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Background: motivation

(9 min)



Top causes of 
death in 1900 

vs. now

not primarily 
caused

by aging
(at that time)

1900: half of top 10 not age-related,
including the top 3 (all infectious)

now: 9 of top 10 age-related (suicide dropping to #11),
with many major infectious diseases largely eliminated
This talk is about doing the same to aging: largely eliminating it.



antiquity: mystical disease explanations & made up theories (eg “bad humors”)

pre-modern: germ theory, microscopes, chemistry

modern: therapies created by scientific research that discovers how symptoms relate 
to disease-specific biology/chemistry, for which interventions are developed

With a few exceptions, medicine reactively treats diseases after they start (& even in 
cases where medicine is preventative (vaccines, statins), most treatments are specific to 1 disease)

Scientific understanding often proceeds backwards along causal chains:

Simplified capsule history of medicine

obvious 
diseaseZ

causes
Z

causes
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The geroscience hypothesis paradigm
Backward causal science eventually found shared causes of multiple diseases

(too many people in 
the general population 

still unaware of this!)

interfering with any of 
these can help 

mitigate multiple 
age-related diseases

The “Geroscience
Hypothesis”              (the north star of the field, but often forgotten even in the field)

Growing evidence for several decades now,
but only recently (late 2010s) did an aging biotech industry really get going.



Huge funding misallocation Geroscience motivations

Philanthropic:
aging gets small %;
cancer gets 10x+how 

society 
allocates 
R&D $

govt: aging <1% of NIH; cancer gets 10x venture: aging ~5%,  cancer gets ~7.5x

what 
causes bad 
diseases & 

deaths

Aging causes 90% of 
deaths in developed 
countries,
70%+ globally, 
>100,000 deaths/day
(=33 Sept 11 attacks/day,
1-2 Covid pandemics /yr or
WW2 every 2-2.5yrs)

Now that it’s clear we can interfere with aging itself, it makes clear a:

societal 1yr delay in 
aging worth $38 trillion
(Scott et al, 2021)



Huge funding 
misallocation

NIH gives only $1/year per American to 
basic aging research

Aging research gets 80x less per death 
than cancer research gets



Common objections 
rebutted

Previous slides covered motivations.

There are also objections to the field, 
but these also have good rebuttals.

New preprint & upcoming book chapter:

Most comprehensive/scholarly rebuttals review.

https://zenodo.org/records/18883009


Just a few example details:
Overpopulation is unlikely:
70→∞ lifespan change would only raise population by the 
same amount as a 10% fertility rise.
Fertility naturally declines with economic growth.
#kids/family dropped >50% since 1970s.
Half of humanity now lives in countries with fertility rates <2.

Even expensive therapies won’t only be for the rich:
Lifetime 65+ Medicare + support services ~$600-700k in 2055.

Govt saves money by subsidizing therapies where needed.
(Social security roughly doubles the numbers.)

Long-lived dictators don’t pass the cancer analogy:
No one advocates ending cancer R&D to kill dictators.

Low job turnover fails the reversal test:
In a world without aging where low job turnover is a problem, 
creating a pathology that slowly degenerates & tortures 
everyone for decades before inevitably killing them is a much 
worse solution than others, e.g.: simple forced job turnover.

[See the chapter coming Sep’26 (or preprint) for references.]



Aging is the pathology
Longevity is the side effect of treatment

A focus on mitigating aging pathology avoids hand-wringing about lifespan vs. healthspan. 

See here for 
more on this

Longevity medicine isn’t about getting more of something. It’s about treating a pathology.

https://x.com/KarlPfleger/status/2016197058232045969
https://x.com/KarlPfleger/status/2016197058232045969


Field Status,
especially the late clinical stage pipeline

(10 min)



AgingBiotech.info: everything important in the field

academia biotech clinic

focus

~300 companies + ~200 partial listings

Scope is effectively 
things that embody the 
geroscience hypothesis 
(as primary focus)

http://agingbiotech.info


Then steady growth & 
clinical progress for 5 years, 
but not yet exponential

Aging biotech started in 
earnest late 2010s…

(as of 
2024 Nov)

Data from AgingBiotech.info.

Not shown but happening: conferences increasing, journal impacts increasing, media coverage, etc.

http://agingbiotech.info


Poll:
How long do you think it until aging is largely eliminated 

as a cause of death & driver of chronic disease?



The next 
5-10yrs 
look 
exciting

(as of 2025 Nov)

This omits:
supplements,
diagnostics,
veterinary, &
trials from companies not aging focused
(so underestimates)

increasing
uncertainty

14 companies, 
14 ongoing 

phase 3 trials 5 companies, 
6 approved 
therapies

(5 by FDA)

2 companies, 
2 successful 

ph3 trials
(1 appr likely)

[List of approvals & ph3 trials]

https://docs.google.com/spreadsheets/d/1w5DAAmlH18HOc9GPnlpZqacK6RUU3rDJKQc3A-AQWso/edit?gid=0#gid=0


Ph.3 trials MoAs generalize
• 3 approved: ATTR treatments (5 if also including from non-aging companies)
• 1 approved (3 inc. Asia) + 4 trials: stem cells (most allogeneic)
• 1 (accelerated) approved + 1 trial: mitochondria MoAs (cardiolipin, ND4)
• 1 met ph3 endpoint (but approval delayed) + 1 trial: anti-myostatin mAb
• 1 met ph3 endpoint (but switching indications): MAS receptor (affects mTOR & AMPK)
• 3 trials: FGF21 mimetic
• 1 trial: NLRP3 (inflammation: IL‑1β & IL‑18)
• 1 trial: ISR—integrated stress response (proteostasis)
• 1 trial: PGRN—progranulin
• 1 trial: GPR6

These should all be relevant for diverse age-related diseases, embody the geroscience hypothesis.
This is quite different from most of prior biopharma.



Ph3 trials: AgingBiotech.info/trials top row link

http://agingbiotech.info/trials


ATTR approvals
• At least 5 approvals in recent years

(inc. by Alnylam & Eidos/BridgeBio)

• ATTR affects many areas with aging
• Thought to kill majority of 110+yo’s
• Treatment may extend maximum human lifespan
• Classic misfolded protein pathology, but important outside the brain
• Increasingly thought underdiagnosed; increasing evidence in younger seniors 
• More details (X thread)
• Why isn’t this discussed more in the field?

https://x.com/KarlPfleger/status/1889001506512490500


Stem cell approvals
• stem cells no longer only a wild west of iffy clinics & medical tourism
• 1st mass-producible, off-the-shelf (allogeneic) HSC tx FDA approved 2023
• 1st mass-producible, off-the-shelf MSC tx FDA approved 2024 (Mesoblast)
• 1st MSC any-country-approval 2012! (Korea: 30k+ treated. Good 5-7yr followup. 

First disease modifying OA tx! Japan ph3 met all endpoints & approval expected. 
US ph3 started mid-2026.)

• HSCs + MSCs covers a large fraction of human cells
• Narrow indications but many more in trials
• More details (X thread)
• Why isn’t this discussed more in the field?

Minor 2026 update: Japan conditionally approved allogeneic iPSC dopaminergic tx for Parkinson’s & cardiomyocyte tx for 
heart failure. Mostly these are approvals for real world pivotal data trial, but they are based early on safety+efficacy trial data.

https://x.com/KarlPfleger/status/1897003655137734963


4 more successful phase 3 trials
Stealth Bio: cardiolipin mitochondria peptide elamipretide aka SS-31 got 
accelerated approval for Barth (2025) & in 2 other phase 3s (dAMD, nPMM)

Scholar Rock: anti-myostatin mAb apitegromab ph3 met primary endpoint for SMA 
(approval delayed: manufacturing issue at Novo run plant); in ph1 for 2nd indication

Biophytis’s MAS receptor drug met primary ph3 endpoint for Covid but company 
pursuing new ph3 for sarcopenia before trying for approval

(as noted) Medipost’s Cartistem MSCs for knee OA met all ph3 primary & 2ndary 
endpoints (in Japan; already approved in Korea & ph3 in US just started)



Aggregate pipeline outlook summary
• 6 approvals so far & expect 10 more within a few years, then steady trickle
• Label expansion possible after approvals (how long is a big question)
• All lower bounds since this is only aging-focused biotechs (others have 

additional assets, eg GLP-1s, other ATTR drugs)

• Uncertainty 5+yr out (current pre-clinicals, esp. w/ growing # new companies)
• Big extra upside & downside surprise uncertainty:

• Regulatory/funding changes speed trials/research (A4LI proposals: 
multi-disease designation & disease-burden-based R&D funding)

• Staff cuts slow FDA or NIH cuts dry up early research feeding pipeline?

• Clinical implications: Likely will be a long time where quality of off-label 
prescribing, knowing who needs what MoAs (& how to dose), matters a lot.



Why this is important summary
1. One of the things that will help trigger a public opinion sea change & funding
2. When funding rises, it’s expansion of this pipeline that will embody progress
3. If $ don’t go 10x, this that will continue to make steady progress anyway 

(slower than if funding goes 10x, but still better than the sick-care model)

Surprising this isn’t discussed more (esp. relative to some stuff that is):
• Different from rapa, metformin, SGLT2, D+Q, supplements in being on-patent 

so there are financial incentives to run large trials
• Different from GLP-1s in that mostly MoAs likely effective even absent obesity
• Bryan Johnson fully expects to live many more decades but mostly discusses 

what he uses that’s avail now & AI but not what’s coming soon in biotech.
• Most Peter Attia clients will live 2+ decades but he discusses mostly available 

lifestyle, supplements, & drugs & ignores what’s coming soon in the pipeline.



Paths to eliminating aging:
the different longevity fields

(12 min)



divide-and-conquer 
rejuvenation

whole-body replacement
(brain transplants)

+ brain rejuvenation or
incremental replacement

broadly 
slowing aging

(more distant cousin)

(dominant
subfield)

(pursued but not much 
recognized)

parts of aging
addressed: most/all     primarily 1 specific sub-pathology most/all

effect size on affected
sub-pathologies: small (slow small %)     up to a total fix (yrs of reversion, repeatable) total fix

targets are: processes     stable structures stable structures

dosing: continual     infrequently intermittent infreq. intermittent

See The 2 Longevity 
Fields for more details.

or 3

https://substack.com/home/post/p-194989761
https://substack.com/home/post/p-194989761


Part vs. whole
&

How much is the goal?

Many different views of the field. See What counts as a longevity drug.
Some aging therapies may not extend lifespans by themselves.
That doesn’t mean they don’t embody the geroscience paradigm.
Monotherapy lifespan extension isn’t a litmus test for the whole field.
All aging sub-pathologies eventually need therapies. Covering more of them is a 
type of progress of the field. The field should start measuring progress this way!

Aging vs. longevity
or

geroscience hypothesis vs. lifespan extension

https://karlpfleger.substack.com/p/what-counts-as-a-longevity-drug


(stable 
structure)

(process)

(broadly slowing aging)
(divide-and-conquer 

rejuvenation)

Damage Repair

Processes vs. stable structures

(Elaboration of a common SENS 
diagram from Aubrey de Grey.)



Aging can be divided into ~ 7–15 
separable sub-pathologies

No universal consensus on the best 
breakdown (eg, Hallmarks vs. SENS)

But many of them are widely agreed on.

See table or AgingBiotech.info/categories 
for the best simple mapping I’m aware of.

See de Grey (2023) for the most direct 
published compare/contrast.

http://agingbiotech.info/categories
https://journals.sagepub.com/doi/abs/10.1089/rej.2023.0057


How big is the problem of addressing 
all aspects of aging?

The next few slides give a quick sense by showing the 
aggregate clinical pipeline (including earlier stages) for just the 
divide-and-conquer rejuvenation portion of the field.



Majority of the field focuses on processes & slowing aging

ITP Top 10
for lifespan extension:
All primarily target
process, not stable
structure.

1. Rapamycin: ~26/23% (F/M)
2. Acarbose: ~22/5% (M/F)
3. 17-α-estradiol: ~19% (M)
4. 16α-hydroxyestriol: ~15% (M)
5. Canagliflozin: ~14% (M)
6. Astaxanthin: ~12% (M)
7. NDGA: ~12% (M)
8. Halofuginone: ~9% (M)
9. Mitoglitazone: ~9% (M)

10. Aspirin &
11. Meclizine (Tie): ~8% (M)

Nir Barzilai & co. top 12 ranking:
All but 1 target process.

{

{}

Stable structure targets 
are (inadvertently?) 
de-emphasized.



Stable structural aging subpathology subcategories & why important (related diseases)



Aggregate 
pipeline

Much progress, but many holes 
(subproblems unaddressed yet) & 
many of these programs will fail.

[programs of aging focused 
biotechs only; not exhaustive]

We don’t yet know how beneficial 
combinations of many of these will be.

phase: pre 1  2  3  approvedcompany/program

aging 
subpathology

subpathology 
subcategory



Aggregate 
pipeline:
my portfolio

phase: pre 1  2  3  approved



• Pet life extension? (most of society owns or know those who do)
• GLP-1 drugs? (high use + financial & celebrity press)
• Presbyopia tx? (no more reading glasses, nearly everyone ~45+)
• Skin rejuvenation? (visible; senolytic & reprogramming biotechs pursuing) 
• Robust mouse results (eg RMR by LEVF)?
• Big healthspan trials (eg TAME)?
• Whole body / brain transplants?
• Prizes (eg X-Prize)?
• Aging  biomarkers (eg age clocks as common as step counts)?
• Social movements (eg Vitalism)?
• Petitions/declarations (eg Dublin Longevity Declaration)?
• Consistent public education (eg Lifespan.io/LRI)?
• Biohackers, podcasters, & social media influencers (eg Bryan Johnson)?
• Entertainer & celebrity engagement & education (eg ALSAE)?
• Multiple new on-patent treatments for core aging pathologies label expanding or 

being prescribed off-label for diverse aging diseases?

Anything is on the path if it helps trigger a sea change of 
public awareness, support, & funding, but which will help?

As a table with more details, see:
AgingBiotech.info/convincers

(includes slow 
aging approaches)

http://agingbiotech.info/convincers


Broadly slowing aging vs. divide-and-conquer rejuvenation: tradeoffs
• Industrialized societies suffer high prevalence of lifestyle-mediated age 

acceleration (from poor diet, inactivity, sleep deprivation…; & resulting obesity)
• Lifestyle makes a 10-20 year difference in human lifespan (sources & analysis)
• Broadly slowing aging has breadth so yields immediate effects on healthspan, 

especially by mitigating the lifestyle-based age acceleration (most pharma $ drawn to this!)

• But existing data suggest that the tradeoff for slow aging approaches having 
benefits against most aging subpathologiest is not coming close to totally 
eliminating any & having limited additive effects, so limited long-term total 
effect sizes (eg, <50% healthspan/lifespan extension in mice, small % in humans)

• Divide-and-conquer rejuvenation is the default path to fully eliminating aging 
pathology in the long run, and it can deliver full elimination of some 
subpathologies in the short-term, with beneficial effects vs. multiple diseases

• With subpathology-specific biomarkers, trials need lower n to show efficacy
• Individual therapies don’t broadly rescue common lifestyle age acceleration 

(but a program of many will, & go further esp. as it approaches comprehensiveness)

https://x.com/KarlPfleger/status/1705371021409472654


To my knowledge this is the first ever broad assessment of the clinical translational 
status of the divide-and-conquer approach to rejuvenation or fully eliminating aging 
(such assessment has only become possible in the past ~5yrs).

Prior SENS Research Foundation status summaries from many years ago were from a 
time before many companies had even spun out to directly address stable structural 
aging subpathologies & from when all were still far from starting clinical trials.

A lot of this you won’t hear in most discussion of the aging/longevity field because 
there’s no little incentive in academia or biotech to combine the work of others. So right 
now, combining therapies is left to only the very last step: clinical medical practice, with 
no systematic study of how total effectiveness scales with # of therapies or category.

Incentives lacking for combination work



These slides: https://tinyurl.com/AgingPipeline26 or QR:

Poll:
What would you like to hear more about in Q&A?

https://tinyurl.com/AgingPipeline26


Take-homes to remember
• Before the mid-1800s, eliminating top killer infectious diseases seemed fanciful

• Therapies targeting core aging areas are making it to phase 3 and to approvals

• Aging research receives 80x less US government funding per death than cancer

• Broadly slowing aging & divide-&-conquer rejuvenation are different subfields
• Divide-&-conquer progress is happening but must be judged by effective coverage (not 1-intervention lifespan)

• We don’t yet know how good aging therapies will be in combination

Questions?
These slides: https://tinyurl.com/AgingPipeline26 or QR:

https://tinyurl.com/AgingPipeline26






Aggregate 
pipeline:
(squished from a 
traditional bar 
chart into a table)

template, 
i.e. scope of 
the problem
(at least,
not exhaustive)



We need more 
investors focused 
on this, especially 
attacking it 
comprehensively.

Aggregate 
pipeline:

my 
investment 
portfolio



Aggregate 
pipeline:

aging 
focused 
biotechs, 
phase 1 on

(no veterinary or 
supplements,
misses programs 
in companies not 
aging focused, 
but some of 
these will fail)



Aggregate 
pipeline:

aging 
focused 
biotechs, 
inc. preclin

Not exhaustive, 
problems or 
therapies.

We have no idea 
how beneficial 
combinations of 
many of these 
will be.



Aggregate 
pipeline:

diagnostics
(poor 
coverage)



Additional dimensions for the ‘divide’ of 
divide-and-conqeuer…



The whole body: compartment/organ & tissue-type/cell-type



Species: humans, mice, dogs

mice:
• LEVF trying combos
• no one is capturing biotech preclinical therapy data nor are the research-grade 

treatments companies create on the way to IND broadly usable by others
dogs:

• now a handful of companies not just 1
• but most using broad slow-aging approaches
• not enough stable structural rejuvenation therapies yet for dogs for meaningful 

aggregate pipeline



Example companies (just in my portfolio) where focus/programs altered by the huge 
gravitational pull of money in obesity & metabolism:

• Immunis
• Juvena
• Oisin
• Junevity
• Gordian

• (also Bioage—not in my portfolio but almost was & its founding was the 
inspiration for my own investing start)

Many more examples outside my portfolio.

Not so much a criticism of these companies—great if they can capture some of this money for the overall field, 
but still a lament of the phenomenon’s consequence of drawing resources away from the other main subfield.

Ironically, things with small effect size (obesity, metabolism) 
attract huge $$$ distorting company incentives & programs


