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A.I. execs like to dream 



Dario’s vision



“Compressed 21st century” is vague



In theory, a self-improving virtuous cycle



Example: OpenAI designing Yamanaka factors



Synthesizing prior work?



Synthesizing prior work? (they say no)



An example you 
can actually use: 

BindCraft



BindCraft: less hype, more details



BindCraft: new collective capability unlocked



BindCraft: new collective capability unlocked

…how much could it have accelerated previous 
cancer therapy breakthroughs?



Cancer immunotherapy



Short history of cancer immunotherapy

20th century

Dark Age of 
radiation and 

chemotherapy
2010s - now

150+ immunotherapy 
approvals

1850s - 1890s 
Infection & fever => 
tumor regression?

1893
Coley’s Toxins 

(complete response in 
~10% of sarcomas)



Immunotherapy vs. chemotherapy

Nivolumab in Previously 
Untreated Melanoma… 

(Robert NEJM 2015)



How do cytotoxic T-cells recognize 
their targets?● Cells present peptide 

fragments of their 

protein contents 

bound to MHC-I

● CD8+ T-cells selected 

in thymus to recognize 

non-self

● CD8+ T-cells “licensed” 

to kill by APCs, 

integrating innate 

danger signals
Lost in the crowd: identifying targetable MHC class 
I neoepitopes for cancer immunotherapy

Using Global Analysis to Extend the Accuracy 
and Precision of Binding Measurements with T 
cell Receptors and Their Peptide/MHC Ligands



Meet the checkpoints

CTLA-4
PD-1



It took ~30 years to “develop” 
checkpoint blockade

1992
PD1 

discovered

2014
aPD1 approval



…then 10+ years to figure out when 
to use it (>150 approvals so far)



…but only took ~3 months to 
discover aCTLA-4 antibody (ipi)



PD-1 and CTLA-4 work, which other 
targets would AI have chosen? 



PD-1 and CTLA-4 work, which other 
targets would AI have chosen? 

Oops!



Fine, not CD28, what else?



Fine, not CD28, what else?

Hundreds 
of trials 
later, pretty 
much only 
CTLA-4, 
PD-1/PDL1 
work



Summary (so far)
● Scientific discoveries take decades to unspool into validated therapies

● “Binders on demand” is cool but doesn’t fix the rate-limiting steps

● Unclear if AI systems would escape the trap of chasing targets similar to ones 

already known to work

○ e.g. both PD-1 & PDL-1 are safe but only CTLA-4 (not CD28) is safe 

○ “non-canonical” checkpoint trials (e.g. OX40/OX40L) have almost all failed 



Personalized cancer 
immunotherapy



Sci-Fi vision to ⌘F-Delete the 
cancer● Profile patient and their cancer

● Discover tumor-specific cellular targets

● Design novel therapy to “⌘F-Delete” 

cancer cells while sparing healthy cells

● Synthesize therapeutic on demand

● Administer to patient



We already do this: therapeutic 
neoantigen-targeting vaccines



The Pitch for “neoantigens”
● No overlap with normal 

tissue!

○ Safe

○ Immunogenic

● …but unlikely to be 

shared between patients

Getting Personal with Neoantigen-Based Therapeutic Cancer Vaccines



Example neoantigen vaccine pipeline
● Tumor + normal exome seq 

○ Somatic variant calling

● Tumor RNA 

○ Phase co-expressed variants

○ Mutant protein sequence

○ Quantify mut. allele expression

● Rank by expression and MHC-I affinity 

● Select manufacturable peptides

● www.github.com/openvax/

http://www.github.com/openvax/


Do neoantigen vaccines 
actually work?



Peptides + poly-ICLC @ DFCI (2017)

● 6 (stage III & IV) melanoma patients

● Up to 20 mutated peptides per vaccine 

● Adjuvant: Poly-ICLC



Does it work? (2017 DFCI melanoma trial)

Of six vaccinated patients, four had no recurrence 
at 25 months after vaccination, while two with 
recurrent disease were subsequently treated with 
anti-PD-1 (anti-programmed cell death-1) therapy 
and experienced complete tumour regression, with 
expansion of the repertoire of neoantigen-specific T 
cells. 



…kinda? Some (mostly CD4+) T-cell responses



Does it work? mRNA vaccine edition
● ~20% mutations had ex vivo CD4+ responses

● ~25% mutations had CD8+ responses after in 

vitro stimulation (i.e. no ex vivo response)



Does it work? Startup valuation edition



Problem #0: neoantigen field 
all look under the same 

street light



Personalized RNA mutanome vaccines mobilize 
poly-specific therapeutic immunity against cancer

BioNTech (Sahin, …, Türeci 2017)

● Tumor/normal WES

● SNVs only



An immunogenic 
personal neoantigen 
vaccine for patients 

with melanoma

DFCI (Ott, …, Wu 2017)

● Tumor/normal WES

● SNVs and small indels

○ Mutect

○ Indelocator

○ Strelka



Key Parameters of Tumor Epitope Immunogenicity Revealed Through a Consortium Approach Improve Neoantigen Prediction

TESLA (Wells, …, Defranoux 2020)

● Tumor/normal WES

○ Variant calling: SNVs and small indels

● Tumor mRNA-seq

● Task: prioritize variants, some T-cell response validation



Cell therapy: LJI’s 
Identify-Prioritize-Validate (IPV)



OpenVax (Mount Sinai)

● SNVs & small indels 

● Inputs:

○ Tumor & normal exome 

○ RNA-seq

● Outputs:

○ Vaccine peptides w/ 

multiple predicted 

neoantigens

● Special features: variant 

phasing & some splice variants



Problem #1: predicted 
targets aren’t really on the 

tumor



Targeted mass spec of patient tumor



Problem #2: most existing 
vaccine platforms are weak



Example of 
success: CD8+ 
T-cell responses 
to live 
attenuated YFV 
vaccine

The Yellow Fever Virus Vaccine Induces a Broad and Polyfunctional Human
Memory CD8+ T Cell Response



Strongest ex vivo CD8+ T-cell response to 
neoantigen vaccination I could find…

Individualized, heterologous chimpanzee adenovirus and self-amplifying mRNA neoantigen 
vaccine for advanced metastatic solid tumors: phase 1 trial interim results

● Gritstone Bio’s 

GRANITE trial 

(NCT03639714)
○ Microsatellite stable 

colorectal cancer

● Prime: ChAd68

● Boost: self-amplifying 

mRNA

● …with both anti-PD-1 
and anti-CTLA-4



The FDA loves poly-ICLC as a personalized 
vaccine adjuvant 



OISTER: vaccine bake-off at PIRL

Unpublished / PIRL / Figure created by Jess Alley



Attempted solution #1: 
TCR-T cell therapy against 

neoantigens



PACT Pharma Neoantigen Personalized TCR-T



Single chain 
peptide-MHC 

trimers for 
TCR 

Discovery



TCRs in the tumor!



But…



And then…



Attempted solution #2: 
TCR-T cell therapy against 

recurrent cancer testis 
antigens



Cancer/testis antigens



Get rid of informatic uncertainty: target 
recurrent validated epitopes across samples



TCR-T against a CTA 
epitope (MAGE-A4)



And another TCR-T success! 
(targeting NY-ESO-1)



But…



Attempted solution #3: 
soluble TCR bispecific 

against recurrent cancer 
testis antigens



Idea: T-cell glue instead of CAR-T



T-cell 
engagers: 
alternative 
to CAR-T 
(easier to 

make, 
slightly less 

effective)



Twist: what about TCR instead of  scFV?



Kinda works? (targeting NY-ESO-1)



Challenge: can you make TCR TCEs 
personalized?

● Cell therapy manufacturing is 

horrible

● Recombinant protein manufacturing 

is better but still too slow / finicky 

for personalized therapies

● …what about mRNA encoding of 
soluble T-cell engagers? 



There’s a precedent: BNT142 
mRNA encoded bispecific T-cell engager



Putting the pieces together
● Select CTA derived pMHCs based on tumor CTA 

expression

○ Use pMHCs which are recurrent in public mass spec 

data

● Discover autologous TCRs from patients using PACT 

process

○ Single chain peptide-MHC-B2M trimers used to pull 

down reactive T-cell clones

● Encode CTA recognizing TCRs as part of a personalized 

therapeutic 

● Synthesize as mRNA -> administer IV



What’s good model cancer to start with?
Want a cancer with:

● Homogeneous biology / oncogenic event

● Consistently high expression of CTAs

● No good standard of care



NUT carcinoma



CTA expression in NUT carcinoma



We see lots of PRAME pMHCs with MS



Sanity check: does a PRAME TCE work?



Therapies we’re investigating for CTA targets



Another possible antigen category: viruses!



Summary
● We can already find very confident 

tumor-specific pMHC targets on 

5-10% of cancers

○ Strong regulatory precedent for 

fully personalized 

immunotherapies

○ Personalized TCR discovery 

already works

○ Proof of concept mRNA TCE safe 

● AI role: TCR generation x cross 
reactivity prediction



Fin



Extra



Question: what’s the antigen?
If disinhibiting CD8+ T-cells causes them to preferentially kill cancer cells, what 

MHC presented antigens are responsible for cancer recognition? 

● Shared antigens

○ Tumor associated antigens: over-expressed proteins in cancer

○ Cancer-testis antigens: genes specific to reproductive cells which are 

never expressed in normal tissue but may occur in cancer

● “Neo”-antigens

○ Non-self proteins whose tumor specificity is assured from genomically 

templated mutations

● Misc: splice variants, post-translational modifications, &c (...cellular chaos!)



Can we target tumor antigens directly?
Flavors of antigen-specific therapies targeting MHC presented T-cell epitopes: 

● Therapeutic vaccination

○ Inject antigen (+ adjuvant) to generate anti-tumor T-cell response in vivo 

● Cell therapies

○ TCR-T: Engineer  TCR which recognizes tumor antigen into patient T-cells 

ETC (endogenous T-cell therapy): Antigen-specific ex vivo expansion of 

patient T-cells → infuse

● Dendritic cell vaccination

○ Perform first step of vaccine (getting antigenic peptides loaded on antigen 

presenting cells) ex vivo; infuse APCs (hybrid between vaccine and cell therapy)



Shared antigen vaccines unsuccessful

Cancer immunotherapy: moving beyond current vaccines 



Personalized cancer 
immunotherapy 



“Traditional” personalized medicine

https://en.wikipedia.org/wiki/Personalized_medicine



Neoantigen vaccines: extremely 
personalized medicine



A personal neoantigen vaccine, NEO-PV-01, with anti-PD1 induces broad de novo anti-tumor immunity in patients with metastatic 
melanoma, NSCLC, and bladder cancer

Neon (Ott, …, Srinivasan 2020) 
● Tumor/normal WES

● Variant calling: SNVs and small indels

○ VarDict

○ Strelka

○ Mutect2

○ VarScan2

○ Atlas Indel2

○ Seurat

○ Platypus



Cell therapy: NCI’s Rosenberg lab 
● Preliminary screening of 

“all” coding mutations 

using tandem minigenes

○ WES

○ SNVs + small indels

● Identify specific reactive 

neoantigens using 

peptides


