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The large lifespan numbers begin inside an impossible world

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

o Present-day ° 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 LEatnent held forever

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

S 1

1 THE 470-YEAR VALUE IS NOT 1

1

1

!+ anobserved record age * apredicted oldest person * ahard biological ceiling
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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

4
:
i * With progenitor support, no modeled liver failed within 100,000 years: right-censored, not immortal.
1
1
1
1
1
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One model, two survival thresholds

Threshold-matched reconstruction of final-paper Figure 3b

1001 == Normal aging
=== |ndependence
Dependence bounds
)
S 751
©
2
> .
S Median threshold (50%)
| e T R
©
Q
(]
S
s 254
0 T T
0 500 600
One survivor per 100,000 (0.001%)
Dependence bounds: 210-557
® ()
Normal aging: 107 Independence: 470
0 100 200 300 400 500 600

Years
Smooth curves interpolate reported thresholds; they are not raw simulation output.
Bounds are not confidence intervals or forecasts.
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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

i

1

p © Frechet bounds are mathematical outer limits, not * none of the values is a forecast of reachable human
! confidence intervals lifespan
1
1
1

___________________________________________________________________________________

Original diagram - The Clean Paper - CC BY 4.0

©003MY30090emM00L dgwggo bmmme ghm Logbmoomm dgdmbgggol Ho®mdmomggbl.
©03M3009079gdol Lo¥wgmgoo domygdoEoay®o godg m0doBgoos, Bamm 300 Jo®odgHdYmo
6630900 ©6doBJO0m ZoYM3393:mM0sl 6h39bg0L 0dodo, MY Medgboo HAoMowos ©od3zg0Ywmo,
0md 39HoE0o PYrOIL 3mogl.

The Clean Paper CC BY 4.0

0 000L 6IM30009x0xgool Lobwgzomo?

Po®dmowgobgom mmbo 3mddmbgbEo, mommgyml dmEgdygmm ©malL dYdomool
308Mdgmgool 36m000 demdsmMMOs 0Jdgl, dogmod o6 g30Eom, hggnmgomog gOmow©
dodbogos oy oMo. Fréchet-ob LoBmgmgoo ggodmggl goghmosbgoyemo dgwgaol
9439mobg RoMmmm JomgdoBHoznmdo® bgdoeMmye ©00ddoBMbL 3MbzMgdE o
©00dM300909mgool dmEgmol o®mhg3z0L gomgdg. gl ozoMaymo 0bym®doigool
©033030 LobmgMgons o oMo gobdgm®dmgoomo o®sdooby®do ©s330039090000b
dowgogmo dggomdol Ymemgoo.

@IBHOYM0 3PYHOBOOL dE0SMMOS POWO FoYM3ZIZL:
90m-90Om0 dMEgeol d9do30e0 30ModgEH™Mo 3oblLozgmmgdom MMYM0s: SEM0oMMOs, MMAJ
obomo dYPHo0o PYxrMIoLmzgol mgEomm Mo 0dbgodo.

063039000 Jobowgodo obomoBo 300 3oMedgHMYmo bozMgoom bgmobmo HoFo®wo.
OMgm®E3 gohmo 693mgmEool 33emomgogoobmgol, 0bg dmzgmg Holids-0dmdmgdobmgol,



©009M900L doMEM™Z0d

060390960 0000000l Loghmm Jzgoo BmgeMo, MmA ghmo dYFHoE0d YRMIOL 3emogl,
ogm 1.94 x 107°-7. 9xcdgool Bod¥g ©odmaogdgmo Ygwoo LoBmghgoo ogm 2.25
x 107-4 bgo®mmbgoolmgol, 1.08 x 107°-4 FoMEomdomzodgoobmgol, 1.02 x 10°-
4 3930%m30Bgoobmgzgol, 1.60 x 107-4 ™zodwmol Hobsdm®ogoo PYxrMggdolmgol
o 1.77 x 107°-4 Lobygbmdo g¥gool 00BomyMo YrM®ggoobmgzgol. 360dz3bgmmdgodo
©6dMY30090M0©, mmagomomndygmm Lzomolg ogm dgdhgymo, odoFmd obobo dgodg
3OMEgbEom 30 oMo, JoLdEedol Modwgbodg Gogom Jgodwmgdmms goblbgeggodymoym.

0d 30903393990 dgdogomo 3o0ModgE™Mgool 33eomgosd mgogmmo Jmgomol do®mibol
oLO30 OOBEMgoom 10-100-gIH ZoooZoms. 8dol doybgogaw, Yzgms godmEEoemo
30M0d9E Mmoo bozmgoo 0dogg odmm M0gommosl 0bo®hYbgdws: oMogedymaon Jumgomgoo
3930309000 9By gmo YRO@ oMy Bogoms, godg dgdzLgoo Jumgomgoo. gL
L0 YMo G0gommdd Jumgzomms H0dgol dmmol JgEe®mgool odmogmgodl, dogmod oM
339906900, LogmEbwol BHLEow MMAgwo dgrelgodss LHmmMo.

dg®mdbmogemmool obomoBo 3obygbmol ombgol: ,®hgos My oMo ©olzgbo dowmodo,
MOMEo 30903393990 30ModgE Moo 033mgos?“ ol oM ow©agbl, Gmdgwmo dgdogowo
dbodgbgmmoos Mgomy®o.

dmgemo demol 00mem™anol, Mmdgemmois hggygmmgodo
QROM 0©Mg 30dmhHbgdoMm©o

bgbo®o dbmwmE Mmob YPYrOIEY 3M3YoEool dmoyoglh. wgdemY® dYHoEogoL
©00dM9Y300909¢ YOI dmgmgbgoowm gobobomoglh o mmgebml domibl dgdhgywmo
3039mo30M0 FYMOmgoom os®fgmdl. godmEmggonmos Ligdmgdomgmo ©obyybdyoo,
MOMEo PYRMY©0 gosmhgbomoos, dogmod 3o dPdomol. godmEmggonmos oB0obgoymo
3mmbgool gogommmgos, MmAmgdoy RobIMmgm YrMggoL 3mban®dgbinodo xmMObOL.
0Maobmmo dm®mol Yo moghmddgogogdo 3odomE03909woos.

30003 8306890 3000©gdYmo. dnEImo 30MoYEmMOL, Mmd 63m30Lgonobo gomMwoddbgoo
03969m0 Ygedbgoggmmoom 0§dobwgos, 0doHmad 3odm sbozmeb ghmow oM 0EMEgdo.

30 mgmeLoMYOo0 sbmgdomo, gbmzm0bymo, Lolbemdommgmgabo o bydgymo Y39303060900
oM oMLYOMOL.

0d 90O m ©Mdo 3MbFHORIHPo™YM0 3OMOgdoEos. 39HoE0oL LobJomggoo dgxobgoygmos
bodwgoem JLmgomgddo, bodgzom sdgMgdo® LBYYwgddo. dgdngg dmwgmmo od LohJomggoL
0mo3bgoL Lbgymdo, Lowoyg MJbowoog®o LHMgLo o Lbgso 3Mmamglo®mgoe®o odgMgool
3MEgLbgoo dMIm®goPmos. oM oMLYOMOL d3mM3YEoE0s, Mmdgwmdoy od 3mdodoboMgdyemo
Hobodommool doMmodomo dgdmfdgos dgbodmgdgmo 0dbgome.

dodEbol godm@Emggogmo 3¥g00lL ©odoEgos dgdmmogotgogm Bgwe Bwgzgo®dl dbmmmeo
9RO@ oMy dMoEebos. ol godmdzgybgogw dbozgdodwyg dobgmael Yadm do®dE 03l oM
30bEoo.

10



©009M900L doMEM™Z0d

Lobodwgomgdo MobmgoLos gb oo Mogbgzgoo

09 63O ™AL H0b0oob Hogozombogm, momdmb 1,759 Hemowob 156-dwg hodmwob. oy Y300
303939000, dobo doBobo Y3gm Hobl.

1,759-fem00b0 LodoBobm Lzgbo®Mo gobBEmeb o0l YMEYMos. 0l Jabol Lodgo®ml, Lowoy
oLo30 9d9E gL Mob3L o@o® EMOL. d9dga dmgmomgoye BH30bLo o gyemdo dYEHoE0go0om
303dMP3990 YRrOIOMO o30Ma30 93 Lodgo®MmL vO0MYbYOL 0s3dBMBAT0, MMAgmoE XYM
300093 09300 LEYOd 33003909 66d00by®d Logmybmgl, dogMmod Bgwmmgby®
booeBolm Lzgbo®Bg oBOEYOOM OOSTNO0O.

gL Lbgomoo dbo®db 939mL g30HMm 00gol: Lemdod o 3930900l oghmggos dgodwmgos
3308 db0dgbgmmgobo dg¥mygmgs 0ymlb dodobog 3o, oy 0g3®mo Lbgo 3Mmgmdglodgdswo
©009M900L 3OMEgLlo god®mgos. gb 06 03B 303goL, MmMA IYHOE0J00 09O JO0L gOHMOIMHMO
do¥g%0o. o3 0doL 0d0mMoOL, GMI dYHoE0gool dmpomgds godmdzgybgdgm sLezgol
dma33gdL. 33mg3ze oM@ 06EgM396E0oL JmEgmomgol o ody IgEoroolb LobhJo®ol
39330L Booblo o 3d3dmmdolgob.

0d Loge®RIML VoMY gds Y30 YMILo LogmEbmol edomgds oM o®moL. ol ggodmmggl
Lodgomgool 3oz0mbmm, Mo {Hodob dodEbgoo MHgos, BME 0dz30Mo domibgdo dmdmmgoymoo.

Lyxmo dgxredgoo

0d 339300 ©gdMzMoRoYmo o Jumgzowol Loodgommool dmogmo godmoygbs odol
dgbodmpdgomom, Mmagm® dgodmgds IYEOE0900m odMPzgmds YRrOIOMO ©oZoMa35d
Logmbmol bobg®™dmogmos dgmygoml 3mbEmgyoddyocgm Lodgommdo, Looi momddol
93906 Lbge 30mmgmglo®goomo @s0g®mgool 3OmEgLbo 00dmabgmomos. @mbyg®mo Lozgzwomoobmods
LodyodmE gongobo mobodgommgg d3g030M00L 30 Hemol obozob EmMbgyYg. goghmosboo
dbmmmE mmbo dMEyEo®mJoYmo PYROIYL0 3M3IYLSE0S OO 0MOE BMObLIMbEO300 ©o
063 39BoE00b d930d30Mgogmo Homgzs 0gm 3390w 0. EdMY30©JOMI0L ©od3g00m
dmgmds 156-Fmoobo dg00bg®mo Logmbmg ©o 470-Hmoobo gom-gdmo-100,000-do
30000MhHgbol b0dbymo doowm. MMEgLey ©3H™™Mgdds Jumgommo do®dibgdl Jmmol
bgoobdogmo domgdodozygmow dgbodmm Yhmoghmmods ©oydzgl, godg Lobwgmgods gb
d603d3bgemm0ogo0o 146-194 ©o 210-557 Homodwg googodmmgs. bgodmbgdo ©o gywol
396000 9xM9Eg00 YO oMY Fobws Jg¥wYogs, oMy InEIoMIdgwo ©3odwoby
©o Lolybmdo 3¥gool Pr®ggdo. gb oMol d0MMo0mo Lodymopool d9w9ag00 o oMo
003300390990 608300069 M0 0300, 339MboEMO0l 3BMabmBgdo ob dEZ013gdYwgde,
™d 000d00bg0L 03 0Lo3g00dg Bbmghgds dgydwmosm.

11



©009M900L doMEM™Z0d

dgmodoBgool gomgdg dgdmphdgoo

oL 0hg9bg0L 63O MA0: obIMoH godoMH03g0Ym dmwgedo IYEoE0g00m odmPzgammo
IROIMO 0300330 PYIBHILOE MOZedYny PxM9EIodo 36033bgwmzeb g Pwze©
3030go0m 6EMY 043939, 300MY 3094060 PO0B0 RMbY&®0 Loggomal MoLgo. yLiEo
090093900 ©0dM300090Ym0od MMZobmL dmEgmYg, ©odmznwgoyxmgool ©edgzgogdbs o
®9HomY®0 IPEo300lL 30MedgEH™myosy.

o0 0M0b Lobo®ggomm, 3ogMod 30MMO0MO: MMNBO MMZObML YOM0gOMNEOTMY300g0mMd0oLOL
309MM006g09mo dgooobs 156 fgmoos. 03039 3033mbgbEmo dOywgoom, Jogmod Yibmoo
©0dM30©J0Ymgo0m, domgdoEozy®mo gomMg LoBmgmgdo 146-194 Fgml 0dmwmggs. dmEgmol
9O®-9000-100,000-30 b03bymo sdMY300g0e@ooLol 470 Hgmos ©o Lobwgmgodo 210-

557 Hgemo.

oL oM obhggbgol: MM 053006l 194 ob 557 fmodwpg sbmg®gos Igndwmos; MM gb
ob3g900 d303M0 00MEMZOYMO M0doFJons; ®mA LmdoF®o IYFHOE0JO0 dgMIoolL
9obmoghmo doYglos; Mmd GmMAgmodg dzgmbommosl dggdwmos ©o0gmgool Lbgo
3OmEgLgool dmEomgds; ob ®md dYPEHoE0gool dgdodgds dmEgmomgoyge dgogaL
dma339dL.

003000 3980 Y©3900: Mmmbo YrOIOYO 3M3Ymogos dmge Lbgymlb fomdmowmagbl;
Mby®mo 1L033w0e00bMds 30 Fmol obogol Embylg Lodywedme oGl goyobymo;
3000 o bBge 3Mmamglo®mgos©o ©o0gmgool dgdoboBdgdo ed3zgoomos dmdmmgoymo;
mMzobmmo YOMoghmddgogdgdo godo®mB03gdymos; dgdegool LobhJomggdo Ggomymo
060990000 JbLMg0WgO0EOboY; Mdgbodg do®mEBOL BYVYMOEO O MYEOEYMDO SEI0dMNMOS
dmgmol 0®™hg30b00; O 39bEMOY®O 3MbEOROIHPoYMo Lzgbo®Mol g3gog3omgbHy®d
006300069® 3330000 godmEEo dgdemgogE0o.

0309600 9Yb®o gbML 6d0b FMgowo dzombgzgemo? Jomomo bomds, M™A godmdzgybgogmo
®ob3900 dmEgdymo Imgmols s 3oModgEmgool s®h9306000b6 bodwgzomom godmdwobomgmol.
Bmdogmo bmos 0®ogodymy oo d9dglgd Jumgomgol dmdmal mgobgo®og goblbbgeggosdo

0d ©063390900L QoMZMg0do. dog0sb sdde0 bEmds 0dedo, MMA Mmdgmodg Lomey®dol

oLo30 Mo Yo dowHggo® 0sdnoby®d Logmbemgl 3MmagbmBomgol.

Dgomgoon

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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