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KRAS vaccine da T cell response sile nina 18 lara 20
high-risk participant — ki 1 se proof pé 6 dena
pancreatic cancer

Single-centre phase I trial kan test six-mutation KRAS peptide vaccine ninii éniyan 20 pélii inherited tabi
Jamilial pancreatic-cancer risk ati pancreatic cystic abnormality. Vaccine-related adverse event jé grade 1
tabi 2, participant 18 pade prespecified blood T cell response criterion, small-subset analysis si ri immune
persistence kan titi dé odiin méji. Ko si participant té develop pancreatic cancer ni median 16.5 months,
sigbon study jé open-label, non-randomized, single-arm, a ko si design ré lati test prevention. Vaccine nda
experimental; result wonyi justify larger efficacy trial dipo claim pé cancer ti jé prevented.
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Vaccine nda da immune iddhun sile. Idéna cancer si j€
ibéere ti ko tii dahun

Experimental vaccine kan t6 doji ko mutant form méfa ti 6 wopo ti KRAS, jini ti 6 yi pada nind 0po ju lo
pancreatic cancer, dd measurable T seeli iddhun sil¢ nind eéniyan 18 ldra 20 ti inherited tabi familial ewu arun nda
wa 16ri won. Vaccine-related adverse isele ti a royin nind phase I iwadii yii jé grade 1 tabi 2 16ri CTCAE scale ti
National Cancer Institute: grade 1 sdba timo si mild, grade 2 moderate; scale nda 1i t¢ si grade 3 severe, grade 4
life-threatening ati grade 5 ik t6 ni relation peld adverse isele. Di¢ lara vaccine-induced T seeli clonotype si seé
ri I¢yin odin kan tabi méji. Clonotype jé lineage T seeli ti shared T cell-receptor sequence i d4 mo, nitori nda
topinpin clonotype jé ki olusewadii l¢ béere boya lineage kan nda ti vaccine mu sisé si wa pela akoko.

Awon wonyi jé early esi t6 ni itumo. Wén tin din ju “vaccine kan deéna pancreatic cancer” lo gan-an. iddnwo
naa kéré, single-arm, open-label, 6 si jé designed yi aabo ati immunogenicity k4, ki 1 se cancer incidence. Ko si
olukopa ti 6 ni pancreatic ductal adenocarcinoma (PDAC) ni median follow-up 16.5 months, sigbén peli olukopa

20 ti a yan, ldisi randomized control egb¢ ati follow-up t6 kéré, observation yen ko 1¢ fidi prevention mulg.

Nitori nda kika t6 t¢ ni apd méji: vaccine da bi ohun t6 feasible ati immunogenic t6 lati justify larger idanwo,
nigba ti iseglin anfaani re si jé aimo.

Tan1 wo idanwo naa?

Johns Hopkins phase I idanwo, ti a register gégé bi NCT05013216 Cohort A, enroll éniyan 20 laaarin April 2022
ati February 2026. Participant ki 1 se gbogbogbo screening population. Wén pade o kere ju predefined high-risk
criterion kan ti 6 da 16ri family history tabi germline cancer-predisposition variant — inherited DNA change ti
6 wa kaakiri ara, dipd mutation ti a acquire nind tumour nikan — gbogbo won si ni pancreatic abnormality 16ri

radiography ti a classify gégé bi intraductal papillary mucinous neoplasm (IPMN).

Median age cohort jé 66.5 years. 17 ldra 20 ni first-degree relative peli PDAC, 12 ru germline variant, cyst
pancreas t6 tébi ju si ni median diameter 0.7 centimetre. Participant mésan-an ni cyst ni apa pancreas ju eyo kan

lo.

Selection yen se pataki. iwddii nda béere boyd vaccination jé tolerable ati boyd 6 1¢ train T seeli nind egbé ti a i
monitor, ti ewu r¢ ga ju deede lo. Ko so bi vaccine y60 se sisé ninid eniyan average ewu, nind aldisan ti pancreatic

cancer ti wa tél¢, tabi nint population t6 gbooro t6 si diverse si i: 19 lara 20 olukopa jé White.

Ki nit mKRAS-VAX?

KRAS jé signalling prétini. Mutation t6 jé ki 6 wa switched on jé early driver is¢l¢ nind ju 90% PDAC lg, won
s1 wopo nint pancreatic precursor lesion. mKRAS-VAX jé pooled synthetic long-peptide vaccine t6 bo recurrent
mutation méfa: G12V, G12A, G12R, G12C, G12D ati G13D. Peptide jé chain amino acid, building block prétini;
nibi “long” peptide kookan jé KRAS fragment amino-acid 21 ti mutant site kan wa nind r¢. Pooled timo si pé
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pre-made fragment méfa nda ni a dapo sind off-the-shelf vaccine strategy kan dipo custom-building sequence fin

olukopa kookan.

Participant gba vaccination round mérin ni week 1, 3, 5 ati 13. Round kookan darap0 peptide pool peli immune-
stimulating adjuvant poly-ICLC, wén si fi si ara nipas¢ Opo subcutaneous injection site. Adjuvant jé helper
ingredient té i md immune iddhin si target vaccine lagbéra tabi té si ona kan; poly-ICLC funra r¢ ki i se KRAS
target. Ek6 ti a fé fin immune &td ki 1 se “mo tumour unique eni kan,” sugbén “mo set shared mutant-KRAS

sequence ti 6 1i tin farahan nind pancreatic precancer.”

Planned formulation lo six-mutation, non-personalized pool kan nda ni round kookan; a ko redesign r¢ fin eni tabi
visit kookan. Manufacturing caveat kan wa: G12A peptide ko si nind di¢ ldra dose, iwé iwddii nda si royin pé ko
si significant difference nint G12A iddhun ldadrin olukopa ti 6 gba a ni o kere ju méta of four round ati awon ti a

yo ¢ kiro fan.

Co-primary endpoint iddnwo ni aabo ati iyipada mutant-KR AS-specific T seeli activity nind ¢j¢ laadrin 17 weeks.
iddnwo nda ko powered tabi designed l4ti iddnwo bdyd vaccination din cancer iddnimo arun tabi ikd ku.

Ohun ti aabo ati immune esi fi han

Ko si vaccine-related is¢l¢ t6 ju grade 2 1o ti a rOyin nind olukopa 20 wonyi. Injection-site reaction sel¢ nind 85%,
fatigue nind 70%, chills nind 40% ati flu-like symptom nintd 40%; iwé iwadii naa sapejiwe isele wonyi gégé bi
self-limiting. Eyi jé favourable early 2abd ami, ki 1 se complete 2abod profile. iwadii &niyan 20 ko 1& reliably fi

uncommon tabi delayed harm han.

Lati béere bdya vaccine ti train blood T seeli 1ati mo mutant KRAS, awon olusewadii fi blood seeli ti won gba
sddju ati 1€yin vaccination si peptide méfa, won si lo IFN-gamma ELISpot assay lati ka responding seeli. 18 ldra
20 olukopa pade prespecified immune-responder criterion iwé iwadii, iyen mud po si i t6 ju 2.5-fold nind pooled
iddhun koja KRAS antigen méfa. Median pooled mu po sii jé 18.2-fold, pelt wide aala lati 1.8 si 167.1. Participant
méwaa ni statistically significant iddhun si gbogbo antigen méfa, nigba ti olukopa méji ti ko dé pooled responder
threshold si reacted si selected mutation.
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Participant méwaa ni significant T seeli idahun si gbogbo mutation-specific antigen méfa. Participant méji ti ko
dé separate pooled-response threshold si reacted si mutation kan tabi méji ti a yan.

Original chart — The Clean Paper; counts transcribed from Haldar et al., Cancer Discovery 2026, Figure 1f CC BY 4.0

iddhuin naa ko dgba koja mutation. G12A, G12V ati G12R sdba fun ami t6 tébi ju G12D ati G13D lo. iwadii nda
tdn ri iddhtin koja HLA type t6 yato, ti 6 se atiléyin fin — sugbon ko fi éri mile — idea pé shared peptide pool
Ie sisé 1ai custom-build vaccine fin eni kookan.

“Durable” daro 16ri subset tO kéré si 1

Persistence ¢si iwé iwadii jé gidi, sigbon denominator i din bi follow-up se 1 jin si i.

Participant 16 pada fun optional annual blood collection, olukopa marun-in nikan si ti dé two-year visit ni data
cutoff. Ninu taara ex vivo testing, 3 ldra 16 wonyi pa significant pooled iddhtin mg, 8 si pa significant iddhtin si o
kere ju KRAS antigen kan m¢. Nigba ti olusewadii expand blood seeli peld KRAS peptide nind yara, wn recover
iddhuin nind gbogbo éniyan marun-tn ti a iddnwo ni long-term follow-up. Procedure yen I¢ reveal low-frequency
irdnti seeli, sugbdn ki 1 se ohun kan nda peld measuring large circulating iddhun taara.
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T seeli receptor sequencing 1o jinl¢ si subset t6 kéré si i. Fin G12D ati G12V, egb¢ nda define putative vaccine-
induced clonotype pelu stringent enrichment criterion, wén si topinpin won nint olukopa méta ftin antigen kookan.
Nibi yii, putative timo si inferred lati timing ati selective expansion won léyin mutant-KRAS stimulation, ki 1 se
proof taara pé receptor kookan di KRAS m¢. Median 18.6% ti prime-phase clonotype si reactive ni oditin kan tabi
méji. Eyi se atiléyin fiin persistence di¢ ldra vaccine-linked immune irdnti; ko fi han pé seeli wonyi dé pancreatic

precursor tissue tabi déna lesion 14ti di cancer.

Afiwé cyst jé exploratory, ki i se efficacy esi

Léyin median 16.5 months, ko si olukopa 20 ti 6 develop PDAC tabi high-risk lesion t6 nild surgery. O jé
encouraging lati ri, suigbdn ko t6 14ti interpret gégé bi prevention. idinwo ko ni randomized control arm, cohort

kéré, pancreatic cancer si le gba Opo odun l4ti develop.

Investigator tin se post hoc imaging itipalé nind olukopa 16 ti 6 ni follow-up scan. Cyst kékeré méta da bi eni pé
won resolve, méta miiran si din ki ni o kere ju 2 millimetre. Resulting 37.5% reduction-or-resolution rate ga ju
6.8% ti a ri nind separately assembled unvaccinated surveillance cohort, peli Fisher’s exact p-value 0.01. Fisher’s
exact idanwo 1 fi proportion wé ara won nind small count table; 1abé no-difference awose re, split té yapa t6 yii
tabi t6 yapa si i y60 sele nikan bi 1% ti ak6ko nipa chance. Eyi ko repair post hoc, non-randomized ifiwéra, ko si
yi association si causation. Fin plain-language explanation ti ohun ti p-value I¢ so ati ohun ti ko I& so, wo guide si

kika isegun e&si.

Afiwé yii generate hypothesis; ko establish vaccine efficacy. Allocation ki i se randomized, itdpale jé post hoc,
imaging ko si fin olukopa vaccinated mérin, cyst ti 6 paré si jé ninkan bi 4 millimetre — kéré t6 bé¢ ti measurement
ati imaging variability se pataki. Awon onkowe so kedere pé won ko 1& exclude technical imaging ipa ati pé apeere
ati follow-up kéré ju lati link immune idahun pela cyst stability tabi PDAC incidence. PanIN lesion, precursor té

wopo ju, sdba invisible 16ri routine imaging, a ko si diwon won taara.

Ki ni phase | ati immunogenicity tumo si nibi?

Phase I timo si pé iwddii j¢é early eniyan iddnwo ti 6 doju ko tolerability, feasibility ati biological activity
pataki. Ki i se idinwo stage ti 6 establish prevention.

Immunogenicity timo si pé vaccine fa measurable immune idahun si target ré. T seeli iddhun jé necessary
step fln strategy yii, sugbdn 6 jé surrogate yard idanwo esi, ki i1 se proof pé cancer ewu din ku.
Interception timo si gbigbiyanju lati dena cancer ni high-risk tabi precancerous ipo. Nibi yii 6 jé goal
research programme, ki 1 se esi ti iddnwo yii demonstrate.

Ohun ti eyi ko fi han

- Ko fi han pé mKRAS-VAX déna pancreatic cancer. Ko si efficacy endpoint ti a establish, ko si randomized
control arm, 16.5 months si kikira 1égb¢é natural history PDAC.
- Ko fi han pé “ko si olukopa ti 6 develop PDAC” jé nitori vaccination. P¢li 20 high-risk olukopa, iye
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cancer ti a reti nind interval kdkudrd yii uncertain, 6 si le kéré koda 14isi itoju.

Ko fi han pé vaccine din tabi resolve precancerous cyst. Cyst ifiwéra jé post hoc ati non-randomized, a
fi wé separately assembled surveillance cohort dipdo matched control, follow-up imaging ko si fin vaccinated
olukopa mérin, &si si gbéke 1€ cyst kékeré t6 sun m¢ 4 millimetre nibi ti measurement ati imaging variability
se pataki.

Ko mu eyi di approved vaccine. mnKRAS-VAX si experimental, a si iddnwo r¢ ni centre kan nind narrowly
selected cohort.

Ko establish anfaani fiin average-risk people, alaisan peli active PDAC, tabi gbogbo hereditary-risk
eghé.

Ko fi han pé blood T seeli wo pancreas, mo precursor seeli nind tissue tabi fa cyst change. Separate
window-of-opportunity cohort ni a pinnu lti béere tissue-level ibéere.

Ko settle long-term aabo tabi durability. Rare harm nilo larger cohort, strongest one-to-two-year immune
itapalg si lo small subset ati yard iddnwo expansion.

Bawo ni eri naa se lagbara t6?

Erf naa lagbara déédé fiin narrow phase I conclusion: iwé iwadii royin short-term aabo data fiin cohort olukopa
20, 18 pade prespecified blood-based immune-response criterion, Opo assay type si se atiléyin fin presence ati
persistence mutant-KRAS-reactive T seeli.

Eri weak fiin isegiin anfaani nitori apere ko jé built 1ti isird afojdsiin ré. Success criterion idanwo ni 2abo ati blood
immune-marker change. aabo endpoint doji ko short-term tolerability, nigba ti immunogenicity jé surrogate fin
isegtin anfaani; ko si Okan t6 establish pé cancer ti jé prevented. Aisi PDAC, cyst ifiwéra ati &dé “interception” ye
ki a treat gégé bi reason 14ti se controlled, longer iwaddii — ki 1 se substitute fiin won. iwadii tin jé investigator-
initiated ni single centre, di¢ lara immunologic idanwo si lo olukopa méta si marun-un nikan.

Relevant conflict ye ki 6 han. Qpo donkowé royin filed patent t6 ni relation peld KRAS peptide tabi T seeli receptor,
awon onkowé si royin consulting, research tabi tie miiran peld biotechnology ati pharmaceutical company, pelda
Adventris. Disclosure wonyi ko invalidate measurement, sigbon won mu independent replication ati controlled

efficacy iddnwo se pataki si i.

Idi ti 6 fi se pataki

Pancreatic cancer sdba mda 1 ri p¢é ju fun curative itoju. KRAS mutation wé ni kutukutu, woén si 1i tiin farahan koja
OpO precursor lesion, eyi té d4 target t6 wuni fin “off-the-shelf” immune strategy sddji ki invasive cancer t6 wa.
iddanwo yii koja early hurdle kan: nint small high-risk cohort, peptide pool ko fa severe vaccine-related toxicity, 6
si sdba generate T seeli ami ti a f¢.

Hurdle t6 telé ga pupo si i. Olusewddii ni 14ti fi han pé iddhun dé relevant pancreatic tissue, persist ni lailéwu
way, 0 si yi clinically meaningful &si pada ninu larger, appropriately controlled population. Titi di igba yen, eyi jé
promising immune-engineering esi, ki i se prevention esi.



THE CLEAN PAPER oncology
Akoétan mimo

Single-centre phase I iddnwo kan ftn six-mutation KRAS peptide vaccine si éniyan 20 p¢ld familial tabi germline
pancreatic-cancer ewu ati pancreatic cystic abnormality. Vaccine-related adverse is¢le jé grade 1 tabi 2, olukopa 18
si pade prespecified mutant-KRAS-specific T seeli iddhun criterion. Smaller follow-up itapalg ri persistent iddhtin
tabi putative vaccine-induced clonotype nind di¢ ldra olukopa titi dé odin mé;ji. Ko si olukopa t6 develop PDAC
ni median 16.5 months, sugbdn idanwo j¢ single-arm, non-randomized, a ko si apere r¢ lati iddnwo prevention.
Vaccine naa experimental; iwadii se atiléyin fin larger efficacy idanwo, ki 1 se claim pé pancreatic cancer ti jé

prevented.

ayewo laisi asodun

Ohun ti iwé iwadii naa fi han: Nind selected high-risk olukopa 20, mKRAS-VAX ko ni reported vaccine-related
isele t6 ju grade 2 lo, 6 si generate prespecified blood T seeli iddhun nind 18 lara 20. Di¢ lara immune iddhun ati

putative vaccine-induced clonotype si detectable ni later visit.

Ohun ti 6 11 se ileri sugbon ti a ko tii fidi mile: PE T seeli wonyi e finni ni useful immune surveillance 10di si

pancreatic precursor lesion, ki won si din PDAC incidence ku ni 9jé iwaju.

Ohun ti ko fi han: Prevention pancreatic cancer; isegun efficacy; approval; anfaani nind gbogbogbo population;
tissue-level killing ti precancer seeli; tabi long-term aabo nind large population.

Awon 2ala pataki: Participant 20; single centre; open-label, non-randomized ati single-arm; short median follow-
up; ko si efficacy endpoint; post hoc cyst itipal¢ peld non-randomized comparator; optional long-term visit ati
small immune-analysis subset; measurement pip0 confined si peripheral blood.

Igboya méloé ni oluka ghogbogboo ye ki 6 ni? Igboya aarin pé vaccine jé tolerable ati immunogenic nind small
cohort yii. Igboya kéré gan-an pé 6 déna pancreatic cancer, nitori iwddii yii ko idanwo ibéere yen ni Ona té le da

a 16hun.
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