cancer, infection, cardiovascular, or frailty constraints?

Evidence hierarchy

Tier Evidence type Permitted inference

A Replicated human randomized trials, 
high-quality systematic reviews, or hard 
clinical outcomes

Supports a human effect for the studied 
population, exposure, and endpoint; does 
not automatically support lifespan 
extension.

B Single human RCT, prospective cohort, 
Mendelian-randomization study, or 
strong human mechanistic study

Supports human plausibility or 
association; causal and generalizable 
claims remain limited.

C Causal work in multiple animal models, 
preferably aged, both-sex, genetically 
heterogeneous, and multi-site

Supports mechanism in those models; 
human translation is unproven.

D Cell, organoid, ex-vivo tissue, single-
model, or cross-sectional evidence

Generates mechanisms and biomarkers; 
cannot establish organismal benefit.

E Systems inference or proposed control 
principle

A falsifiable research hypothesis, not 
established biology.

Epistemic labels used throughout

 KNOWN FACT: directly supported within the limits of Tier A–B evidence or repeatedly causal in relevant 
experimental systems.

 STRONG INFERENCE: not directly tested as a whole, but follows from convergent evidence and known trade-
offs.

 SPECULATIVE HYPOTHESIS: the specifically new Project 150 claim; plausible enough to test, but presently 
unproven.

Search and synthesis standard

The synthesis prioritizes human randomized trials, systematic reviews, prospective cohorts, and human 

mechanistic  work;  it  then  uses  animal,  organoid,  and  cell  studies  to  infer  mechanisms.  It  spans 

geroscience,  oncology,  cardiovascular  biology,  immunology,  neuroscience,  endocrinology,  metabolism, 

regenerative  medicine,  genetics,  epigenetics,  mitochondrial  biology,  exercise  physiology,  sleep, 

microbiology,  systems biology,  computational  biology,  and evolutionary  biology.  Searches  and source 
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checks were current through 9 August 2026. Contradictory evidence and negative trials were deliberately  

retained.

Endpoint rule

No molecular readout is treated as proof of healthspan or lifespan extension. The evidentiary order is:

1. mortality, incident disease, disability, institutionalization, or a validated composite of major clinical events;

2. durable function—cardiorespiratory fitness, strength, mobility, cognition, and independence;

3. validated disease-risk factors;

4. mechanistic biomarkers;

5. exploratory clocks and omics signatures.

The first three can support decisions in appropriate clinical contexts. The last two are primarily research 

instruments. A biomarker may be biologically interesting yet fail as a surrogate if changing it does not  

change the outcome.

Systems Map of Aging

Figure 1. Project 150 causal systems map. Solid arrows denote established or strongly supported causal directions; dashed 
feedback concepts remain incompletely resolved in humans. The central proposal is that persistent defensive states and failed 

transitions couple damage to loss of reserve.
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Six upstream driver classes

1. Information damage and somatic evolution. DNA lesions, chromosomal alterations, epigenetic drift, 
transposable-element activity, mitochondrial-genome injury, and clonal selection alter what cells can safely 
do. Some epigenetic changes are drivers; others are records or compensations. Longer replicative capacity is 
not unconditionally beneficial because it can increase opportunity for malignant evolution.

2. Macromolecular and organelle quality-control failure. Protein misfolding, aggregate formation, lysosomal 
dysfunction, defective autophagy, impaired mitophagy, and mitochondrial damage increase the production of 
reactive metabolites and immunogenic material. A cell can be energy-replete yet quality-control deficient.

3. Immune-surveillance and resolution failure. Aging reduces clearance of pathogens, senescent cells, and 
transformed clones while increasing sterile inflammatory signaling. The important distinction is not simply 
“more” or “less” inflammation, but failure to complete an ordered inflammatory response and return to 
homeostasis.

4. Vascular, barrier, and tissue-niche deterioration. Endothelial dysfunction, glycocalyx loss, microvascular 
rarefaction, blood–brain and intestinal barrier impairment, extracellular-matrix cross-linking, fibrosis, and 
abnormal stiffness alter nutrient delivery, waste removal, cell identity, and stem-cell behavior.

5. Temporal and metabolic control drift. Circadian fragmentation, chronic nutrient surplus or deficit, endocrine 
changes, impaired metabolic flexibility, and loss of pulsatile signaling blur the separation between 
maintenance, growth, and recovery programs.

6. Loss of regenerative competence. Stem-cell exhaustion is not merely depletion. It also reflects quiescence, niche 
corruption, inflammation, mitochondrial dysfunction, clonal skew, and protective suppression of proliferation 
in a damaged environment.

Protective responses that become harmful when persistent

Response Acute protective role Chronic aging cost Project 150 implication

Cellular senescence Arrests damaged cells; aids 
development, wound repair, 
and tumor suppression

SASP, fibrosis, impaired 
regeneration, tissue 
dysfunction

Distinguish transient from 
persistent senescence; do not 
clear blindly around injury.

Inflammation Controls infection and 
coordinates debris clearance

Tissue damage, immune 
exhaustion, thrombosis, clonal 
selection

Preserve initiation when 
needed, accelerate resolution, 
avoid chronic blanket 
suppression.

Stem-cell quiescence Protects genomes and 
prevents exhaustion

Regenerative failure and frailty Correct niche and risk state 
before driving proliferation.

Insulin resistance during stress Redirects substrates toward 
immune and survival needs

Diabetes, vascular injury, 
anabolic resistance

Treat chronic state without 
abolishing adaptive fuel 
redistribution.

Fibrosis and matrix deposition Stabilizes damaged tissue and 
limits rupture

Stiffness, impaired perfusion, 
altered cell identity

Remodel only when tissue 
integrity and wound status 
permit.

Growth suppression Reduces replication of 
damaged cells and supports 
maintenance

Sarcopenia, poor recovery, 
immune and epithelial decline

Alternate maintenance and 
anabolic windows rather than 
sustain either extreme.
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Accelerating feedback loops

Loop Causal sequence Why it accelerates Main interruption candidates

Danger–inflammation loop Organelle/nuclear damage → 
cytosolic DNA/RNA and 
DAMPs → cGAS–STING, 
inflammasome, SASP → tissue 
injury

New damage generates the 
same signals that amplified 
the response

Mitophagy/lysosomal 
competence, source control, 
bounded resolution—not 
chronic immune paralysis.

Senescence–clearance loop Damage → transient 
senescence → impaired 
immune clearance → 
persistent SASP → more 
senescence

Clearance capacity falls as 
target burden rises

Dwell-time mapping, immune 
competence, selective 
clearance after wound-
resolution gates.

Niche–identity loop ECM stiffness/barrier 
loss/hypoperfusion → altered 
mechanotransduction and 
epigenetic state → 
fibrosis/senescence → worse 
niche

Cells and matrix co-produce a 
stable pathological attractor

Vascular and matrix repair 
before regenerative 
stimulation.

Lysosome–mitochondria loop Lysosomal failure → defective 
mitophagy → mtDNA/ROS 
release → inflammation → 
further lysosomal dysfunction

Quality-control failure raises 
both damage input and 
clearance load

Clearance-capacity 
measurement and ordered 
mitophagy/autophagy 
research.

Regeneration–cancer loop Tissue loss → proliferative 
pressure → expansion of 
mutated clones → immune 
editing and malignancy risk

Aging increases the prevalence 
of selectable clones while 
repair demand rises

Clonal surveillance, finite 
regenerative windows, post-
cycle cancer monitoring.

Timing-conflict loop Concurrent catabolic 
maintenance and anabolic 
growth signals → incomplete 
autophagy and incomplete 
rebuilding

Continuous mixed signaling 
may produce metabolic cost 
without completing either 
program

Phase separation and state-
gated transitions.

Brain–vascular–sleep loop Vascular/barrier impairment 
↔ sleep/circadian disruption 
↔ reduced clearance and 
autonomic dysregulation

Each component worsens the 
others, but human causal 
direction remains uncertain

Treat validated sleep/vascular 
disease; test clearance 
mechanism rather than 
assume it.

Bottleneck interpretation

A process is an aging control node when changing it could alter several loops, when its state is measurable  

enough to guide experiments, and when its manipulation does not create an equal or greater hazard  

elsewhere. This definition penalizes fashionable but poorly controllable targets. For example, telomere 

extension is biologically powerful but receives a low control-node rank because its oncologic trade-off is  

intrinsic and its safe boundary is unknown.



Aging Control Nodes

Rank Control node Plausibility Human evidence Reversibility Safety Measurability Healthspan potential Lifespan potential Interpretation

1 Vascular–metabolic 
reserve and 
endothelial function

9 9 8 9 9 9 7 Best-supported 
multi-organ 
substrate; not a 
complete theory of 
aging.

2 Temporal 
nutrient/growth–
maintenance switch

9 6 9 7 7 8 7 Strong biology and 
human risk-factor 
evidence; optimal 
sequencing untested.

3 Immune surveillance, 
resolution, and clonal 
ecology

9 7 5 5 6 9 8 High leverage, but 
suppression and 
stimulation each 
create major hazards.

4 Lysosomal–
autophagic–
mitochondrial quality 
control

9 4 6 6 4 8 8 Central 
mechanistically; 
tissue-level human 
measurement is 
weak.

5 Muscle–neuromotor 
reserve

8 9 8 9 9 9 6 Strong human 
outcome relation and 
modifiability; may 
not alter all aging 
causes.

6 Tissue niche: ECM, 
glycocalyx, 
microvasculature, 
barriers

8 4 5 6 4 8 7 A plausible upstream 
amplifier with rapidly 
growing but mainly 
preclinical evidence.

7 State-transition 
competence and 
recovery kinetics

8 5 8 9 7 8 7 Promising dynamic 
variable; lacks an 
accepted causal 
intervention test.

8 Persistent senescent-
cell topology and 
clearance

8 3 5 4 3 8 7 Burden is 
heterogeneous; 
human benefits and 
safe selectivity 
remain unproven.

9 Epigenetic identity 
maintenance

8 3 4 3 7 8 8 Clocks are 
measurable, but 
causal repair and safe 
manipulation are 
unresolved.
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Rank Control node Plausibility Human evidence Reversibility Safety Measurability Healthspan potential Lifespan potential Interpretation

10 Microbiome–host 
barrier–metabolite 
interface

7 4 7 7 5 6 4 Host context appears 
more stable and 
causal than 
taxonomic 
composition alone.

11 Telomere/replicative 
limit

8 6 3 2 8 5 6 Powerful biology with 
an inseparable cancer 
trade-off; not a v1.0 
intervention node.

12 Systemic endocrine 
“rejuvenation”

5 3 6 3 8 4 3 Often improves 
selected phenotypes 
while increasing 
cardiovascular, 
metabolic, or cancer 
risk.



Ranking conclusion. The most actionable nodes are not necessarily the most novel. Project 150 separates 

(a) established human risk and reserve control, which should stabilize the experimental substrate, from 

(b)  speculative  aging-state  manipulation,  which  must  earn  entry  through  preclinical  and  early-phase 

evidence.

Cross-Disciplinary Discoveries

Connection Imported finding Project 150 inference Evidence/status

Oncology × cardiology Age-related clonal 
hematopoiesis predicts 
hematologic malignancy and 
cardiovascular events; gene 
and clone size matter.

Regenerative or anti-
inflammatory aging studies 
should treat clonal state as an 
effect modifier and safety 
gate, not background noise.

Human cohorts/meta-analysis 
plus causal mouse work; 
strong inference.

Cancer immunology × 
mitochondrial biology

Cytosolic DNA sensing links 
damaged mitochondria and 
nuclei to sterile inflammation, 
but the same pathway 
supports antiviral and tumor 
surveillance.

Reduce the source and 
duration of danger signaling 
before considering pathway 
blockade; continuous 
suppression is structurally 
risky.

Strong preclinical mechanism; 
no human longevity trial.

Mechanobiology × epigenetics Aged/stiff ECM can impose 
senescence-like, fibrotic, and 
identity changes on otherwise 
viable cells.

Apparent cellular “age” may 
partly be a niche state; niche 
repair could precede cell 
replacement or epigenetic 
manipulation.

Ex-vivo and animal evidence; 
human causality limited.

Exercise physiology × 
pharmacology

Oxidative and inflammatory 
signals help produce training 
adaptation; antioxidants, high-
dose NSAIDs, or metformin 
can blunt selected adaptations 
in some human trials.

Timing an intervention after a 
hormetic signal may matter as 
much as the drug class; 
chronic signal suppression can 
erase the desired adaptation.

Human randomized 
mechanistic evidence, 
heterogeneous by age and 
endpoint.

Hematology × evolutionary 
biology

Aging tissues are evolving 
ecosystems with clones 
competing under 
inflammation, nutrient 
availability, and immune 
selection.

“Rejuvenation” can change 
selection pressure and favor a 
dangerous clone even if 
average tissue markers 
improve.

Strong inference from human 
clonal data and cancer 
evolution.

Vascular biology × 
neuroscience

Endothelial and glycocalyx 
deterioration can alter barrier 
permeability, perfusion, 
inflammation, and brain 
function.

Brain aging interventions may 
fail if neurovascular substrate 
is not corrected first.

Human vascular evidence; 
brain glycocalyx restoration is 
presently animal work.

Circadian biology × 
combination therapy

Drug targets and repair 
pathways vary by biological 
time; chronotherapy changes 
efficacy/toxicity in several 
fields.

An adaptive cycle should be 
phase-locked to individual 
circadian state rather than use 
clock time alone.

Human chronopharmacology 
exists; longevity impact 
untested.
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Connection Imported finding Project 150 inference Evidence/status

Geroscience × control 
engineering

Static biomarkers describe 
state imperfectly; recovery 
from perturbation reveals 
stability, damping, and 
reserve.

Recovery time and overshoot 
may be better controller 
inputs than a single biological-
age score.

Human longitudinal 
association; causal validity 
unproven.

Microbiology × barrier 
immunology

Microbiome composition is 
variable and context-
dependent; host barrier, 
substrate, and receptor state 
determine whether 
metabolites are helpful or 
harmful.

Control the host interface and 
function before trying to 
install a “young” taxonomy.

Human associations and small 
trials; inconsistent causal 
effects.

Regeneration × oncology Senescence, quiescence, and 
growth arrest protect against 
malignancy but impair repair; 
telomere length has opposing 
disease effects.

Any regenerative benefit 
incurs a “proliferative debt” 
that must be repaid with 
surveillance and long follow-
up.

Human genetics/cohorts plus 
strong cancer biology.
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26 Original, Falsifiable Longevity Hypotheses

The hypotheses below are original at the level of  combination, ordering, state estimation, or control 

architecture. None claims discovery of a new molecule. “Superior” always means superior in a matched-

exposure experiment—not a clinical recommendation.

H1 — State-gated temporal multiplexing

 Epistemic status: KNOWN FACT: maintenance and growth pathways are partly antagonistic. STRONG 
INFERENCE: continuous mixed signaling can compromise one or both programs. SPECULATIVE HYPOTHESIS: 
transitions based on measured biological state will outperform fixed schedules.

 Proposed mechanism: alternate bounded maintenance/quality-control and anabolic/adaptive states, 
advancing only when prespecified safety and completion signals are met.

 Why it might influence aging: old systems may retain pathway capacity but lose timing, amplitude, and the 
ability to exit a state.

 Pathways affected: AMPK–mTOR, autophagy, proteostasis, mitochondrial turnover, inflammation, muscle 
protein synthesis, stem-cell activation, circadian control.

 Why potentially superior: it avoids asking cells to maximize autophagic breakdown and biosynthetic rebuilding 
simultaneously; total exposure can be held constant while order changes.

 Supporting evidence: nutrient sensing and autophagy are causally linked to lifespan in model organisms; 
intermittent rapamycin can have persistent effects in animals; chronopharmacology and exercise adaptation 
show that timing changes biological response. Human evidence for the full sequence is absent. [R18, R47, 
R50]

 Evidence against: pathways overlap rather than switch cleanly; chronic low-intensity modulation may be safer 
and more effective; tissue states are asynchronous and blood biomarkers may not represent them.

 Trade-offs and safety risks: excessive catabolic time could worsen frailty, immune function, wound repair, or 
bone; anabolic phases could expand premalignant clones.

 Falsifier: with equal cumulative exposure, state-gated sequencing fails to improve durable multi-organ function 
or increases adverse pathology versus simultaneous and fixed-schedule comparators.

 Required test: multi-site, both-sex, genetically heterogeneous aged-animal factorial trial comparing 
simultaneous, fixed sequential, and biomarker-gated sequential arms, followed by a long washout and 
complete tumor/pathology assessment.

H2 — The debris-before-growth rule

 Epistemic status: KNOWN FACT: damaged cells and matrix debris can sustain inflammation. STRONG 
INFERENCE: growth in a damaged niche may amplify dysfunctional clones. SPECULATIVE HYPOTHESIS: 
completed clearance before regenerative stimulation improves benefit–risk.

 Proposed mechanism: lower damaged-organelle, persistent-senescence, and extracellular-debris load before 
permitting a limited proliferative or anabolic phase.

 Why it might influence aging: regeneration performed in a high-SASP, high-danger-signal environment may 
reproduce the damaged state or select stress-resistant clones.

 Pathways affected: senescence/SASP, phagocytosis, autophagy, matrix turnover, immune resolution, stem-cell 
activation, oncogenic selection.

 Why potentially superior: most combination programs ask clearance and regeneration to occur together; 
ordering separates removal from repopulation.
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 Supporting evidence: persistent senescence disrupts regeneration, but transient senescence participates in 
wound repair; damaged mtDNA can drive SASP. [R20, R21, R31]

 Evidence against: clearance can destabilize tissue, remove reparative cells, and itself trigger compensatory 
proliferation; no human trial has tested the ordering claim.

 Trade-offs and safety risks: cytopenia, impaired healing, organ decompensation, infection, fibrosis, or rebound 
proliferation if target cells are misidentified.

 Falsifier: regeneration after verified clearance shows no advantage, or worse tissue architecture and neoplasia, 
than regeneration alone or reversed order.

 Required test: aged human organoids and animal injury models with equal component exposures in 
clearance→growth, growth→clearance, simultaneous, and single-component arms; lineage tracing must 
distinguish replacement from clonal expansion.

H3 — Resolution-before-regeneration

 Epistemic status: KNOWN FACT: effective repair normally includes inflammatory initiation, phenotype 
transition, and resolution. STRONG INFERENCE: chronic suppression and unresolved activation are both 
maladaptive. SPECULATIVE HYPOTHESIS: a verified resolution state is a prerequisite for safe regeneration.

 Proposed mechanism: permit necessary early immune/debris-clearing signals, then require falling danger 
signals and restoration of pro-resolving cell states before anabolic stimulation.

 Why it might influence aging: aged tissues often remain in an inflammatory attractor that prevents progenitor 
differentiation and promotes fibrosis.

 Pathways affected: innate immunity, macrophage-state transitions, inflammasome signaling, specialized pro-
resolving pathways, angiogenesis, myogenesis, matrix remodeling.

 Why potentially superior: it targets failure to terminate an immune program rather than treating all 
inflammation as harmful.

 Supporting evidence: macrophage transitions are integral to muscle repair; high-dose NSAIDs and antioxidants 
can blunt selected human exercise adaptations; senescence can aid early wound repair. [R21, R51–R54]

 Evidence against: simple M1/M2 models are inadequate; circulating cytokines may not report tissue resolution; 
pro-resolving biology has limited geroscience outcome evidence.

 Trade-offs and safety risks: delaying anti-inflammatory treatment could be harmful in acute disease, while 
premature suppression can impair pathogen control and wound repair.

 Falsifier: a resolution-gated strategy does not improve regeneration or produces more infection, fibrosis, or 
functional loss than continuous or immediate suppression.

 Required test: time-resolved human tissue and immune profiling after standardized, ethically acceptable repair 
stimuli, followed by mechanistic animal trials that intervene at measured transition points.

H4 — Niche-first regeneration

 Epistemic status: KNOWN FACT: ECM stiffness, perfusion, and barrier state regulate cell behavior. STRONG 
INFERENCE: a corrupted niche can impose aged phenotypes. SPECULATIVE HYPOTHESIS: niche repair before 
cell stimulation yields more durable, lower-risk regeneration.

 Proposed mechanism: improve microvascular delivery, glycocalyx/barrier integrity, matrix mechanics, and 
inflammatory context before activating resident or introduced regenerative cells.

 Why it might influence aging: cells inherit instructions from physical and biochemical surroundings; replacing 
cells without changing those instructions may recreate dysfunction.

 Pathways affected: integrin–FAK–YAP/TAZ signaling, endothelial nitric oxide, mechanotransduction, fibrosis, 
stem-cell fate, epigenetic identity, immune trafficking.
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 Why potentially superior: cell-centric therapies can transiently improve cell counts while leaving the upstream 
niche unchanged.

 Supporting evidence: aged ECM can induce senescence-like and fibrogenic behavior; experimental matrix 
softening or young matrix can restore selected cell functions; brain endothelial glycocalyx restoration 
improved cognition in aged mice. [R36–R39]

 Evidence against: most evidence is cell or animal based; matrix stiffness can be compensatory; systemic anti-
fibrotic manipulation could weaken organs or vessels.

 Trade-offs and safety risks: hemorrhage, edema, aneurysmal risk, impaired wound stability, fibrosis rebound, 
or altered metastatic niches.

 Falsifier: niche normalization before regeneration produces no durable functional advantage or raises structural 
failure and cancer dissemination.

 Required test: old human tissue chips with tunable mechanics and perfusion, then aged-animal order-of-
operations studies with imaging, lineage tracing, mechanics, function, and cancer endpoints.

H5 — The clonal-ecology gate

 Epistemic status: KNOWN FACT: clonal hematopoiesis rises with age and associates with hematologic 
malignancy, mortality, and cardiovascular events. STRONG INFERENCE: clone genotype, size, and growth rate 
alter intervention risk. SPECULATIVE HYPOTHESIS: clonal state should gate regenerative and 
immunomodulatory phases.

 Proposed mechanism: treat somatic clonal architecture as part of the state vector; block or redesign 
interventions likely to increase fitness of a detected high-risk clone.

 Why it might influence aging: aged tissues are evolutionary ecosystems. A favorable mean biomarker response 
can hide selective expansion of a dangerous minority clone.

 Pathways affected: hematopoiesis, IL-1/inflammasome signaling, immune surveillance, atherosclerosis, 
regeneration, tumor evolution.

 Why potentially superior: conventional aging trials average across participants and rarely make clonal 
dynamics a prospective interaction or safety endpoint.

 Supporting evidence: CHIP meta-analysis shows elevated mortality, cardiovascular, and malignancy risks; 
longitudinal studies show gene-specific expansion; prospective imaging supports CHIP preceding 
atherosclerosis; TET2 loss causally accelerates inflammatory atherosclerosis in mice. [R25–R29]

 Evidence against: CHIP is heterogeneous, often indolent, and currently lacks a validated treatment pathway; 
screening can create anxiety, overdiagnosis, and uncertain management.

 Trade-offs and safety risks: false reassurance from a negative blood test, incidental findings, privacy concerns, 
unnecessary exclusion, and failure to detect solid-tissue clones.

 Falsifier: baseline or longitudinal clonal features do not predict differential benefit, toxicity, cardiovascular 
events, or neoplastic outcomes in adequately powered intervention cohorts.

 Required test: prospectively embed error-corrected sequencing and clone-growth modeling in long-term aging 
trials; predefine gene/variant-allele-fraction interactions and validate in an independent cohort before using 
them for clinical gating.

H6 — The cytosolic nucleic-acid “danger budget”

 Epistemic status: KNOWN FACT: misplaced nuclear or mitochondrial nucleic acids activate innate defense 
pathways. STRONG INFERENCE: cumulative source load links organelle failure, senescence, and inflammation. 
SPECULATIVE HYPOTHESIS: source reduction plus bounded signaling control is safer than chronic receptor 
blockade.
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 Proposed mechanism: estimate the balance between nucleic-acid leakage, intracellular degradation, 
extracellular clearance, and immune activation rather than targeting one downstream cytokine.

 Why it might influence aging: several damage classes converge on the same danger-sensing machinery, making 
it a potential multi-pathway amplifier.

 Pathways affected: cGAS–STING, inflammasomes, interferon programs, SASP, autophagy, mitophagy, antiviral 
defense, tumor surveillance.

 Why potentially superior: it prioritizes removing the upstream source and restoring disposal while preserving 
episodic pathogen and tumor sensing.

 Supporting evidence: cGAS–STING inhibition reduced age-associated inflammation and dysfunction in mice; 
mtDNA release drives SASP; mitophagy can restrain mtDNA–STING inflammation. [R30–R32]

 Evidence against: human circulating cell-free DNA is nonspecific and heavily confounded; these pathways are 
vital for infection and cancer control; no human longevity efficacy data exist.

 Trade-offs and safety risks: severe infection, viral reactivation, impaired antitumor immunity, or autoimmune 
effects from poorly timed manipulation.

 Falsifier: source markers fail to predict inflammatory state or response, or source-reduction strategies do not 
preserve defense better than direct blockade.

 Required test: human tissue/ex-vivo assays linking compartment-specific nucleic-acid leakage to functional 
immune responses, followed by animal source-control versus receptor-blockade comparisons under infection 
and tumor challenges.

H7 — The lysosomal clearance-capacity gate

 Epistemic status: KNOWN FACT: lysosomes and phagocytes must process material removed by autophagy, cell 
death, and senolysis. STRONG INFERENCE: target burden can exceed disposal capacity. SPECULATIVE 
HYPOTHESIS: measured clearance capacity should gate clearance-inducing interventions.

 Proposed mechanism: do not increase cellular or tissue debris flux unless lysosomal, phagocytic, hepatic, renal, 
and lymphatic disposal can accommodate it.

 Why it might influence aging: incomplete clearance can convert an attempted clean-up into secondary 
necrosis, danger signaling, and fibrosis.

 Pathways affected: lysosomes, autophagy flux, efferocytosis, proteostasis, mitophagy, inflammation, 
liver/kidney handling.

 Why potentially superior: current strategies often measure target loss but not where the released material 
goes or whether flux completes.

 Supporting evidence: autophagy defects and lysosomal dysfunction amplify mitochondrial and inflammatory 
injury; senolytic human studies mostly measure limited target biomarkers rather than system-wide disposal. 
[R22, R30–R32, R50]

 Evidence against: no validated human “clearance capacity” assay exists; blood changes may reflect 
redistribution rather than completion; many tissues dispose locally.

 Trade-offs and safety risks: delayed treatment, transient toxicity, liver or kidney injury, cytokine release, 
thrombosis, or organ-specific decompensation.

 Falsifier: pre-intervention clearance-capacity markers do not predict biomarker flux, toxicity, or durable 
function following a standardized clearance stimulus.

 Required test: isotope/label tracing and serial multi-compartment sampling in animal models, then safe human 
mechanistic studies using naturally occurring or clinically indicated clearance events.
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H8 — Senescence dwell time and topology matter more than bulk burden

 Epistemic status: KNOWN FACT: senescent cells are heterogeneous and can be beneficial or harmful depending 
on context. STRONG INFERENCE: persistence and location determine net effect. SPECULATIVE HYPOTHESIS: a 
spatial, time-resolved burden will predict benefit from clearance better than a single senescence marker.

 Proposed mechanism: classify senescence by tissue, cell identity, duration, secretory program, immune 
visibility, and adjacency to stem, vascular, or malignant cells.

 Why it might influence aging: a small persistent population at a vascular or stem-cell niche could be more 
harmful than a larger transient wound-associated population.

 Pathways affected: cell-cycle arrest, SASP, immune clearance, fibrosis, angiogenesis, wound repair, tumor 
suppression.

 Why potentially superior: bulk p16/p21 or circulating SASP measurements collapse biologically opposite states 
into one number.

 Supporting evidence: single-cell atlases show diverse senescence programs and no universal marker; transient 
senescence can aid repair; human senolytic pilots have not established broad functional benefit. [R20–R24]

 Evidence against: serial tissue mapping is invasive; marker panels remain contested; a dwell-time threshold 
may differ by organ and disease.

 Trade-offs and safety risks: false-positive classification could remove reparative or tumor-suppressive cells; 
false negatives could leave harmful niches intact.

 Falsifier: spatial/duration features do not outperform bulk burden in predicting dysfunction, reversibility, or 
response to selective clearance.

 Required test: longitudinal lineage and spatial-omics studies in aged animals and archived serial human tissues, 
followed by pre-registered predictive validation in senescence-targeting trials.

H9 — Immune-assisted precision clearance can outperform broad senolysis

 Epistemic status: KNOWN FACT: immune cells can recognize and clear stressed, senescent, infected, and 
transformed cells. STRONG INFERENCE: specificity would reduce collateral loss. SPECULATIVE HYPOTHESIS: 
transiently restoring recognition of persistent harmful senescent states is safer than non-selective cytotoxic 
senolysis.

 Proposed mechanism: define senescent-state antigens or ligand combinations and enhance bounded 
endogenous clearance only after wound, infection, and clonal-risk gates are satisfied.

 Why it might influence aging: immune evasion may explain persistence; removal by physiological efferocytosis 
may coordinate resolution better than abrupt pharmacologic killing.

 Pathways affected: NK and T-cell surveillance, macrophage efferocytosis, senescence, antigen presentation, 
SASP, fibrosis.

 Why potentially superior: target recognition could spare transient and structurally necessary senescent cells.
 Supporting evidence: immune surveillance participates in senescence control and cancer biology; senescence 

heterogeneity argues for cell-state specificity. [R20–R22]
 Evidence against: unique, stable senescence antigens may not exist; immune exhaustion and tumor cross-

reactivity are major barriers; no human longevity evidence exists.
 Trade-offs and safety risks: autoimmunity, cytokine release, tissue destruction, infection, immune escape, or 

selection of malignant variants.
 Falsifier: target combinations cannot distinguish harmful persistent senescent cells from essential normal, 

reparative, or tumor-suppressive populations at clinically acceptable specificity.
 Required test: target-discovery in human aged tissues, organoid cross-reactivity screens, and stringent aged-

animal toxicology with infection, wound, autoimmunity, and tumor challenges. This concept does not enter 
v1.0 human testing without such evidence.
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H10 — The glycocalyx–barrier axis is a systemic aging amplifier

 Epistemic status: KNOWN FACT: endothelial glycocalyx and epithelial barriers regulate permeability, 
mechanosensing, coagulation, and immune trafficking. STRONG INFERENCE: their deterioration can 
synchronize multi-organ inflammation. SPECULATIVE HYPOTHESIS: barrier-state improvement yields broad 
reserve gains disproportionate to a local vascular effect.

 Proposed mechanism: restore the physical and signaling interface between blood, endothelium, and tissue 
while correcting the injurious metabolic and hemodynamic environment.

 Why it might influence aging: barrier leakage exposes tissues to inflammatory, thrombotic, and metabolic 
signals and impairs microvascular exchange.

 Pathways affected: endothelial nitric oxide, shear sensing, coagulation, leukocyte adhesion, BBB and gut 
permeability, kidney filtration, tissue perfusion.

 Why potentially superior: it targets a shared interface present in every perfused organ rather than a 
downstream cytokine in one tissue.

 Supporting evidence: vascular glycocalyx biology is established; aged brain endothelial glycocalyx restoration 
improved BBB and cognition in mice; endothelial dysfunction predicts clinical risk. [R38, R39]

 Evidence against: noninvasive glycocalyx assays have uncertain validity; organ-specific structures differ; mouse 
gene-delivery results do not establish human reversibility.

 Trade-offs and safety risks: altered hemostasis, edema, hypotension, impaired immune trafficking, or masking 
of upstream metabolic injury.

 Falsifier: validated barrier restoration fails to improve microvascular exchange or multi-organ function 
independently of conventional risk-factor change.

 Required test: standardized human measurement validation against tissue or imaging reference standards, 
then randomized mechanistic trials of low-risk barrier-preserving strategies with organ-function endpoints.

H11 — Mechanobiological memory is a reversible component of cellular age

 Epistemic status: KNOWN FACT: matrix mechanics alter transcription and lineage. STRONG INFERENCE: 
prolonged stiffness can stabilize fibrotic and senescent programs. SPECULATIVE HYPOTHESIS: correcting 
mechanics can erase part of an aged epigenetic state without reprogramming identity.

 Proposed mechanism: interrupt reciprocal ECM stiffness ↔ YAP/TAZ/integrin signaling ↔ chromatin-state 
feedback so cells return to a functional attractor.

 Why it might influence aging: an aged cell may partly be a normal cell held in an abnormal physical 
environment.

 Pathways affected: integrin/FAK, cytoskeleton, nuclear lamina, YAP/TAZ, chromatin accessibility, fibrosis, stem-
cell fate.

 Why potentially superior: it seeks identity-preserving state normalization rather than broad transcription-
factor reprogramming.

 Supporting evidence: aged ECM drives senescence-like behavior in cardiac fibroblasts and fibrogenic 
conversion in muscle systems; mechanical rejuvenation is seen in preclinical stem-cell work. [R36, R37]

 Evidence against: some epigenetic damage is cell-autonomous and irreversible; softened matrices can impair 
tissue function; in-vitro substrate effects may not scale to organs.

 Trade-offs and safety risks: loss of structural integrity, aneurysm, impaired wound healing, altered metastasis, 
or dedifferentiation.

 Falsifier: normalization of tissue mechanics does not reverse cell-state measures or function after removal of 
the mechanical intervention.

 Required test: human aged-tissue organoids with independently controlled stiffness and biochemical 
composition, followed by organ-specific animal studies measuring persistent function after washout.
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H12 — Mitonuclear demand matching is more important than raising NAD alone

 Epistemic status: KNOWN FACT: mitochondrial output must match nuclear programs, substrate supply, and 
quality control. STRONG INFERENCE: increasing one cofactor cannot repair a mismatched system. 
SPECULATIVE HYPOTHESIS: interventions selected by the limiting mitonuclear process outperform generic 
precursor supplementation.

 Proposed mechanism: diagnose whether limitation lies in redox/cofactor availability, electron transport, 
substrate delivery, mitochondrial translation, dynamics, or removal; increase capacity only when downstream 
demand and disposal are matched.

 Why it might influence aging: forcing flux through damaged mitochondria can increase reactive or 
immunogenic output without improving work.

 Pathways affected: NAD redox, sirtuins, electron transport, mitophagy, biogenesis, substrate oxidation, 
inflammatory signaling.

 Why potentially superior: it replaces a universal “low NAD” story with a constraint-based mitochondrial model.
 Supporting evidence: nicotinamide riboside reliably raises blood NAD in trials but has not consistently 

improved cognition or muscle function; urolithin A trials show selected mitochondrial and endurance signals 
without lifespan evidence. [R33–R35, R75]

 Evidence against: tissue-level mitochondrial diagnostics are invasive and variable; combination constraints may 
be impossible to identify reliably.

 Trade-offs and safety risks: oxidative stress, impaired glycolytic compensation, liver toxicity, interaction with 
cancer metabolism, or wasted treatment burden.

 Falsifier: baseline limitation phenotypes do not predict functional response better than unselected treatment, 
or matched strategies do not improve durable mitochondrial work.

 Required test: deeply phenotyped human muscle studies linking baseline respirometry, flux, and turnover to 
randomized mechanistic interventions, with externally validated response rules.

H13 — Mitophagy should precede mitochondrial biogenesis

 Epistemic status: KNOWN FACT: mitochondrial networks are maintained by coordinated removal and 
biogenesis. STRONG INFERENCE: expansion before removal can copy damaged components. SPECULATIVE 
HYPOTHESIS: verified mitophagic completion before a biogenic stimulus yields a healthier network.

 Proposed mechanism: create a bounded quality-control phase that reduces damaged-organelle fraction, then 
provide a distinct adaptive stimulus that rebuilds capacity.

 Why it might influence aging: biogenesis can increase mitochondrial mass without improving quality if 
templates, proteins, or network dynamics remain defective.

 Pathways affected: PINK1/Parkin and receptor-mediated mitophagy, lysosomes, PGC-1α, fission/fusion, mtDNA 
quality, cGAS–STING.

 Why potentially superior: it makes network quality, not abundance, the target and tests order under equal 
total stimulation.

 Supporting evidence: mitophagy restrains mtDNA-mediated inflammation; exercise biology naturally couples 
turnover and rebuilding; short human urolithin A studies support target engagement but not the sequence. 
[R32, R35]

 Evidence against: mitophagy and biogenesis are tightly coupled and may not be separable; excessive removal 
could create energetic failure; human completion markers are weak.

 Trade-offs and safety risks: fatigue, muscle loss, cardiac dysfunction, inflammatory debris, or impaired 
adaptation.

 Falsifier: clearance→biogenesis produces no improvement in network quality, work capacity, or inflammation 
versus reverse/simultaneous order.
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 Required test: isotope-resolved mitochondrial turnover in aged muscle and organoids, then order-controlled 
animal studies with functional and pathology endpoints.

H14 — Autophagy and protein synthesis should be temporally alternated to preserve 

muscle

 Epistemic status: KNOWN FACT: muscle requires both proteolytic quality control and protein synthesis. 
STRONG INFERENCE: chronic catabolism and chronic anabolism are each harmful. SPECULATIVE HYPOTHESIS: 
alternating completion states maximizes net functional protein quality.

 Proposed mechanism: separate maintenance windows from anabolic adaptation windows while monitoring 
muscle reserve and recovery.

 Why it might influence aging: sarcopenia reflects not only insufficient synthesis but denervation, inflammation, 
mitochondrial dysfunction, and accumulation of damaged proteins.

 Pathways affected: mTORC1, AMPK, autophagy, ubiquitin–proteasome system, ribosome biogenesis, insulin 
sensitivity, neuromuscular remodeling.

 Why potentially superior: a fixed anti-growth program may protect some aging pathways while accelerating 
frailty; a fixed anabolic program may suppress maintenance.

 Supporting evidence: resistance and aerobic training improve human reserve; calorie restriction improves 
several risk factors but raises concern about lean mass; mTOR modulation has immune signals but limited 
human functional evidence. [R8–R15, R67, R68]

 Evidence against: the optimal interval is tissue-, age-, and nutrition-dependent; training itself already creates 
overlapping turnover and synthesis; blood mTOR markers are poor tissue proxies.

 Trade-offs and safety risks: sarcopenia, hypoglycemia, injury, impaired healing, or proliferative signaling in 
occult cancer.

 Falsifier: phase-separated strategies do not improve muscle quality, strength, or recovery compared with 
continuous balanced support at equal energy and exercise exposure.

 Required test: randomized older-adult mechanistic trial using only established low-risk exercise/nutrition 
exposures, comparing temporal patterns with equal totals and measuring muscle turnover, strength, function, 
and adverse events.

H15 — Hormetic stimulus first, delayed resolution second

 Epistemic status: KNOWN FACT: exercise and other adaptive stimuli require transient redox, energetic, and 
inflammatory signaling. STRONG INFERENCE: suppressing that signal at the wrong time can blunt adaptation. 
SPECULATIVE HYPOTHESIS: delayed, state-triggered resolution improves adaptation without prolonging 
damage.

 Proposed mechanism: allow the initial signal required for transcriptional and immune coordination, then 
intervene only if magnitude or recovery time exceeds an individualized safe envelope.

 Why it might influence aging: aged organisms may suffer both insufficient adaptive signaling and prolonged 
post-stimulus inflammation.

 Pathways affected: ROS signaling, AMPK, PGC-1α, cytokines, macrophage transitions, mitochondrial biogenesis, 
muscle remodeling.

 Why potentially superior: it treats the time integral and recovery of stress, not the instantaneous peak, and 
avoids automatic post-stimulus suppression.

 Supporting evidence: high-dose antioxidant trials blunted selected exercise-induced insulin-sensitivity or 
mitochondrial adaptations; high-dose ibuprofen attenuated hypertrophy in young adults, though results differ 
by age, dose, and study. [R51–R54]
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 Evidence against: molecular blunting does not always reduce performance; oxidative/inflammatory injury can 
be dangerous; the optimal delay is not known.

 Trade-offs and safety risks: uncontrolled inflammation, arrhythmia or injury in vulnerable participants, delayed 
analgesia, and age-specific responses.

 Falsifier: adaptive benefit does not relate to signal duration/recovery, or delayed control is not superior to 
immediate, continuous, or no suppression.

 Required test: randomized, time-controlled human exercise studies with equal intervention exposure, serial 
tissue/blood measures, validated functional outcomes, and prespecified age/frailty strata.

H16 — Circadian phase locking improves combination efficiency

 Epistemic status: KNOWN FACT: metabolism, immunity, repair, and pharmacokinetics vary with circadian 
phase. STRONG INFERENCE: clock-time dosing misclassifies biological time. SPECULATIVE HYPOTHESIS: 
phase-locking the adaptive cycle to measured circadian state improves efficacy and reduces toxicity.

 Proposed mechanism: align maintenance, feeding/growth, immune, and recovery perturbations with individual 
biological phase and phase stability.

 Why it might influence aging: circadian fragmentation can cause incompatible programs to overlap and can 
change tissue exposure even at identical administered amounts.

 Pathways affected: clock genes, cortisol/melatonin rhythms, insulin sensitivity, autophagy, immune trafficking, 
hepatic metabolism, sleep.

 Why potentially superior: conventional chronotherapy uses population clock time; Project 150 uses within-
person phase and phase drift as controller inputs.

 Supporting evidence: chronopharmacology changes response and toxicity in several diseases; feeding time 
affects lifespan and pathology in mice with substantial sex differences. [R47, R48]

 Evidence against: convenient peripheral phase markers may not match target organs; schedules impair 
adherence; no human longevity outcome trial supports the concept.

 Trade-offs and safety risks: sleep disruption, hypoglycemia, medication errors, inequity for shift workers, and 
false precision.

 Falsifier: biological-phase alignment does not outperform clock-time or flexible control after adherence and 
exposure are matched.

 Required test: crossover pharmacodynamic and exercise/nutrition studies using validated phase markers, 
followed by long-term trials only if reproducible target engagement and tolerability are shown.

H17 — Recovery kinetics are a better control variable than static biological age

 Epistemic status: KNOWN FACT: functional recovery and physiologic variability change with age and disease. 
STRONG INFERENCE: return-to-baseline time captures reserve and damping. SPECULATIVE HYPOTHESIS: 
recovery kinetics predict and guide benefit more reliably than a static clock.

 Proposed mechanism: measure the amplitude, time constant, overshoot, and residual deficit after 
standardized low-risk perturbations.

 Why it might influence aging: resilience is the capacity to absorb and resolve stress; two people with the same 
baseline can differ greatly in recovery.

 Pathways affected: autonomic, cardiovascular, metabolic, immune, neuromuscular, sleep, and cognitive 
systems.

 Why potentially superior: within-person trajectories reduce some between-person confounding and directly 
test the completion of an adaptive cycle.

 Supporting evidence: longitudinal physiologic data show age-related increases in recovery time and variance; 
fitness, gait, and strength strongly predict clinical outcomes. [R7, R67, R68]
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 Evidence against: model estimates depend on sampling, device error, behavior, and perturbation choice; 
recovery associations do not establish that shortening recovery extends life.

 Trade-offs and safety risks: overtesting, provoking injury, false alarms, and optimization of a device metric 
rather than health.

 Falsifier: standardized recovery features are not reproducible, do not predict hard or functional outcomes 
beyond baseline measures, or fail to mediate intervention benefit.

 Required test: prospective multi-cohort validation with fixed protocols, blinded outcome adjudication, external 
replication, and comparison against conventional risk models and omics clocks.

H18 — The weakest-reserve/organ-discordance principle

 Epistemic status: KNOWN FACT: organs can show discordant molecular aging and disease trajectories. STRONG 
INFERENCE: the least resilient critical system can constrain organismal benefit. SPECULATIVE HYPOTHESIS: 
targeting the current bottleneck outperforms uniform “whole-body age” reduction.

 Proposed mechanism: estimate organ-specific reserve and interaction load, then prioritize the system whose 
failure most limits recovery or makes another intervention unsafe.

 Why it might influence aging: improving an already robust system may not change outcomes when vascular, 
immune, kidney, brain, or muscle reserve is limiting.

 Pathways affected: multi-organ perfusion, metabolism, immunity, clearance, mobility, cognition, drug handling.
 Why potentially superior: composite biological-age scores can conceal dangerous organ discordance and 

encourage treatment of an average that no organ actually has.
 Supporting evidence: human plasma-proteomic studies identify organ-specific aging patterns and associations 

with disease and mortality. [R5, R6]
 Evidence against: organ clocks are correlational, vulnerable to leakage from disease biomarkers, and not 

validated as treatment-selection tools.
 Trade-offs and safety risks: overdiagnosis, expensive omics, model drift, and neglect of unmeasured organs.
 Falsifier: organ-specific reserve models do not improve prospective risk prediction or treatment-effect 

heterogeneity beyond standard clinical measures.
 Required test: locked models validated across cohorts and assay batches, then biomarker-stratified trials that 

randomize bottleneck-targeted versus uniform strategies.

H19 — Endothelial shear and perfusion form a multi-organ control node

 Epistemic status: KNOWN FACT: vascular risk-factor control and fitness improve major human outcomes; 
endothelial function governs organ delivery. STRONG INFERENCE: microvascular quality couples muscle, 
brain, kidney, and immune aging. SPECULATIVE HYPOTHESIS: improving distributed perfusion increases the 
response to later repair phases.

 Proposed mechanism: restore flow-responsive endothelial signaling and capillary exchange so quality-control 
and regeneration receive oxygen, substrates, cells, and waste removal.

 Why it might influence aging: even intact cells fail in a poorly perfused, prothrombotic, or leaky network.
 Pathways affected: nitric oxide, shear sensing, capillary density, glycocalyx, thrombosis, mitochondrial 

substrate delivery, neurovascular coupling.
 Why potentially superior: it can improve several downstream systems and may convert non-responders into 

responders without directly forcing cell growth.
 Supporting evidence: blood pressure, atherogenic lipids, glycemic control where indicated, activity, and 

cardiorespiratory fitness have far stronger human-outcome evidence than experimental geroprotectors; 
endothelial biology is causal in disease. [R67, R68]
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 Evidence against: vascular improvement may reduce disease without changing intrinsic aging; endothelial 
function tests vary; reverse causation affects fitness associations.

 Trade-offs and safety risks: hypotension, ischemia from inappropriate demand, bleeding, arrhythmia, or 
exercise injury in high-risk groups.

 Falsifier: improved perfusion does not increase downstream treatment response or durable organ reserve 
beyond conventional risk reduction.

 Required test: mechanistic mediation analyses embedded in randomized vascular/fitness interventions, then 
sequential trials testing whether a verified perfusion gain modifies a later repair response.

H20 — Every regenerative phase creates a proliferative debt

 Epistemic status: KNOWN FACT: proliferation and replicative capacity can promote repair and cancer; telomere 
length has opposing disease associations. STRONG INFERENCE: regenerative exposure changes clonal 
selection. SPECULATIVE HYPOTHESIS: cumulative proliferative opportunity should be treated as a tracked 
safety liability.

 Proposed mechanism: quantify the duration and magnitude of regenerative signaling, tissue turnover, and 
clone change; require surveillance and recovery time before another proliferative phase.

 Why it might influence aging: short-term functional improvement could be offset years later by malignancy or 
fibrotic clonal expansion.

 Pathways affected: stem-cell cycling, telomeres, DNA damage response, immune surveillance, oncogenic 
clones, fibrosis.

 Why potentially superior: conventional trials stop before many cancers emerge and treat each cycle as 
independent.

 Supporting evidence: human telomere genetics show trade-offs between several cancers and non-neoplastic 
diseases; clonal hematopoiesis evolves over decades. [R25–R29, R40, R41]

 Evidence against: no validated unit of “proliferative debt” exists; surveillance can detect without preventing 
disease; benefits may justify risk in severe conditions.

 Trade-offs and safety risks: overtesting, radiation or biopsy burden, anxiety, false positives, and an unjustified 
assumption that all proliferation is equivalent.

 Falsifier: cumulative regenerative exposure and clonal dynamics do not predict delayed neoplasia or loss of 
benefit in long-term studies.

 Required test: lifelong animal follow-up and linkage of human regenerative trials to cancer registries with serial 
clonal measures, preplanned lag analyses, and appropriate competing-risk models.

H21 — Host-first microbiome control

 Epistemic status: KNOWN FACT: microbiota interact with diet, barriers, immunity, and metabolism. STRONG 
INFERENCE: host context determines the effect of a microbial community or metabolite. SPECULATIVE 
HYPOTHESIS: stabilizing host barrier and metabolic receptor state before microbiome manipulation improves 
reproducibility.

 Proposed mechanism: measure and modify host substrate, transit, barrier, bile-acid, immune, and medication 
context before attempting taxonomic replacement.

 Why it might influence aging: the same organism or metabolite can be beneficial or harmful depending on 
oxygen, substrate, permeability, and host response.

 Pathways affected: gut barrier, innate immunity, short-chain fatty acids, bile acids, tryptophan metabolites, 
glucose regulation, brain–gut signaling.

 Why potentially superior: it targets a causal interface and reduces the ecological instability that makes “young 
microbiome” transfers inconsistent.
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 Supporting evidence: aging microbiome associations are substantial, but human trials of prebiotics and FMT 
show selective or inconsistent benefits; a twin prebiotic trial improved cognition but not muscle. [R60–R63]

 Evidence against: host-first variables may still not explain donor, strain, phage, and geographic effects; causality 
is difficult; stool poorly represents mucosal ecosystems.

 Trade-offs and safety risks: infection transmission, metabolic harm, antibiotic-resistance transfer, immune 
effects, and false confidence from commercial stool tests.

 Falsifier: host-state stratification does not improve engraftment, metabolite function, or clinical response 
reproducibility.

 Required test: randomized factorial studies of host stabilization × microbiome intervention with functional 
metabolomics, barrier endpoints, strain tracking, and long safety follow-up.

H22 — Identity-preserving epigenetic repair, not broad reprogramming

 Epistemic status: KNOWN FACT: epigenetic state changes with age and can be experimentally altered. STRONG 
INFERENCE: some changes are consequences or protective adaptations. SPECULATIVE HYPOTHESIS: locus- 
and damage-context-specific repair could restore function without loss of identity. This is excluded from v1.0 
intervention layers.

 Proposed mechanism: correct a validated causal regulatory lesion while preserving lineage, dosage, and tumor-
suppressive programs; avoid systemic expression of pluripotency factors.

 Why it might influence aging: stable transcriptional misregulation may maintain dysfunction after the original 
stress is gone.

 Pathways affected: chromatin, DNA methylation, histone state, DNA repair, transposable elements, lineage 
identity, tumor suppression.

 Why potentially superior: it sets a much narrower target than “make the clock younger” and requires 
functional rescue independent of dedifferentiation.

 Supporting evidence: partial reprogramming can improve selected phenotypes in cells and animals; epigenetic 
states are partly reversible. [R42, R43, R45]

 Evidence against: no systemic human rejuvenation evidence exists; clocks can change without proven benefit; 
dedifferentiation, teratoma, dysplasia, and cancer remain central; influential mechanistic claims have been 
challenged. [R4, R42–R46]

 Trade-offs and safety risks: malignancy, loss of cell identity, organ failure, immune reactions, off-target editing, 
and irreversibility.

 Falsifier: functional rescue cannot be separated from dedifferentiation, or any effective manipulation increases 
clonal expansion/tumor pathology at relevant follow-up.

 Required test: causal-locus validation in human cells and organoids, lineage-traced aged animals, multi-year 
tumor surveillance, and independent replication. No human aging trial is justified on current evidence.

H23 — The neurovascular–sleep clearance loop is a brain-aging bottleneck

 Epistemic status: KNOWN FACT: sleep, vascular disease, and neurodegeneration are associated; sleep-
disordered breathing is treatable disease. STRONG INFERENCE: neurovascular and barrier state affect brain 
homeostasis. SPECULATIVE HYPOTHESIS: improving the coupled loop is more effective than targeting putative 
glymphatic clearance alone.

 Proposed mechanism: jointly model sleep architecture, respiration, vascular pulsatility, BBB state, autonomic 
function, and brain clearance markers.

 Why it might influence aging: sleep and vascular impairment may reduce clearance and recovery while 
neurodegeneration itself worsens sleep, creating bidirectional feedback.
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 Pathways affected: neurovascular coupling, BBB, cerebrospinal/interstitial fluid exchange, inflammation, 
autonomic regulation, protein aggregation.

 Why potentially superior: it avoids a one-cause “sleep flushes toxins” narrative and targets validated disease 
alongside experimental mechanisms.

 Supporting evidence: human imaging supports sleep-related fluid/clearance dynamics, and midlife short sleep 
associates with later dementia. [R55, R57, R59]

 Evidence against: glymphatic measurement and interpretation remain contested; some animal work reports 
lower clearance during sleep; sleep–dementia associations weaken with long follow-up and may reflect 
prodromal disease. [R56, R58]

 Trade-offs and safety risks: sedative harm, falls, respiratory suppression, overtreatment based on consumer 
sleep staging, and confounding by preclinical neurodegeneration.

 Falsifier: changing validated sleep/vascular variables does not change independently measured clearance or 
cognition, or clearance changes do not mediate clinical benefit.

 Required test: longitudinal human imaging with validated sleep physiology, randomized treatment of 
established sleep/vascular disorders, and mediation analysis without assuming a single clearance mechanism.

H24 — A longevity controller must model biological hysteresis

 Epistemic status: KNOWN FACT: biological responses depend on prior exposure and adaptation. STRONG 
INFERENCE: the same current biomarker value can arise from different trajectories. SPECULATIVE 
HYPOTHESIS: history-aware control prevents unsafe or ineffective phase decisions.

 Proposed mechanism: include recent intervention, infection, injury, weight change, sleep disruption, 
medication, and recovery history in the state estimate; require directional and kinetic context.

 Why it might influence aging: a low inflammatory marker after recovery differs from the same value during 
immunosuppression; low mTOR activity after a brief maintenance pulse differs from chronic malnutrition.

 Pathways affected: immune memory, endocrine feedback, receptor desensitization, epigenetic memory, 
muscle adaptation, autonomic recovery.

 Why potentially superior: fixed thresholds treat biologically non-equivalent states as identical and can trigger 
the wrong phase.

 Supporting evidence: immune and hematopoietic cells retain inflammatory memory; training and metabolic 
adaptation display strong history dependence. [R29, R64]

 Evidence against: history-aware models can overfit, become uninterpretable, and require burdensome data; 
hidden states may remain unobservable.

 Trade-offs and safety risks: algorithmic false precision, missed deterioration, data inequity, and model drift 
across laboratories or populations.

 Falsifier: adding trajectory/history features does not improve externally validated prediction or safe phase 
selection beyond current state and standard clinical variables.

 Required test: pre-registered comparison of static versus state-space models in longitudinal cohorts, followed 
by a shadow-mode controller that makes no treatment decisions until prospective performance is proven.

H25 — Net reserve after washout is the only acceptable early efficacy signal

 Epistemic status: KNOWN FACT: interventions can transiently move biomarkers without changing outcomes. 
STRONG INFERENCE: persistent function after exposure better reflects system change than acute 
pharmacology. SPECULATIVE HYPOTHESIS: a composite of durable reserve, recovery, and safety after 
washout predicts later healthspan better than clock change.

 Proposed mechanism: measure function and resilience after sufficient washout for direct pharmacologic or 
acute behavioral effects to dissipate; require no deterioration in a safety-domain reserve.
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 Why it might influence aging: a therapy that works only while forcing a pathway may suppress symptoms or a 
surrogate without restoring capacity.

 Pathways affected: all; this is an evaluation rule rather than a molecular target.
 Why potentially superior: it penalizes borrowed function, acute hemodynamic effects, dehydration, 

inflammation suppression, and assay artifacts.
 Supporting evidence: the RTB101 phase 3 failure despite interferon-pathway engagement illustrates surrogate 

risk; calorie restriction changed one pace-of-aging measure but not other clocks; no aging clock is clinically 
validated. [R3, R4, R9, R13]

 Evidence against: some effective therapies require continuous use; washout can be unethical or obscure a true 
disease-prevention effect; the right duration differs by mechanism.

 Trade-offs and safety risks: withdrawal effects, delayed rescue, and false rejection of maintenance therapies.
 Falsifier: post-washout reserve is less reproducible or predictive of meaningful outcomes than validated 

continuous-treatment measures.
 Required test: prospectively compare acute, on-treatment, and post-washout biomarkers with later functional 

and clinical outcomes across multiple intervention classes.

H26 — Adaptive longevity is a constraint-satisfaction problem, not score maximization

 Epistemic status: KNOWN FACT: interventions have competing organ effects and heterogeneous responses. 
STRONG INFERENCE: optimizing one aging score can harm an unmeasured domain. SPECULATIVE 
HYPOTHESIS: a controller that maximizes the worst-domain reserve under hard safety constraints is more 
robust than one maximizing average biomarker improvement.

 Proposed mechanism: choose the smallest reversible perturbation expected to improve the limiting reserve 
while enforcing cancer, infection, cardiovascular, kidney/liver, muscle, bone, cognition, and quality-of-life 
constraints.

 Why it might influence aging: organismal failure often occurs at the weakest critical system, not the mean of all 
systems.

 Pathways affected: all measured domains; the intervention set remains modular and evidence-gated.
 Why potentially superior: it refuses a large gain in one proxy when accompanied by a small but consequential 

loss in muscle, immunity, or clonal stability.
 Supporting evidence: organ-age discordance, multimorbidity, and heterogeneous intervention response make 

single-score optimization biologically implausible. [R5, R6, R49]
 Evidence against: hard constraints can make the controller overly conservative; unmeasured harms remain; 

weights and thresholds encode value judgments.
 Trade-offs and safety risks: complexity, opacity, biased training data, under-treatment, and frequent false 

stops.
 Falsifier: constraint-based selection does not reduce adverse trade-offs or improve durable function compared 

with conventional guideline-based or average-score strategies.
 Required test: simulated-policy evaluation on longitudinal trial data, then prospective shadow testing, then 

only low-risk adaptive trials with independent data-safety monitoring.

Hypothesis synthesis

The hypotheses cluster into four levels:

 State estimation: H5, H7, H8, H17, H18, H20, H24, H25.
 Ordering and phase control: H1–H4, H13–H16.
 Multi-organ control nodes: H6, H10–H12, H19, H21, H23.
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 Frontier or excluded mechanisms: H9 and H22 require substantially stronger specificity and safety evidence 
before human aging studies.

The full  architecture can be falsified even if individual components remain valid. If  matched-exposure 

sequential control does not improve durable reserve, the central Project 150 claim fails.
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Adaptive Longevity Cycle

The cycle is a  research architecture, not a calendar, drug stack, fasting plan, or self-experiment. Phase 

transitions are hypotheses to be tested. A person or tissue may remain in a stabilization or recovery state  

indefinitely; advancing is never mandatory.

Figure 2. Adaptive Longevity Cycle. The system may stop, repeat, or return to stability at any gate. Regeneration is permitted only 
after clearance, resolution, niche, and clonal-risk criteria are met.

Phase Biological objective Candidate research 
signals Exit condition Principal failure mode

0. Stability and 
eligibility

Stabilize recognized 
disease; define baseline 
reserve and uncertainty

Standard clinical risk, 
function, medications, 
infection/wound status, 
frailty, cancer history, 
organ function

Stable trajectory and 
acceptable uncertainty; 
otherwise remain here

Mistaking treatable 
disease or instability for 
“aging” and adding 
experimental risk

1. Damage-source 
reduction

Lower ongoing 
metabolic, 
hemodynamic, toxic, 
infectious, sleep-
related, or 
mitochondrial injury

Validated risk factors, 
exposure history, sleep-
disorder evaluation, 
tissue-specific 
mechanisms

Downward or stable 
damage trajectory 
without loss of reserve

Suppressing adaptive 
signaling or causing 
undernutrition/frailty

2. Quality control and 
bounded clearance

Complete 
autophagic/mitophagic, 
proteostatic, immune, 
or matrix-debris 
handling

Flux-oriented research 
measures, organ 
handling, inflammatory 
response, function

Evidence of completed 
flux and no organ 
decompensation

Creating debris faster 
than it can be disposed 
of; removing useful 
cells
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Phase Biological objective Candidate research 
signals Exit condition Principal failure mode

3. Active resolution Exit sterile defense 
state while preserving 
immune competence

Return-to-baseline 
kinetics, immune 
phenotype, absence of 
infection, wound and 
symptom status

Falling danger signals 
plus preserved host 
defense

Blanket 
immunosuppression, 
occult infection, 
unresolved tissue injury

4. Niche and interface 
repair

Improve perfusion, 
barrier, glycocalyx, 
matrix, and cell-context 
quality

Vascular function, 
imaging, permeability 
and mechanics 
measures, organ 
reserve

Functional niche gain 
without structural 
instability

Bleeding, edema, 
matrix weakening, 
plaque/wound 
destabilization

5. Limited regeneration 
and adaptation

Rebuild muscle, 
immune, epithelial, 
neural-support, or 
other functional 
reserve

Tissue-specific function, 
turnover, clonal state, 
cardiometabolic 
tolerance

Prespecified gain or 
time limit, whichever 
occurs first

Clonal expansion, 
fibrosis, hypertrophy 
without function, 
energy overload

6. Recovery, washout, 
and learning

Determine whether 
gains persist without 
forcing the pathway

Recovery time, adverse 
events, post-washout 
reserve, multi-domain 
trajectory

Durable gain with no 
constraint violation; 
otherwise revise or 
stop

Withdrawal effects, 
regression to the mean, 
mistaking an acute 
effect for repair

Gate logic

A transition is allowed only when four conditions are satisfied:

1. Completion: the current phase has achieved its prespecified mechanistic and functional objective.

2. No weakest-domain deterioration: muscle, cognition, immune competence, vascular stability, kidney/liver 
handling, bone, or quality of life has not meaningfully worsened.

3. Risk constraints: no active infection, unhealed injury, unstable cardiovascular disease, unexplained cytopenia, or 
concerning neoplastic/clonal signal relevant to the next phase.

4. Measurement confidence: change exceeds assay and day-to-day variation and is confirmed by at least one 
independent domain.

Failure at a gate leads to stop, recovery, or return to stability—not automatic escalation. The safest cycle  

may  contain  only  phases  0,  1,  5  through  established  adaptation,  and  6  until  experimental  evidence 

justifies more.

Why simultaneous activation may fail

 mTOR-driven protein synthesis and maximal autophagic breakdown compete for substrates and regulatory 
direction.

 broad anti-inflammatory pressure can impair early host defense or training/wound signals, whereas persistent 
inflammation blocks differentiation and repair.

 senescent-cell removal during active healing can remove coordinators of tissue repair; stimulating proliferation 
before clearance can expand stressed or mutated cells.
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 energy restriction may improve metabolic risk while worsening lean mass, bone, fertility, wound healing, or 
immune reserve.

 regenerative signaling without vascular delivery and matrix correction may produce nonfunctional or fibrotic 
tissue.

These  antagonisms  do  not  imply  that  pathways  are  binary  or  perfectly  separable.  The  experimental 

question is whether partial temporal separation plus state gating improves net outcomes.

Project 150 Biological Dashboard

The dashboard measures trajectory, functional reserve, recovery, safety, and uncertainty. It deliberately 

refuses to compress aging into a single consumer score.

Control-state representation

At time t, the research state is represented conceptually as:

X(t) = [validated clinical risk, organ reserve, damage input, clearance capacity, 

inflammatory/resolution state, regenerative capacity, clonal risk, recovery kinetics, uncertainty].

The controller seeks to maximize durable post-washout reserve while satisfying hard safety constraints. A 

change is actionable in research only when it is larger than expected analytic and biological variation,  

replicated or corroborated, temporally coherent, and relevant to a prespecified decision.

Layer 1 — Validated clinical outcomes and risk substrate

These measures have the strongest link to human health. They do not measure the rate of aging directly,  

but ignoring them would make any longevity experiment scientifically and ethically incoherent.

Domain Core measures in a research 
cohort What they can support What they cannot prove

Clinical outcomes Death, major cardiovascular 
events, cancer, serious 
infection, disability, 
falls/fractures, hospitalization, 
institutionalization

Hard or patient-relevant 
benefit and harm

Mechanism without 
supporting data

Vascular Standardized blood pressure, 
symptoms, conventional 
vascular evaluation, 
atherogenic lipids including 
ApoB/non-HDL where 
appropriate

Established disease-risk 
trajectory

Reversal of biological age
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Domain Core measures in a research 
cohort What they can support What they cannot prove

Glucose/metabolic Fasting glucose/HbA1c and 
clinically indicated testing; 
body weight and waist; 
medication context

Diabetes/metabolic risk and 
safety

Lifespan extension from small 
short-term changes

Kidney/liver/hematology Creatinine/eGFR, cystatin C 
where useful, urine albumin, 
liver tests, CBC, clinically 
indicated investigations

Organ handling, adverse-event 
detection, disease risk

Tissue autophagy or 
rejuvenation

Cardiorespiratory reserve Standardized maximal or 
submaximal fitness testing, 
exercise tolerance, heart-rate 
recovery under protocol

Strong prognostic and 
functional information

Causal lifespan benefit from a 
biomarker alone

Muscle/neuromotor Grip, gait speed, chair 
rise/SPPB, balance, strength, 
lean mass interpreted with 
function

Frailty, mobility, adaptation, 
adverse catabolism

Improved muscle quality from 
lean mass alone

Cognition and brain Validated multidomain testing, 
function, mood, hearing/vision 
context, neurologic evaluation 
when indicated

Functional trajectory and 
safety

“Brain age” from one app test

Sleep Clinical sleep history, validated 
questionnaires, and diagnostic 
testing when indicated

Detection/treatment of 
recognized sleep disease

Glymphatic improvement 
from wearable sleep staging

Layer 2 — Functional resilience and perturbation response

These  are  promising  but  require  protocol  standardization  and  validation  before  they  can  control  an 

intervention.

Probe Candidate trajectory feature Value Critical limitation

Standardized submaximal 
exercise

Peak deviation, heart-rate 
recovery, time to 
symptom/metric baseline, 
next-day residual deficit

Integrated cardiovascular, 
autonomic, and metabolic 
reserve

Fitness, medication, 
temperature, and device 
effects

Fixed strength/function 
session

Performance decay, recovery 
of force, soreness/injury, gait 
stability

Muscle and neuromotor 
resilience

Learning and motivation; 
unsafe if not screened

Controlled meal test Glucose/lipid excursion and 
recovery under standardized 
context

Metabolic flexibility Meal, sleep, prior activity, and 
drug confounding

Routine vaccination in trial 
participants

Antibody/cellular response 
and inflammatory recovery

Immune competence under a 
clinically indicated stimulus

Vaccine-specific; not ethical to 
repeat merely as a probe
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Probe Candidate trajectory feature Value Critical limitation

Recovery after ordinary clinical 
stress

Time to mobility, cognition, 
appetite, sleep, and 
inflammation baseline after 
indicated surgery/infection

Real-world resilience Strong confounding by illness 
severity and care

Passive longitudinal sensing Weekly medians and variance 
for activity, resting heart rate, 
sleep timing, possibly HRV

Dense within-person 
trajectory and adherence 
context

Proprietary algorithms, 
artifacts, and poor endpoint 
validation

No risky perturbation should be induced solely to obtain a resilience score. The preferred strategy is to 

standardize safe exercise/metabolic probes or learn from clinically indicated events.

Layer 3 — Investigational mechanistic measures

Measure class Potential use Present status Project 150 rule

Inflammatory proteins and 
immune phenotypes

Mechanism, subgrouping, 
recovery kinetics

Context-dependent; infection, 
obesity, disease, and 
medications confound

Use panels and trajectory; 
never a single cytokine target

DNA-methylation clocks Cohort stratification and 
exploratory response

No clock is a validated 
individual clinical surrogate; 
clocks disagree

Report all prespecified clocks 
and functional outcomes; no 
treatment decisions from one 
clock

Organ-specific proteomic 
clocks

Detect organ discordance and 
generate bottleneck 
hypotheses

Large-cohort association; 
platform and disease leakage 
concerns

External validation and locked 
models before stratified trials

Clonal hematopoiesis Risk stratification and effect 
modification

Strong association; uncertain 
intervention pathway

Research gate only with 
counseling/governance; not 
universal consumer screening

Senescence panels Target engagement and 
spatial hypotheses

No universal marker; tissue 
heterogeneity

Require multi-marker, cell-
identity, and duration context

Cell-free 
mitochondrial/nuclear DNA

Damage-source hypothesis Nonspecific, compartment and 
preanalytics matter

Mechanistic only; pair with 
source and immune-function 
measures

Mitochondrial flux/turnover Identify limiting process High mechanistic value, often 
invasive

Prefer validated tissue studies; 
blood NAD is not 
mitochondrial function

ECM/glycocalyx/barrier 
measures

Test niche-first hypothesis Promising but assay 
standardization is incomplete

Validate against reference 
imaging/tissue mechanics

Microbiome and metabolome Functional host–microbe 
interactions

Taxonomy unstable; causality 
limited

Emphasize function, host 
state, and strain tracking, not 
a “young microbiome score”

Telomere length Population/genetic research High analytic variability and 
cancer trade-offs

Never use as a stand-alone 
goal or justify telomerase 
activation
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Dashboard decision rules

1. Use slopes, not snapshots. Predefine repeated measurements and model within-person change with confidence 
intervals.

2. Triangulate. Require agreement between function, a relevant mechanism, and safety—not agreement among 
several correlated omics variables.

3. Respect minimum detectable change. Differences smaller than combined analytic and biological variation are 
“no conclusion.”

4. Track uncertainty as a variable. Missing data, assay drift, intercurrent illness, and adherence reduce controller 
confidence and favor no change.

5. Separate acute effect from system change. Measure on-treatment response, recovery, and an appropriate post-
washout state.

6. Use negative controls. Include biomarkers that should not change and outcomes vulnerable to expectancy or 
practice effects.

7. Prespecify stop rules. Safety-domain deterioration overrides improvement in an exploratory age score.
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PROJECT 150 ADAPTIVE LONGEVITY THERAPY — VERSION 1.0

A. Biological objective

Increase  the  duration  and  robustness  of  multi-organ  functional  reserve by  restoring  the  ability  to 

complete  maintenance,  resolution,  repair,  and  adaptation  cycles,  while  preventing  malignant/clonal 

expansion, infection, cardiovascular destabilization, and catabolic loss. The architecture seeks healthspan 

first. Lifespan benefit remains a downstream possibility that must be demonstrated, not assumed.

B. Main aging control nodes

1. validated vascular–metabolic and muscle reserve;

2. lysosomal–mitochondrial–proteostatic quality-control capacity;

3. immune surveillance, inflammatory resolution, and clonal ecology;

4. endothelial, glycocalyx, barrier, and ECM niche quality;

5. temporal nutrient/growth–maintenance control;

6. recovery kinetics and organ-specific bottleneck reserve.

C. Intervention layers

Layer Role in v1.0 Allowed evidence status Examples of research 
questions—not prescriptions

0. Substrate control Treat recognized disease and 
major modifiable risk; 
preserve fitness, muscle, 
sleep, and function

Standard clinical 
evidence/guidelines

Does controlling a validated 
bottleneck improve response 
to a later experimental phase?

1. State estimation Establish trajectory, risk, 
clonal context, and 
uncertainty

Validated measures plus 
governed exploratory assays

Can recovery and organ 
discordance predict response 
beyond baseline risk?

2. Maintenance/clearance Test bounded quality-control 
and debris-handling concepts

Preclinical until human 
safety/target validity exists

Does clearance capacity 
predict toxicity and functional 
response?

3. Resolution/niche repair Exit chronic defense and 
improve the tissue interface

Mostly mechanistic/preclinical Does verified resolution or 
niche normalization enable 
safer regeneration?

4. Regeneration/adaptation Restore tissue-specific 
function in a limited window

Established adaptation 
methods first; experimental 
agents only after phase-
specific evidence

Is gain greater when the niche 
and clonal gates are satisfied?

5. Recovery/learning Washout where scientifically 
and ethically appropriate; 
measure durable reserve and 
update model

Required for every 
experimental component

Did the system improve, or 
was function borrowed from 
ongoing pathway forcing?
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Layer 0 is deliberately not branded as a novel anti-aging treatment. It is the ethical control substrate and 

likely contributes more proven near-term health benefit than any experimental layer.

D. Timing and sequencing principles

 sequence by measured state, not calendar alone;
 separate high-conflict maintenance and anabolic signals where feasible;
 reduce ongoing damage input before increasing clearance load;
 require disposal and inflammatory resolution before regenerative stimulation;
 repair perfusion and niche context before cell-centric regeneration;
 phase-lock relevant stimuli to biological time only after the phase marker is validated;
 finish with recovery and, where appropriate, washout before judging efficacy.

E. Feedback mechanisms

The controller  estimates whether the observed response is  adaptive,  incomplete,  or  harmful.  It  then 

continues, stops, returns to recovery, or revises the model. It  never compensates for a serious safety 

signal by increasing an intervention. Updates are Bayesian in spirit but must be prespecified enough to  

avoid retrospective storytelling.

F. Biomarkers

Primary early endpoints are function and recovery; primary long-term endpoints are clinical. Validated 

risk  factors  define  the  substrate.  Mechanistic  biomarkers  test  phase  completion.  Omics  clocks  are 

exploratory. No single biomarker opens a gate.

G. Safety constraints

Hard constraints include active infection, unhealed injury,  unexplained weight or blood-count change, 

unstable  cardiovascular  disease,  worsening  kidney/liver  function,  functional  decline,  concerning 

neurologic change, and a clonal/oncologic signal relevant to the proposed mechanism. Specific thresholds 

belong to each regulated protocol and must not be improvised from this report.

H. Cancer-risk considerations

 baseline cancer history, age-appropriate screening, unexplained symptoms, and trial-specific evaluation 
precede any proliferative or immunosuppressive exposure;

 clonal hematopoiesis and other somatic mosaicism are research effect modifiers where analytically and 
ethically justified;

 regenerative phases are finite and separated by surveillance/recovery;
 long-term registry linkage and delayed-event analysis are mandatory because short trials cannot exclude 

cancer;
 clock improvement, telomere lengthening, or increased stem-cell activity never substitute for tumor safety.
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I. Cardiovascular considerations

Vascular disease is  both an aging outcome and an intervention modifier. Blood pressure, atherogenic 

lipids, glycemic disease, arrhythmia symptoms, exercise tolerance, thrombosis/bleeding risk, and kidney 

function  are  managed  within  evidence-based  care.  Clearance,  immune,  matrix,  and  regenerative 

interventions must be examined for plaque destabilization, endothelial leakage, hypotension, thrombosis,  

fluid shift, and heart failure—not only for average biomarkers.

J. Brain-health considerations

Brain  endpoints  must  include  function,  mood,  sensory  confounders,  practice  effects,  and 

neurovascular/sleep context. A peripheral “brain-age” protein or methylation score is not proof of neural  

repair.  Any  intervention affecting immunity,  vascular  permeability,  sleep architecture,  or  cell  identity 

requires specific neurologic and psychiatric safety surveillance.

K. Muscle and metabolic preservation

Muscle is a reserve organ, a metabolic sink, and a determinant of recovery. Project 150 forbids trading a 

favorable clock or inflammatory marker for loss of strength, gait, or lean-tissue function. Maintenance and 

growth phases must be judged by performance and neuromuscular recovery, not mass alone. Human 

trials  showing  that  metformin,  antioxidants,  or  anti-inflammatory  drugs  can  blunt  selected  training 

adaptations reinforce the need to test interactions and timing rather than assume additivity. [R16, R17,  

R51–R54]

L. How the system changes with biological age

State, not birthday Dominant objective Controller bias Interventions least tolerable

High reserve, low disease 
burden

Preserve reserve; identify 
trajectory without 
overtreatment

Minimal reversible 
perturbation; long observation

High-risk experimental agents 
with no hard-outcome 
rationale

Emerging organ discordance Correct the limiting validated 
substrate; learn recovery

Bottleneck-targeted, strong 
measurement discipline

Uniform stacks that ignore the 
weak organ

Multimorbidity Reduce interaction burden 
and treatment conflict

Clinical outcomes and safety 
dominate exploratory age 
measures

Complex combinations and 
washouts that destabilize 
disease

Frailty/sarcopenia Preserve energy, muscle, 
mobility, immunity, and 
independence

Conservative; shorter or no 
catabolic phases

Aggressive restriction, broad 
clearance, hypotensive or 
immunosuppressive strategies

Very advanced age or limited 
reserve

Comfort, function, 
falls/infection prevention, 
treatment simplification

High uncertainty favors no 
experimental escalation

Long-latency-risk interventions 
unlikely to yield timely benefit
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M. Evidence required before clinical consideration

An experimental  component  must  have:  independent  mechanistic  replication;  target  validity  in  aged 

human  tissue;  dose/exposure  rationale  from  regulated  development;  organ  and  immune  toxicology; 

infection,  wound-healing,  cardiovascular,  and  cancer  challenge  data  where  relevant;  both-sex  aged-

animal efficacy; a measurable phase-completion signal; a reversible stop strategy; and a registered early-

phase trial with independent safety monitoring. Clinical consideration requires replicated human benefit 

on function or disease outcomes—not merely a younger clock.
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Red-Team Analysis: What Could Make Project 150 Wrong?

Geroscientist

Attack. “State-transition  failure”  may  simply  rename the  hallmarks  and  add  an  unfalsifiable  systems 

vocabulary. Aging is heterogeneous, and no universal order may exist. Sequential effects in mice could  

reflect caloric intake, stress, or pharmacokinetics rather than a general control law.

Required  defense. The  matched-exposure  prediction  must  be  preregistered:  same  components  and 

cumulative  exposure,  different  order/control  logic,  durable  functional  and  pathology  outcomes.  The 

theory fails if the effect is not reproducible across tissues, sexes, sites, or intervention classes. Project 150  

should not claim universal ordering; it should identify where ordering changes net outcome.

Oncologist

Attack. Clearance and regeneration create selection pressure. Senolysis can remove tumor-suppressive 

cells,  immune manipulation can enable escape, matrix remodeling can aid invasion,  and regenerative 

stimulation can expand occult clones. A two-year “safe” trial is nearly irrelevant to cancer latency.

Required defense. Clonal dynamics, tumor incidence, precancerous pathology, immune competence, and 

long  follow-up  are  co-primary  safety  concerns—not  an  adverse-event  appendix.  Systemic  partial 

reprogramming, telomerase activation, non-selective stem-cell stimulation, and unlicensed regenerative 

products are excluded. Even a large clock or function effect cannot override a malignancy signal.

Cardiologist

Attack. Aging  trials  may  improve  inflammatory  markers  while  destabilizing  plaque,  lowering  blood 

pressure excessively, altering coagulation, or increasing heart failure risk. CHIP and inflammation are not 

interchangeable; suppressing one cytokine may not remove vascular risk.

Required defense. Events, symptoms, blood pressure, renal handling, arrhythmia, thrombosis/bleeding, 

fluid  status,  exercise  tolerance,  and  plaque-relevant  biology  must  be  monitored.  Established 

cardiovascular  prevention  is  not  delayed  for  experimental  phase  purity.  Vascular  substrate  control  

remains a prerequisite, not a comparator to withhold.

Neurologist

Attack. Peripheral omics do not demonstrate brain repair. Cognitive tests have practice effects. Sleep and 

glymphatic  narratives  are  vulnerable  to  reverse  causation,  and  BBB  manipulation  can  cause  edema, 

infection, or neuroinflammation.
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Required defense. Use validated multidomain cognition and daily function with alternate forms, sensory 

and mood covariates, prespecified neuroimaging or fluid measures where justified, and long follow-up. 

Treat recognized sleep and vascular disease; keep the clearance mechanism explicitly uncertain.

Pharmacologist

Attack. “Timing” can become post hoc dosing folklore. Tissue half-lives, active metabolites, irreversible 

target effects, and drug–drug interactions may erase nominal phase separation. Intermittent exposure can 

create rebound or peak toxicity.

Required defense. Define phase separation using measured pharmacokinetics/pharmacodynamics, not 

the calendar. Quantify tissue target engagement, washout, accumulation, and interaction. A component 

with an irreversible or unknown effect cannot be assumed reversible and receives a lower safety score.

Evolutionary biologist

Attack. Many  age-related  states  are  evolved  defenses  against  cancer,  infection,  starvation,  or  

reproductive  trade-offs.  Reversing  them  may  improve  a  short  phenotype  at  the  expense  of  a  rare  

catastrophic event. Maximum lifespan may not respond to optimization of late-life biomarkers.

Required defense. Treat senescence, inflammation, growth suppression, and quiescence as conditional 

defenses. Optimize worst-domain reserve under hard constraints, and use lifelong pathology rather than 

appearance or short-term performance in preclinical studies.

Clinical-trial designer

Attack. The architecture is too complex to blind, standardize, or attribute causality. Adaptive gating can 

create  selection  bias;  only  responders  advance,  making  later  phases  look  effective.  Long  follow-up, 

multiple tissues, and rare harms demand enormous samples.

Required defense. Decompose the architecture. First validate measurements, then ordering in factorial 

designs, then gating in a randomized strategy trial. Randomize the control policy itself, use intent-to-treat  

estimands, report non-advancement as an outcome, and use independent adjudication and data-safety 

monitoring.

Skeptical statistician

Attack. High-dimensional dashboards invite p-hacking, overfitting, regression to the mean, multiplicity, 

and optimistic surrogate selection. “Bottleneck” can always be declared retrospectively.  Biological-age 

clocks share inputs with disease endpoints and can leak outcome information.

Required  defense. Lock  models,  endpoints,  gates,  and  missing-data  rules  before  unblinding.  Use  an 

independent validation cohort, negative-control outcomes, assay batch controls, calibration and decision-
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curve  analysis,  hierarchical  testing,  and  long-term external  validation.  Publish  all  prespecified  clocks,  

including null and contradictory results.

Contradictory evidence that materially changes v1.0

1. Human geroprotector effects are modest and endpoint-specific. CALERIE improved validated risk factors but did 
not test lifespan; its methylation-clock result was small and inconsistent across clocks. [R8–R10]

2. Target engagement can fail to become clinical benefit. RTB101 influenced interferon-related biology but failed 
its phase 3 infection endpoint. [R13]

3. mTOR modulation is not established human longevity therapy. Early immune signals coexist with limited 
functional evidence and infection/lipid concerns; a small Alzheimer’s trial found no CSF detectability and 
several unfavorable biomarker changes. [R11–R15, R74]

4. Senolysis has not demonstrated generalized human rejuvenation. Pilots are small and disease-specific; a bone 
trial’s primary endpoint was negative; useful senescence is real. [R20–R24]

5. NAD precursor biochemistry exceeds outcome evidence. Blood NAD rises do not reliably translate to cognition 
or muscle function. [R33, R34, R75, R76]

6. Caloric/fasting interventions are heterogeneous. Some participants’ calculated biological age worsened in a 
fasting-mimicking-diet analysis, and time-restricted feeding extended lifespan in male but not female mice in 
a recent study. [R48, R49]

7. Exercise-interaction effects are context-dependent. Metformin, antioxidants, and high-dose anti-inflammatory 
exposure can blunt selected adaptations, but not every molecular change alters performance and older-adult 
data can differ. [R16, R17, R51–R54]

8. Glymphatic certainty is unwarranted. Human imaging is promising, but causal direction and sleep-state 
clearance remain debated. [R55–R59]

Components removed after red-team review

Removed from v1.0 Reason for removal Research status

Systemic partial epigenetic 
reprogramming

Dedifferentiation, dysplasia, tumor, 
identity, delivery, and irreversibility risks; 
no human rejuvenation evidence

Fundamental preclinical research only

Telomerase activation/intentional 
telomere extension

Human genetics shows cancer trade-offs; 
safe tissue-specific boundary unknown

Preclinical/disease-specific research only

Non-selective stem-cell or exosome 
“rejuvenation”

Unproven efficacy, product 
heterogeneity, infection, thrombosis, 
ectopic tissue and tumor risks; 
unapproved products have caused serious 
harm

Only regulated indications/trials; not a 
longevity layer [R69]

Chronic broad senolysis No universal target; beneficial 
senescence; human outcome evidence 
inadequate; repeated cytotoxic burden

Selective, disease-specific trials only

Chronic systemic cGAS–STING/NLRP3 
suppression

Antiviral and antitumor defense risks; 
human longevity evidence absent

Source-control and bounded mechanistic 
research
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Removed from v1.0 Reason for removal Research status

Indefinite mTOR suppression Infection, metabolic, lipid, wound, and 
muscle concerns; human outcome 
evidence inadequate

Regulated trials of specific 
compounds/indications

Young plasma/plasma-exchange 
rejuvenation claims

Mechanism and human healthspan 
evidence insufficient; procedure-related 
risk and commercialization concerns

Registered mechanistic trials only

Off-label growth hormone/sex-hormone 
“anti-aging”

Phenotype-specific gains do not establish 
net benefit; cardiovascular, thrombotic, 
metabolic, and cancer risks

Established indications only

Unvalidated consumer clock-directed 
treatment

No clinically validated individual aging 
surrogate; regression-to-mean and over-
treatment risk

Observational/research reporting only

Surviving core: measurement validation, matched-exposure sequencing, niche and clonal gating, low-risk 

functional adaptation, post-washout reserve, and a conservative constraint-based controller.



Evidence Matrix

Claim/component Best supporting evidence Evidence tier Direct human healthspan proof? Major contrary 
evidence/limitation v1.0 disposition

Aging mechanisms are coupled 
rather than independent

Hallmark synthesis; multi-organ 
omics; causal feedback in models

B–D No Frameworks can be descriptive and 
non-identifiable

Foundational model, not efficacy 
claim [R1, R5, R6]

Calorie restriction improves risk 
biology

Two-year CALERIE RCT A/B Risk factors, not lifespan Modest adherence; lean-mass and 
generalizability concerns; clocks 
disagree

Substrate evidence, not a protocol 
[R8–R10]

mTOR inhibition can alter older-
adult immune response

Phase 2 trials and systematic 
review

B No Phase 3 infection endpoint failed; 
limited function; safety/context 
concerns

Mechanistic precedent only [R11–
R15]

Intermittent exposure can have 
persistent lifespan effects

Multi-site mouse/other model-
organism studies

C No Species, sex, dose, pathology, and 
exposure translation

Supports timing experiments [R18, 
R19]

Senescent cells contribute to 
dysfunction

Human tissue signals plus causal 
animal clearance

C/D; limited B No generalized proof Senescence heterogeneity and 
beneficial repair/tumor roles; 
small/negative human studies

Target-state research, no broad 
senolysis [R20–R24]

CHIP links aging, inflammation, 
CVD, and malignancy

Meta-analysis and longitudinal 
cohorts; causal TET2 mouse data

B/C Predictive, not therapeutic Gene/clone heterogeneity; 
management uncertain

Research safety/effect-modifier 
gate [R25–R29]

Cytosolic DNA sensing links 
damage to inflammaging

Cell, human-tissue, and aged-
mouse causal work

C/D No Defense against infection and 
tumors; nonspecific human 
markers

Source-control hypothesis; chronic 
blockade excluded [R30–R32]

Raising NAD improves meaningful 
older-adult function

Small RCTs and meta-analyses B Inconsistent/no Biochemical target engagement 
exceeds clinical effect

Not included as generic therapy 
[R33, R34, R75, R76]

Mitophagy-targeting can improve 
mitochondrial endpoints

Short human urolithin A trials plus 
preclinical mechanism

B/C Selected function/biomarkers only Small, short, sponsor involvement, 
no lifespan

Ordering/target-validation 
research [R35]

ECM and glycocalyx can impose 
aged states

Human tissue/ex-vivo and animal 
restoration studies

C/D No Assays and translation weak; 
structural trade-offs

Niche-first research node [R36–
R39]

Longer telomeres are 
unconditionally beneficial

Human genetic studies B No Increased risk of several cancers, 
opposing disease effects

Rejected as v1.0 objective [R40, 
R41]

Partial reprogramming safely 
rejuvenates humans

Cell/animal studies C/D No Cancer, dedifferentiation, delivery, 
contested mechanism

Excluded from v1.0 [R42–R46]

Circadian timing changes 
response/toxicity

Human chronopharmacology; 
animal lifespan studies

B/C Not for longevity Phase measurement and 
adherence; sex-specific animal 
effects

Research modifier, not fixed 
schedule [R47, R48]

Static aging clocks can direct 
individual treatment

Cohort associations and 
intervention analyses

B No No clinical validation; statistical 
artifacts; inter-clock disagreement

Exploratory only [R3, R4, R9]

Recovery kinetics capture 
resilience

Longitudinal human data and 
strong functional prognosis

B Predictive, not causal Sampling/model dependence; 
device confounding

Priority measurement hypothesis 
[R7, R67, R68]
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Claim/component Best supporting evidence Evidence tier Direct human healthspan proof? Major contrary 
evidence/limitation v1.0 disposition

Sleep-driven brain clearance is 
established therapeutic 
mechanism

Human imaging and sleep cohorts B/D No Reverse causation, measurement 
debate, heterogeneous reviews

Coupled neurovascular hypothesis 
only [R55–R59]

A “young microbiome” is a 
transferable therapy

Associations and small 
interventional studies

B/D No Inconsistent response, ecological 
instability, transmission risk

Host-first factorial research [R60–
R63]

Sequential state-gated therapy 
beats simultaneous therapy

No direct human test E No Central uncertainty Primary Project 150 falsifiable 
hypothesis



Surrogate endpoint warning

Biological-age measures may be useful  for  screening mechanisms or  enriching cohorts.  They become 

surrogate  endpoints  only  after  intervention-induced  changes  reliably  predict  intervention-induced 

changes in clinical outcomes across relevant mechanisms. That criterion has not been met. Project 150 

therefore treats clocks as explanatory secondary measures, never as the success definition. [R3, R4, R70,  

R71]

Risk Matrix

Hazard Likelihood in an 
immature program Severity Early detectability Reversibility v1.0 constraint

Expansion of occult 
malignant/premaligna
nt clone

Unknown; mechanism-
dependent

Catastrophic Low–moderate Low Exclude high-risk 
modalities; 
clonal/tumor 
surveillance; finite 
phases; long follow-up

Infection or viral 
reactivation from 
immune suppression

Moderate for broad 
immune interventions

Major–catastrophic Moderate Variable No chronic broad 
suppression; infection 
gate; immune-function 
endpoints

Loss of useful 
senescent/repair cells

Plausible with 
nonselective clearance

Major Low Low–moderate No broad senolysis; 
wound-resolution and 
tissue-specific gates

Sarcopenia, bone loss, 
frailty from catabolic 
maintenance

Moderate in older/frail 
populations

Major High if function is 
measured

Moderate Strength/gait/weight 
constraints; short 
bounded phases; no 
forced progression

Cardiovascular 
destabilization

Mechanism- and 
baseline-dependent

Major–catastrophic Moderate Variable Standard risk control; 
event monitoring; 
plaque, arrhythmia, 
fluid and coagulation 
review

Failure of clearance 
causing inflammatory 
debris

Plausible but poorly 
quantified

Major Low–moderate Variable Clearance-capacity 
research gate; organ-
handling measures; 
stop rules

Matrix/barrier 
weakening, edema, 
bleeding

Plausible for niche 
interventions

Major Moderate Variable Organ-specific 
mechanics/permeabilit
y evidence; exclude 
systemic unvalidated 
remodeling

Autoimmunity from 
precision immune 
clearance

Unknown Major–catastrophic Moderate Low–moderate Extensive cross-
reactivity testing; no 
human entry without 
validated specificity

Dedifferentiation/
teratoma from 
reprogramming

Plausible and observed 
preclinically under 
some conditions

Catastrophic Low before damage Low Modality excluded 
from v1.0

Drug–drug or phase-
overlap toxicity

Moderate in 
multimorbidity

Major Moderate Moderate Pharmacokinetic phase 
definition; regimen 
simplification; 
interaction review
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Hazard Likelihood in an 
immature program Severity Early detectability Reversibility v1.0 constraint

Surrogate success with 
no clinical benefit

High in early 
geroscience

Moderate–major 
opportunity cost

Low in short trials High if recognized Hard/function 
endpoints, washout 
reserve, no clock-
defined success

Algorithmic overfitting 
or model drift

High without locked 
validation

Moderate–major Moderate High Shadow mode, 
external validation, 
audit, uncertainty-
driven no-action 
default

Incidental 
findings/overdiagnosis

Moderate with deep 
omics/imaging

Moderate High Low psychosocially Governance, 
counseling, 
prespecified return-of-
results policy

Inequitable model 
performance

High if cohorts are 
unrepresentative

Major Moderate Moderate Diverse recruitment, 
subgroup calibration, 
publish failures, do not 
deploy until validated

Risk is not summarized by an average. A low-probability catastrophic and delayed harm can dominate  

several modest biomarker gains.

Longevity Potential Scores

Scoring method

Each hypothesis is  scored 0–10 for  Plausibility,  Human evidence, potential  Benefit magnitude,  Safety, 

Measurability, Reversibility, Novelty, and practical researchabilitQ. The raw weighted score is:

0.20P + 0.20H + 0.15B + 0.20S + 0.10M + 0.05R + 0.05N + 0.05Q.

Safety  is  a  gate:  safety  below 3  is  rejected;  safety  3–4.9  caps  the overall  score  at  4.0;  safety  5–6.9  

multiplies  the  raw  score  by  safety/7.  Novelty  is  only  5% and  therefore  cannot  rescue  an  unsafe  or  

unsupported  concept.  Scores  are  research  priorities,  not  probabilities  of  success  or  treatment 

recommendations.



Hypothesis P H B S M R N Q Overall

H1 Temporal 
multiplexing

8 3 8 7 7 8 8 8 6.7

H2 Debris before 
growth

8 3 8 6 6 7 7 7 5.4

H3 Resolution before 
regeneration

8 4 7 7 6 7 6 8 6.5

H4 Niche first 8 3 8 7 5 7 8 7 6.4

H5 Clonal-ecology 
gate

9 7 8 8 7 9 8 8 8.0

H6 Danger budget 8 3 8 5 4 5 7 6 4.1

H7 Clearance-
capacity gate

7 2 7 6 4 8 8 5 4.7

H8 Senescence 
dwell/topology

8 2 7 6 4 7 8 6 4.9

H9 Immune precision 
clearance

7 1 8 4 3 3 9 4 4.0

H10 Glycocalyx–
barrier axis

7 3 7 7 4 7 8 6 5.9

H11 
Mechanobiological 
reset

8 2 8 6 3 6 9 5 4.9

H12 Mitonuclear 
matching

7 2 7 7 3 7 8 5 5.6

H13 Mitophagy 
before biogenesis

8 2 7 6 4 7 7 6 4.8

H14 
Autophagy/synthesis 
alternation

8 5 8 8 7 9 6 9 7.3

H15 Hormesis then 
delayed resolution

8 6 8 8 8 9 6 9 7.6

H16 Circadian phase 
locking

7 5 6 8 6 9 6 8 6.7

H17 Recovery 
kinetics

8 6 8 9 8 10 8 9 8.0

H18 Organ 
discordance

8 6 7 9 6 10 7 8 7.5

H19 Endothelial 
perfusion

9 7 8 8 8 9 5 9 8.0

H20 Proliferative 
debt

9 4 9 8 5 8 8 7 7.2
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Hypothesis P H B S M R N Q Overall

H21 Host-first 
microbiome

8 4 6 8 6 8 8 8 6.7

H22 Identity-
preserving epigenetic 
repair

6 0 10 2 3 2 9 3 REJECT

H23 Neurovascular–
sleep loop

7 4 7 8 6 9 7 7 6.6

H24 Hysteresis-aware 
controller

8 2 7 9 7 10 9 8 6.9

H25 Reserve after 
washout

9 5 8 10 8 10 8 10 8.2

H26 Constraint 
satisfaction

8 3 8 9 7 10 9 7 7.2



Overall PROJECT 150 LONGEVITY POTENTIAL SCORE

The surviving architecture is scored: plausibility 8, human evidence 3, potential magnitude 8, safety 8  

after exclusions, measurability 8, reversibility 9, novelty 8, and researchability 8. The weighted research-

program  score  is  7.1/10.  Clinical  readiness  is  separately  estimated  at  2.5/10 because  the  defining 

sequential and gating claims have not been tested in humans, no validated state-transition biomarker 

exists, and lifespan evidence is absent.

High scores for H5, H17, H19, and H25 partly reflect that measurement and safety-control concepts can 

be tested reversibly. They should not be mistaken for proof that an active longevity therapy exists.

Top 5 Most Promising Novel Concepts

1. Durable reserve after washout (H25)

Why it survives: it directly addresses the surrogate endpoint problem, is broadly measurable, reversible, 

and can be applied across interventions.  Novel Project 150 element: use post-washout multi-domain 

reserve as the admission criterion for the next cycle.  Near-term test: compare on-treatment and post-

washout responses against later function in existing trials.

2. Clonal-ecology gating (H5 + H20)

Why it survives: human clonal data are unusually strong for geroscience, and the gate reduces rather 

than adds biological exposure.  Novel element: treat clone genotype, size, and growth as a prospective 

interaction and stopping variable for regenerative/immunologic aging studies.  Near-term test: embed 

longitudinal clone tracking in trials without yet using it to make clinical decisions.

3. State-gated temporal multiplexing (H1)

Why it survives: it makes a clean matched-exposure prediction and connects known antagonisms across 

exercise, nutrient sensing, immunity, and regeneration. Novel element: biological completion signals, not 

fixed intermittent calendars, determine phase transition. Near-term test: multi-site animal factorial study.

4. Niche-first regeneration (H4 + H10 + H11 + H19)

Why it survives: it explains why cell-centric repair may fail and integrates vascular, ECM, glycocalyx, and 

mechanobiology. Novel element: regeneration is blocked until a measurable niche-improvement state is 

achieved. Near-term test: old human tissue-chip order-of-operations experiments.
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5. Recovery kinetics as controller input (H17 + H24)

Why it survives: function and recovery are more patient-relevant than clocks and can reveal failed state  

transitions. Novel element: trajectory, overshoot, and hysteresis are modeled explicitly. Near-term test: 

externally validate standardized low-risk perturbation-response panels.

THE PROJECT 150 QUESTION

What measurable biological state tells us that an aged human tissue has completed damage clearance 

and inflammatory resolution—and is safe to enter a regenerative state without expanding malignant 

or premalignant clones?

This is the pivotal unknown because both halves of longevity biology are individually dangerous. More 

maintenance  without  rebuilding  can  produce  frailty;  more  regeneration  without  damage  and  clone 

control can produce cancer or fibrosis. A reliable “transition-ready” state would convert longevity from 

repeated blind perturbation into a constrained control problem. It would also provide a common scientific 

interface among senescence, autophagy, immunology, vascular repair, stem-cell biology, and oncology.

The answer is unlikely to be one biomarker. It will probably require a multiscale signature containing:  

declining  damage-source  flux;  completed  lysosomal/phagocytic  disposal;  tissue-specific  inflammatory 

resolution; preserved pathogen/tumor immune function; stable vascular and organ handling; absence of 

expanding  high-risk  clones;  and  recovered  functional  reserve.  The  signature  must  predict  outcome 

prospectively and outperform simpler clinical measures.

Five research directions addressing the question

1. Human transition atlases. Collect dense longitudinal blood, imaging, function, and—where clinically available—
tissue data around standardized low-risk exercise, vaccination, and indicated surgery. Identify conserved 
versus organ-specific sequences of damage, clearance, resolution, and recovery.

2. Aged human tissue systems. Use donor-derived organoids, immune co-cultures, and perfused tissue chips to 
compare equal exposures delivered simultaneously, in reverse order, and in the Project 150 order; add matrix 
age and clonal genotype as factors.

3. Lineage- and clone-resolved animal studies. In aged, genetically heterogeneous, both-sex, multi-site animals, 
combine barcoding/lineage tracing with infection, wound-healing, cardiovascular, and lifelong cancer 
surveillance.

4. Transition-Readiness Index development. Train a parsimonious model only after assay harmonization; lock it; 
validate externally for phase completion, toxicity, and durable functional response; compare it with standard 
clinical risk and clocks.
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5. Randomized control-policy trials. After measurement validity is established, randomize participants or model 
systems to simultaneous, fixed-sequence, and state-gated policies using initially low-risk, established adaptive 
exposures. The policy—not just a component—must be the randomized unit.

Research Roadmap

Stage Approximate research 
horizon Main deliverable Advancement criterion Stop condition

0. Standards and 
retrospective validation

0–2 years Harmonized measures, 
endpoints, adverse-
event ontology, locked 
recovery models

Reproducible 
measurement and 
incremental prediction

Assays fail reliability or 
add no value beyond 
standard care

1. Human atlases and 
tissue systems

1–3 years Time-resolved 
transition maps and 
order-of-operations 
effects

Conserved, 
independently 
replicated transition 
features

No coherent ordering 
or severe context 
dependence without 
measurable modifiers

2. Multi-site aged-
animal policy test

2–5 years Matched-exposure 
simultaneous vs fixed vs 
gated comparison

Durable multi-organ 
function and 
survival/pathology 
benefit with no safety 
penalty

Tumor, infection, 
frailty, or sex/site-
specific harm negates 
average benefit

3. Prospective shadow 
controller

3–6 years Real-time predictions 
with no intervention 
control

Calibrated phase and 
toxicity prediction in 
independent humans

Model drift, inequity, 
poor calibration, or no 
incremental utility

4. Low-risk human 
strategy trial

4–8 years Randomized policy 
using established 
adaptation/substrate 
interventions

Better post-washout 
function/recovery 
without constraint 
violations

No benefit, worse 
adherence, injury, or 
subgroup harm

5. Component-specific 
phase I/II studies

6–12 years Regulated testing of 
any mechanistic 
component that passed 
preclinical gates

Target engagement 
plus meaningful 
function and long-term 
safety plan

Surrogate-only 
response or safety 
signal

6. Event-driven 
geroscience platform

10+ years Multimorbidity, 
disability, cancer, 
cardiovascular, 
infection, cognition, 
and mortality outcomes

Replicated net clinical 
benefit

Benefit–harm balance 
not favorable or not 
generalizable

Trial-design principles

 compare matched cumulative exposure to isolate the effect of order and gating;
 stratify or model sex, frailty, organ reserve, medication burden, and clonal state prospectively;
 include simultaneous, reverse-order, component-only, and standard-care controls where feasible;
 randomize the strategy and analyze everyone assigned, including those who never pass a gate;
 use blinded outcome assessment even when the schedule cannot be blinded;
 predefine the minimum meaningful change, multiplicity hierarchy, washout logic, and delayed-harm plan;
 require independent replication and publish null, sex-specific, and harmful results;
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 link long-term follow-up to cancer, cardiovascular, infection, disability, and mortality registries where lawful.

What We Know

 Aging is multi-system and coupled; hallmarks interact, and organs age discordantly. [R1, R5, R6]
 Vascular risk, metabolic disease, cardiorespiratory fitness, muscle strength, mobility, sleep disorders, 

smoking/exposure, and standard preventive care materially affect human morbidity and mortality. These are 
not proof of slowed intrinsic aging, but they dominate current actionable evidence. [R67, R68]

 Calorie restriction can improve several cardiometabolic and inflammatory measures in healthy non-obese 
adults over two years, but human lifespan effects are unknown and methylation-clock responses are 
inconsistent. [R8–R10]

 Cellular senescence, autophagy, nutrient sensing, mitochondrial quality control, immune aging, ECM, and clonal 
selection have causal roles in experimental aging and disease models.

 Senescence, inflammation, quiescence, growth suppression, and fibrosis can be protective in the correct 
context; indiscriminate reversal creates trade-offs. [R20, R21]

 CHIP is a clinically meaningful age-related risk state associated with cardiovascular events, mortality, and 
hematologic malignancy, though there is no validated longevity treatment for it. [R25–R29]

 No aging clock is currently validated to direct individual clinical treatment or to substitute for 
healthspan/lifespan outcomes. [R3, R4]

 No human randomized trial has shown extension of maximum lifespan by a geroscience intervention.

What We Think

 A meaningful part of aging may be loss of the ability to complete and exit adaptive states, not damage burden 
alone.

 Timing and order may determine whether a maintenance or regenerative intervention is beneficial, neutral, or 
harmful.

 Clearance capacity, tissue niche, and clonal ecology are plausible bottlenecks that are undermeasured in 
current trials.

 Recovery kinetics and durable function after washout may be better early control variables than static 
biological-age estimates.

 The weakest critical organ or reserve domain may constrain benefit more than average biological age.
 Host barrier and metabolic context may explain a substantial fraction of inconsistent microbiome interventions.
 Cancer-defense constraints should shape the architecture from the beginning, not be appended after efficacy 

optimization.

What We Do Not Know

 whether state-gated sequential control improves human healthspan or lifespan;
 whether clearance, resolution, niche, and regenerative states can be measured noninvasively and reliably in 

specific tissues;
 which aging epigenetic changes are causal, compensatory, or merely historical records;
 whether persistent senescent-cell states can be targeted with adequate specificity in humans;
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 whether safe source control can reduce cytosolic danger signaling without impairing pathogen and tumor 
surveillance;

 how clonal mosaicism outside blood modifies aging interventions;
 whether organ-specific clocks add causal, decision-relevant information beyond standard clinical assessment;
 which recovery probes predict hard outcomes and which merely reflect fitness or device artifacts;
 how cycle length, phase overlap, sex, genetics, frailty, and biological age change the optimal control policy;
 whether a healthspan benefit can be achieved without a late increase in cancer, infection, cardiovascular 

events, or frailty.

PROJECT 150 NEXT EXPERIMENTS

Experiment 1 — Order-of-operations in aged human tissue systems

Question: Does clearance→resolution→niche repair→regeneration outperform reverse and simultaneous 

delivery at equal exposure?

Design: factorial,  blinded-analysis  study  in  aged  donor-derived  organoids/perfused  tissue  chips  with 

immune and matrix compartments. Compare each component alone, simultaneous, Project 150 order, 

reverse order, and sham. Include donor sex, disease, matrix stiffness, and clonal genotype.

Primary endpoints: durable tissue-specific function after washout; cell identity; clone frequency; matrix 

integrity;  infection-response  competence  where  modelable.  Falsifier: no  order  effect  or  increased 

clonal/fibrotic harm in the proposed order.

Experiment 2 — Multi-site aged-animal control-policy trial

Question: Does state gating add benefit beyond intermittency?

Design: aged,  genetically  heterogeneous,  both-sex  animals  randomized  across  at  least  three  sites  to 

simultaneous,  fixed sequential,  state-gated sequential,  reverse-order,  and control  arms with matched 

total component exposure. Use only components with individually established safety in that model.

Primary endpoints: post-washout frailty/function composite, survival, cause-specific pathology, tumors, 

infection response, wound repair, cardiovascular and neurologic pathology.  Falsifier: lack of replicated 

benefit or any material cancer/infection/frailty penalty.

Experiment 3 — Human resilience and transition atlas

Question: Which safe, reproducible signals mark completed adaptation and recovery?

Design: prospective cohort  with standardized submaximal  exercise and meal  probes plus  observation 

around routine vaccination or clinically indicated events. Dense within-person sampling; blinded clinical  

follow-up; standardized devices and laboratories.
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Primary endpoints: reproducibility and predictive value of recovery time constants for later function and 

events, incremental to standard risk factors. Falsifier: poor reliability or no external predictive value.

Experiment 4 — Clonal state as an intervention-effect modifier

Question: Do  clone  genotype,  size,  and  growth  rate  predict  benefit  or  harm  from  inflammatory,  

metabolic, or regenerative exposures?

Design: prospective  sequencing  substudy  embedded  in  existing  regulated  trials  and  cohorts,  with 

prespecified variants,  error correction, longitudinal  sampling,  registry linkage, and a governance plan.  

Initially shadow-mode only: no treatment changes from the result.

Primary  endpoints: interaction  with  cardiovascular  events,  infection,  blood-count  change,  functional 

response,  and  neoplasia.  Falsifier: no  reproducible  treatment-effect  heterogeneity  beyond  age  and 

standard risk.

Experiment 5 — Low-risk randomized strategy trial

Question: Can the control architecture itself be tested in humans without experimental drugs?

Design: older adults randomized to a conventional fixed program versus a state-gated program using 

established,  professionally  supervised  exercise,  recovery,  nutrition,  and  sleep-disease  management 

components  with  equal  intended  total  exposure.  Gating  focuses  on  recovery,  injury,  muscle, 

cardiometabolic, and clinical safety.

Primary endpoints: post-intervention and post-washout functional reserve, adherence, injury, frailty, and 

recovery kinetics; exploratory clocks are secondary. Falsifier: no functional advantage, worse adherence, 

or more adverse events.

Experiment 6 — Transition-Readiness Index validation

Question: Can a parsimonious signature predict safe regenerative readiness?

Design: derive on one dataset only after assay harmonization; lock the model; validate in independent  

tissue, animal, and human cohorts. Benchmark against standard clinical measures and single clocks.

Primary endpoints: calibration, discrimination, net benefit, subgroup performance, and prediction of both 

functional gain and delayed harm. Falsifier: lack of external calibration or no incremental decision value.

Experiment 7 — Niche-first causal test

Question: Does  vascular/ECM/barrier  normalization  change  the  response  to  a  later  regenerative 

stimulus?
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Design: randomized  order-controlled  tissue  and  animal  studies  with  direct  mechanics,  perfusion,  

permeability, lineage, and clonal measurements.

Primary  endpoints: durable  function,  correct  cell  identity,  fibrosis,  structural  safety,  and  tumor 

dissemination. Falsifier: niche change does not mediate outcome or increases structural/oncologic harm.

Experiment 8 — Surrogate audit across geroscience trials

Question: Which  molecular  measures,  if  any,  consistently  track  intervention-induced  changes  in  

meaningful outcomes?

Design: individual-participant-data  consortium  using  preregistered  harmonization,  blinded  clock 

calculation, negative controls, and cross-trial validation.

Primary endpoints: trial-level and individual-level surrogacy, calibration, and failure across mechanisms. 

Falsifier: biomarkers move inconsistently, fail mediation, or do not predict durable function and events.

Decisive  program-level  criterion: Project  150  advances  only  if  order/gating  effects  replicate  under 

matched  exposure,  persist  after  washout,  improve  meaningful  reserve,  and  do  not  increase  cancer, 

infection, cardiovascular, neurologic, or frailty risk. If those conditions are not met, the adaptive-cycle 

hypothesis should be revised or abandoned.
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Closing statement

Project 150 v1.0 does not identify a clinically usable anti-aging therapy. It identifies a disciplined way to  

ask  a  harder  question:  can  we  restore  the  sequence  and  completion  of  biological  work without 

weakening  the  defenses  that  make  long  life  possible?  The  theory  is  worth  pursuing  only  because  it 

generates experiments that can prove it wrong.
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