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WHAT THE PAPER SAYS - WHAT IT DOESN'T - WHY IT MATTERS

Model kan yo fere gbogbo ilana 0j0-ogbo ti n
tesiwaju karo. Somatic mutations si pari thought
experiment naa

Model ndc ko so pé éniyan 1é gbé dé 194 odiin. O di background mortality mg ipele ojg-ori 30, 6 yo fere
gbogbo progressive aging mechanism miiran kiiro, 6 st béére igba ti mutation-driven cell loss ninii modeled
tissues mérin yoo fa failure. Awon némba ild ré Jé conditional outputs, ki i se reachable ages tabi treatment

forecasts.
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awose kan yo fere gbogbo ilana 0j0-ogbd ti nn tesiwaju kuro.
Awon iyipada jini somatic si pari idanwo ind-rond naa

Foju ind wo ara éniyan kan nibi ti fere gbogbo ilana 0jé-ogbé ti a mo ddadda ti dawd dird. Awon isan ¢j¢ ko i
bajé diedi¢ m¢. Awon prétini ko fi paddnu diddra won 16polopo. Iredodo, jejere ati awon ikuna miiran t6 ni i se
peld 0jd-ori ko po si i bi 9j¢-ori se i po. Ko si ¢ya ara ti a fi ¢ya tuntun répo, ko si si itoju ti fi fa ikéjopo iyipada
DNA nint seeli lora.

Ki ni y60 kdko kuna 1¢yin nda?

Iwadii awose konputa tuntun kan darapd awon ila iwaldaye olugbé ti a se peld isird peld awon afowdse konpita
ti seeli loss ti mutation i fa nint asopd mérin. O finni ni iddhuin té da 16ri awon ipo kan: pipadanu seeli diedie
l¢yin somatic mutations t6 lewu ¢ di kokoé idena nigba kan, padpad nint opolo ati okan. Iyipada jini somatic jé

iyipada DNA ti seeli kan nind ara gba nigba igbési-ayé. A ko jogiin un nipas¢ eyin tabi sperm, opolopo ird change
bée si ki 1 pa seeli tabi fa aisan.

Abajade awose t6 rorun ju lati fa yo ni médidnu igba iye ti awose fin 1dadrin 146 si 194 odin, da lori bi a se gba
iktina nind asopo mérin laaye lati ni ibasepo si ara won. Stugbon &yi ki 1 se isird afojisun ti bi eéniyan se 1¢& pé té
l6nii. Ki 1 se predicted esi ti itoju kan. Ko si éniyan, eranko tabi itoju idéna 0j¢-ogbé ti a dan wo.

No¢mba nda jé ti ayé kan ti a mOdmo se € ldiseése. Lildye ayé yen gan-an ni abajade nda.

The large lifespan numbers begin inside an impossible world

Each removal is a model assumption, not a medical step.

o Present-day e Remove No rescue o Freeze other ° Model four
body other aging no transplant death risk cell types
many mutations e = . Swiss age-30 brain, heart,
interacting remain mutation-reducing hazard liver, airway
ways to age ST held forever

no person, animal or anti-aging intervention was the output cannot be read as a treatment
tested forecast

Original diagram - The Clean Paper - CC BY 4.0

awose naa yo fere gbogbo ilana 0jo-ogbd ti n tésiwaju kurod ki 6 to béere ohun ti mutation-driven seeli loss yoo
se. Eyi jé t6 da 16ri awon ipo awodse world, ki i se itoju plan.
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THE CLEAN PAPER aging biology
Koko da awujo kan ti 6 fer¢ ma dagba

Awon onkowé bere peli ewu ikd ddta lati Switzerland. Won di annual ewu of death m¢ ipele ti a won ni ayika
0j6-ori 30, won si jé ki ewu kékeré yen dird bakannda titi 14élaé. Nind igbési-ayé gidi, ewu iku 11 gokeé gan-an
peld 0j¢-ori. Nind ipele ibere yii, ko ri bée.

Paapaa awujo ti a mu rorun yii si i padant eniyan si abéle ewu iki: gbogbo idi ikd t6 wa nita mutation ilana
ti awose nda i se. Sugbdn nitori ewu nda ko p0 si i rdrd, isiro nda gun dé awon akoko t6 sajeji. Médidnu awose
remaining lifespan jé 1,759 odin. Ak6ko ti éniyan kan soso yo6o ku ldaye nind gbogbo 100,000 ti awiijo ibere dé

ni 29,221 oddn.

Ko si okan nint awon ndmba méjeeji té jé iso nipa ¢dd alaaye. Won fi ohun ti 6 sel¢ han nigba ti low annual ewu
ti ibere igba agba ba j¢é extrapolated 14ini opin.

iwé iwadii nda lo orisiirisii “clock” ti a ko gb6do darapo:

- Médianu ti a sakiyesi nini Swiss reference awuijo re¢ jé 79 odun.

Observed eniyan longevity akosile ti iwé iwadii nda 1o jé 122 odun.

- Médianu awose ni akoko ti idaji awljo afowdse ti ku.

- Maximum ti iwé iwadii nda se awose ki i se eni t6 1e dagba ju lo. O jé akoko ti iwaldaye ba subii si 0.001%,
tabi eni kan t6 ye nind gbogbo 100,000 t6 bere.

Three clocks that must not be merged

Observed lifespan and modeled survival markers answer different questions.

OBSERVED MEDIAN MODELED MEDIAN MODELED TAIL MARKER
79 years half of the Swiss 156 years four tissues assumed 470 years survival falls to one
reference cohort had died mutually independent person in 100,000

THE 470-YEAR VALUE IS NOT

* an observed record age * apredicted oldest person * ahard biological ceiling

S

Original diagram - The Clean Paper - CC BY 4.0

Observed lifespan, modeled median ati modeled one-in-100,000 iwalaaye marker n dahun ibéerée t6 yato.
Marker 470 odun ki i se predicted akosileé age tabi hard biological ceiling.
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Kil6 dé ti a fi pe eni kan té yé nini 100,000 ni “maximum"?

Afowose konputa pelu ila iwaldaye té dan 1é ma dé odo gangan. Nitori nda, awon onkOwé yan ipin awon
té ye t6 kéré gan-an, 0.001%, gégé bi ibi ipari is¢. O j¢ ki a 1¢ fi awose runs té yatd wé ara won ni Ona to
dur6 sinsin. Ko timo si pé biology ni odi kan ni gjé-ori yen, ko si mo eni t6 Ie dagba ju lo.

Awon seeli ti ko le ropo ara won rorun ni won koko di koko
idena

awose t6 telé fi mutation-driven seeli loss kun un. A ka mutation si lethal nikan nigba ti 6 ba essential genetic ohun
¢lo t6 t6 lati mu seeli kan ma sisé mo. Iseese ti eyi yoo sele ko daja, awose ni won fi se e dipo ki a won flin gbogbo
seeli.

Awon onkowé koko wo awuijo méji ti post-mitotic seeli: mature seeli ti a ki 1 ropo déédéé nipase pinpin. Apeere

won ni cortical neurons ati cardiomyocytes, awon muscle seeli ti i j¢é ki okan contract.

Nigba ti a fi neuron loss kin frozen abéle ewu, modeled awlijo dé median 194 ¢din ati one-in-100,000 marker
ni 557 odin. P¢li cardiomyocyte loss, awon iye naa jé 208 odin ati 868 odin. Organ-only median ikuina times,

ki a t6 fi abéle ewu ik kin un, jé nnkan bi 198 ati 212 oddn.

Awon output wonyi ko fi han pé opolo gidi tabi okan gidi ni aago kika séyin kan. Wén so pé nindi awose yii, nigba
ti a ba ti yo fere gbogbo progressive isoro miiran kiro, pipadant seeli nint populations ti irdpo won kéré déédéé

1 di pataki 16polopd sddja constant abéle ewu funra r¢.

3 / N\ /Z N\ O N\ N\
Iropo yi isiro pada
Asop(f) ti seeli ré 1 pin hiiwa Igna t6 yatd nitori a 1e ropo seeli ti a padant.

Fun liver seeli laisi se atiléyin fin lati progenitor awujo, modeled median ikuna ¢ya ara akoko jé 37,664 odin.
Sugbdn 1€yin ti a fi frozen abéleé ewu kin un, awljo median subu pada si 1,755 odin, té sin mé non-aging ipele
ibe¢re. Mutation-driven liver iklina sel¢ pé té bée ti abéle ik fi jé olori koko.

Nigba ti awose nda fin liver ni progenitor awuijo t6 I¢ tin kin seeli, ko si simulated liver kankan t6 dé ikuna
threshold nind 100,000-year window. Eyi ki i se &dd aldikd. O jé right-censored ési: akiyesi pari ki modeled
ikuna to sele.

Respiratory basal seeli, ti i ran 10w¢ 14ti tin kin awo int ona aféfé, dé modeled ikuna ¢ya ara median 4,359 odiin
ati organ-only one-in-100,000 marker 7,617 odiin. Léyin ti a fi abéle ewu ikd kin un, median jé nnkan bi 1,755
odun, tail marker si jé 7,132 oduan.

Awon egbertn odin wonyi ki 1 se asotéle nipa ¢doford tabi liver. Tissues gidi ni inflammation, fibrosis, vascular

damage, jejere, infection ati ibdsepd pelu ¢ya ara miiran ti stripped-down awose yii ko ni.
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Replacement changes the model's failure time

Organ-only clocks are kept separate from population survival after background mortality.

LARGELY NON-DIVIDING CELLS REPLENISHING CELL POPULATIONS
Cortical neurons Liver without progenitor support

population median 194 years organ-only median 37,664 years

tail marker 557 years Airway basal cells

Heart muscle cells organ-only median 4,359 years

population median 208 years replacement and replicative capacity delay failure

tail marker 868 years
lost mature cells are not routinely replaced

SIMULATION-WINDOW BOUNDARY
* With progenitor support, no modeled liver failed within 100,000 years: right-censored, not immortal.

Original diagram - The Clean Paper - CC BY 4.0

Awon seeli ti ko fi béé divide ati replenishing asopd dahun si modeled seeli loss I6na té yatd. Organ-only iklina
times wa 10t0 si awujo iwalaaye léyin ti a fi abéleé ewu iku kun un.

The Clean Paper CC BY 4.0

Awon modeled asopo mérin 1 funni ni 156 odun nikan 1abé
ominira

Awon onkowé I€yin nda darapd neurons, cardiomyocytes, hepatocytes ati respiratory basal seeli. A se asoju ara
gégé bi reliability eto: bi apd kan ti a nilo ba kuna, modeled ¢dd nda kuna. Frozen age-30 abél¢ ewu si wa nibe.

Lati darapo asop0 awose mérin nda, awon onkowé se body nda gégé bi series eto: modeled ¢dd ye niwon igba ti
gbogbo asopo apa ti a nilo si 1 sisé. Labé mutual ominira, mimo igba ti asop® kan kuna ko ni yi ikuina iseese ti
omiran pada, nitori nda a I¢ multiply iwaldaye probabilities mérin nda. P¢la assumption yii, médidnu igba iye ti
awose fin jé 156 odin. One-in-100,000 marker jé 470 odin.

Independence rorun fin isiro, sugbdn ¢ya ara ki i se machines ti ko ni ibdsepd. Wén pin ipese ¢j¢, inflammation,

homonu, isan ara ati wahala gbogbo ara. Failure nind okan I¢ yi ipo nind omiran pada.

Lati fi ipa ti ibdsepo ti a ko mo 1e ni han, awon onkowé se isird Frechet bounds: mathematical outer aala 16ri
combined iwaldaye curve nigba ti a mo iwaldaye curve fiin apa kookan stgboén a ko mo ibasepd won. Median aala
ti 6 jade jé 146 si 194 odin. One-in-100,000 aala jé 210 si 557 odin.

Awon 22l wonyi ki i se ighékelé intervals yi asotélé kan kd. Upper value naa ba perfectly aligned ikiina times mu.
Pelud apa té ju méji lo, lower Frechet bound 1¢ méa b4 joint apeere kankan t6 seé dé mu rara. Awon bounds néa fi


https://en.wikipedia.org/wiki/Fr%C3%A9chet_inequalities
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iye ti answer 1¢ yi pada han nigba ti awdse mo awon parts sugbdn ko mo bi ikiina won se 1l ba ara won 1o.

One model, two survival thresholds

Threshold-matched reconstruction of final-paper Figure 3b
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Smooth curves interpolate reported thresholds; they are not raw simulation output.
Bounds are not confidence intervals or forecasts.

Teal curve ni four-asopo ési labé dminira. Amber envelope so threshold-matched reconstructions ti
mathematical ibasepd bounds po, nigba ti rust curve funni ni normal-aging reference iweé iwadii naa. Nitori final
orisun curve data ko tii té jade, smooth lines naa interpolate reported 50% ati 0.001% crossings; won ki i se
rerun simulation nda. Awon bounds jé mathematical 3413, ki i se igbékélé intervals tabi forecasts.

Original chart - The Clean Paper; thresholds from Efimov et al., npj Aging (2026), Figure 3b CC BY 4.0
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One reference case, two different uncertainties

Dependence and parameter sensitivity are not the same calculation.

INDEPENDENCE DEPENDENCE BOUNDS PARAMETER SENSITIVITY
four organ-failure times assumed same component curves; unknown 300 sampled parameter sets;

mutually independent joint failure pattern uncertain chance that one mutation
median 156 years median 146-194 years kills a cell

tail marker 470 years tail marker 210-557 years some organ clocks can shift by one

or two orders of magnitude

WHAT THESE RANGES ARE NOT
* Frechet bounds are mathematical outer limits, not * none of the values is a forecast of reachable human
confidence intervals lifespan

Original diagram - The Clean Paper - CC BY 4.0

Independence esi jé reference oran kan. Dependence bounds jé mathematical outer aala, 300 akéjopo paramita
si fi uncertainty miiran han ninu bi a se ro pé mutation maa n pa seeli léekookan to.

The Clean Paper CC BY 4.0

Ki ni dependence bound?

Ka so pé apa mérin kookan ni iseese ti a mo pé 6 si1i sisé€ ni akoko kan, sugbdn a ko mo béyd won maa i kuna
po. Frechet bounds 1i finni ni widest mathematically allowed aala fiin combined &si laiyan ibdsepo apeere
kan pat6. Won jé guardrails yi missing information ka, ki 1 se asise bars lati repeated eniyan observations.

Iseese ti mutation kan yoo0 pa seeli j€ uncertainty nla

awose ohun iwolé kan nira gan-an: iseese ti mutation tuntun kan y60o jé lethal si seeli.

Supplement naa tin itipale se koja 300 akojopo paramita. Fun single-letter mutations ati short insertions tabi
deletions méjeeji, assumed iseese pé mutation kan y6o pa seeli ni common lower bound 1.94 x 10°-7. Cell-specific
aala oke jé 2.25 x 10”-4 fin neurons, 1.08 x 10*-4 fin cardiomyocytes, 1.02 x 10”-4 fin hepatocytes, 1.60 x 10/-
4 ftn liver progenitor seeli ati 1.77 x 10"-4 fin airway basal seeli. A apeere awon values naa ni ominira 16ri

logarithmic scale, nitori nda wén le ya si ara won ni orders of magnitude dipo ogorun kékeré kan.

Yiyi awon uncertain inputs wonyi pada mu di¢ lara asopo-failure ages yi pada ni factor ninkan bi 10 si 100. Sibe,
gbogbo parameter set ti a ddn wo pa broad ordering kan nda m¢: non-dividing asopd di mutation-limited sdaja
replenishing asopd. Ordering t6 diré sinsin yii se atileyin fin ifiwéra 1aadrin asopo types, sugbon ko so lifespan

isiro afojisun wo gan-an ni 6 t.
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Sensitivity itdpale A ddhun pé, “Sé conclusion néa si diré nigba ti uncertain inputs ba yi?” Ko si ohun iwolé value

wo ni 6 jé otitd han.

awose naa yo biology ti yoo saba dé koko kuro

Scenario nda ni seeli populations mérin nikan. O ka lethal mutations si independent cell-level is¢le, 6 si se asoju
organ ikuina peli awujo thresholds ti a yan. O yo sublethal dysfunction kiro, nibi ti seeli kan ti y¢ sugbdn ko sisé
ddadda. O yo expansion ti damaged clones ti i ségun healthy seeli kiro. O mi ibdsep0 14adrin ¢ya ara rorun ju ti

gidi lo.

Cancer naa ni a fi si ¢gb¢. awose nda ro pé immune surveillance fi yo malignant transformations kiro, nitori naa

jejere ko po si i peld 9j¢-ori. Progressive inflammatory, endocrine, vascular ati neural feedbacks ko si.

Isoro counterfactual té jinle si i tin wa. A isird afojisun mutation rates 14ti gidi asopo nind gidi aging bodies.
Stuigbdn awose nda 1€yin nda fi rates wonyi sint ara kan nibi ti oxidative stress ati progressive aging ilana miiran ti
yo kuro. Ko si awlijo kankan nibi ti a ti 1¢ validate combined premise yen taara.

Fifi awon omitted ways to fail kiin un 1¢ mua proposed upper bound dé sddji nikan. Ko ni jé ki reported ages rorun

si ilati dé.

/Z N\ / N\ / / Z \ 7/ / / \ 7/ /
Ohun ti awon ndmba 1la naa jé fun ni tootod
Ti a bd ka 4 lo siwdju, iwé iwddii nda da bi eni pé 6 i lo 14ti 1,759 odun si 156. Ti a bd ka 4 séyin, ete re¢ mé si i.
Baseline 1,759-year nda jé absurd ni imO¢mo. O da ayé kan sil¢ nibi ti 9j¢-ori ko ti Al po si Opd ewu m¢. Mutation-
driven loss ninti modeled opolo ati heart I€yin nda fa ayé yen pada si aala kan ti 6 si koja observed eéniyan iwaldaye

stugbon t6 kéré gan-an ju artificial ipele ibere lo.

Gap yen se atileyin fiin idea t6 din: somatic mutation accumulation I¢ si jé meaningful constraint paapaa bi opo
progressive aging ilana miiran ba paré. Ko fidi r¢ mul¢ pé mutations ni single cause of aging. Ko so pé pipa
mutations run y6o mu reported ages wa. Iwadii nda ko awose intervention kan, bée ni ko awose harms ati tradeoffs

ti yiyl mutation rates pada.

N

Iye exercise yii ki 1 se iléri igbési-ayé t6 gun ju. O jé ona lati béere iru ikina wo ni 6 si ku 1éyin ti a ba yo awon

t6 han kedere kiro.

2 pd / / pd
Akotan t6 mo
Iwadii yif lo demographic ati asopo-reliability awdse lati béere bi mutation-driven seeli loss se 1¢ fi aala si lifespan
nind counterfactual world kan nibi ti a ti yo fere gbogbo progressive aging ilana miiran kiro. Background ewu ika
ni a di mé contemporary Swiss age-30 ipele titi 14é14é. Awon modeled seeli populations mérin nikan ni a darapd,
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ko si si transplantation tabi mutation-reducing intervention ti a gba laaye. Ldbé Ominira assumption, awose nda
finni ni median lifespan 156 oddn ati one-in-100,000 iwaldaye marker 470 odtin. Nigba ti awon onkowé gba
gbogbo mathematically seé se relationship ldadrin asopo ikuina laaye, outer aala gboord awon iye nda si 146-194
ati 210-557 odtin. Neurons ati heart-muscle seeli di bottlenecks sddji modeled liver ati airway populations. Wonyi
jé t6 da 16ri awon ipo simulation outputs, ki 1 se observed eniyan aala, itoju forecasts tabi &ri pé eniyan le gbé dé

0j6-ori wonyi.

Ayewd No-BS

Ohun ti iwé iwadii fi han: Nind awose ti a modmo yo 0pd biology kird, mutation-driven loss nini largely non-
dividing seeli di koké idéna pataki sdaju frozen low background-death ewu. Exact outputs da lori organ awose,

ibdsepo assumptions ati lethal-mutation parameters.

Ohun ti 6 wilo sughon té da lori awon ipo: Integrated median jé 156 oddn 14bé mutual ominira. Peld apa
curves kan nda stugbon ibasepo ti a ko mo, mathematical outer bounds finni ni 146-194 odin. One-in-100,000

marker awose nda jé 470 odin lab¢é oOminira ati 210-557 kojd awon bounds.

Ohun ti ko fi han: P¢ éniyan le gbé dé 194 tabi 557 odiin; pé awon ¢j¢-ori yen j¢é hard biological aala; pé somatic
mutations ni nikan cause of aging; pé itoju kan 1¢ yo gbogbo aging ilana miiran kuro; tabi pé didin mutations ku

y60 mui modeled &si nda sele.

Awon aala pataki: Cell populations mérin diré fin gbogbo ara; abéle ewu ikt di mé 0j¢-ori 30 titi 14él4¢; jejere
ati progressive aging ona isé miiran ni a yo kiro nipas¢ assumption; organ ibasep jé simplified; mutation rates
wa lati gidi aging asop9; ikuina thresholds ati lethal probabilities pipo jé awose choices; central counterfactual nda
ko si se€ dan wo nind equivalent éniyan awljo.

Igbékanlé méloo ni olika gbogbogho ye ki 6 ni? Igbokanlé giga pé reported numbers telé stated awdse ati
parameter choices. Igbékanlé adrin nind qualitative contrast ldadrin non-dividing ati replenishing asopd 1abé
assumptions wonyi. Igbékanlé kékeré gan-an pé akolé age kankan 1 so reachable &niyan lifespan tél2.

Awon orisun

Efimov et al., Somatic mutations impose an entropic upper bound on human lifespan, npj Aging (2026), article
in press
https://doi.org/10.1038/s41514-026-00421-6

Computational Aging Lab, model and analysis code
https://github.com/ComputationalAginglab/somatic-mutations-simulation
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