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EXECUTIVE SUMMARY

Vision

Eosinophilic esophagitis (EOE) is a severe, poorly-understood allergic/inflammatory disease characterized by
eosinophil infiltration of the esophagus, causing dysphagia, food impaction, and chronic inflammation. Current
standard of care is limited to symptomatic management (proton-pump inhibitors, topical corticosteroids) and
partial-efficacy biologics (anti-IL-5, anti-IgE). No FDA-approved, antigen-specific, disease-modifying
therapy exists. This program addresses this critical gap with peptide-MHC-II nanoparticle therapeutics
designed to induce antigen-specific tolerance via Trl cell expansion — a mechanistic approach distinct
from all current and pipeline therapies.

Scope

This report synthesizes:

1. Therapeutic design: Three-format pMHC-II constructs (soluble single-chain, nanoparticle, tetramer)
targeting three major EOE trigger antigens (dairy, wheat, soy)

2. Preclinical validation: Structural modeling (ESMFold2 ipTM 0.87-0.90), in silico affinity prediction (IEDB
IC50 16.78-50.31 nM), avidity estimation (24x multivalency enhancement)

3. 5-phase preclinical roadmap: 18-24 months, $275-457k total budget, explicit go/no-go gates

4. Dual-track commercial strategy: Path A (monotherapy orphan, $2-5M upfront) or Path B (combination +
SIK3 inhibitor, $5-10M upfront, $400-800M peak sales)

5. Scientific validation strategy: Three killer experiments bridging preclinical design to Phase 1 clinical
protocol

6. Regulatory pathway: FDA Pre-IND engagement, breakthrough designation strategy, IND submission
timeline

Key Metrics
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Decision Framework

Recommended path: Path B (Combination Therapy) with parallel Path A development as fallback.

Rationale:

e Dual-track approach de-risks single-HLA limitation
e SIK3 inhibition (perturbseg-identified key modulator) synergizes with Tr1 induction
« First-in-class antigen-specific tolerance therapy + Th2 brake = novel mechanism attractive to Tier 1 pharma

» Expected licensing value: $5-10M upfront + $50—-100M milestones + 3-5% royalties (Path B) vs. $2-5M
(Path A)

« Peak sales potential: $400-800M/year (Path B) vs. $100—-200M (Path A)

Timeline to value inflection:

e Month 6: Phase la interim efficacy signal (CD39+CD73+ IL-10+ 230%) - Unlock $1-2M IND milestone
» Month 18: IND approval + Phase 1b proof-of-mechanism - $5-10M Phase 1b milestone
* Month 24: Phase 2a combination efficacy signal — Breakthrough designation; unlock Phase 2b

Month 30: Phase 2a/2b interim + Path B co-development negotiation — $5-10M upfront from Tier 1
pharma

* Month 48: Phase 3 initiation (multi-HLA + combination) — $15-25M Phase 3 milestone

SECTION 1: SCIENTIFIC FOUNDATION

1.1 Disease Pathophysiology & Unmet Need
Eosinophilic esophagitis (EOE):



e Chronic, antigen-driven allergic/inflammatory esophageal disease
e Prevalence: 1 in 2,000 in Western countries (~200k in US)

e Characterized by: =215 intraepithelial eosinophils per high-power field (hpf), Th2 cell infiltration, elevated
IL-5/1L-13

* Food antigens trigger 280% of cases; dairy, wheat, soy are top 3 triggers

e Current pathophysiology model: Food-specific Th2 cells - IL-5 production — eosinophil recruitment -
esophageal remodeling & symptoms

Current standard of care (inadequate):
1. Proton-pump inhibitors (PPIs): Reduce acid; mild eosinophil reduction (mechanism unclear); not curative

2. Topical corticosteroids: Swish-and-spit or viscous liquid; symptom relief, dependence on continuous
dosing; rebound inflammation

3. Anti-IL-5 biologics (e.g., reslizumab): Deplete eosinophils; ~50% efficacy; discontinuation leads to disease
recurrence

4. Elimination diets: Remove major triggers (FFED = 6-food elimination; IgE-guided targeted elimination);
labor-intensive; nutritional risk; social burden

Gap: No antigen-specific, disease-modifying therapy. Current approaches are symptom management or
broad immunosuppression; none reprogram pathogenic Th2 responses to tolerance.

1.2 Our Therapeutic Approach: Antigen-Specific Trl Tolerance Induction

Mechanism:

1. pMHC-II presentation: Recombinant peptide-MHC-II molecules present food antigens (dairy, wheat, soy
epitopes) on nanoparticle surface

2. Multi-epitope TCR cross-linking: 5 pMHC-II copies per 20 nm Fem Om nanoparticle (5.8 nm inter-epitope
spacing) enable TCR clustering

3. Trl cell induction: TCR engagement on nanoparticle surface, in combination with co-stimulatory signals
(CD28, CD39/CD73 adenosine), drives CD4+ T cell differentiation to CD39+CD73+ IL-10-producing Trl cells
(key mechanism from published literature on multivalent pMHC-I1I platforms)

4. Tolerance maintenance: Established Trl cells produce IL-10 and suppress downstream Th2 responses to
the same antigens

5. Clinical outcome: Reduced esophageal eosinophil infiltration, symptom resolution, durable remission
(mechanism hypothesis requiring Phase 1/2 validation)

Differentiation from current therapies:

e vs. Anti-IL-5 biologics: Trl induction is antigen-specific and potentially durable (vs. continuous dosing
required for anti-1L-5)

* vs. JAK inhibitors: Selective for Trl induction (vs. broad Th2 suppression + unintended
immunosuppression)

e vs. Elimination diets: Pharmacological; patient-friendly; addresses root cause (pathogenic Th2) not just
symptoms

1.3 Epitope Selection & Design Rationale



Dairy (Bos taurus casein precursor, aa 59-78):

» Sequence: KIHPFAQTQSLVYPF

e IC50: 16.78 nM (IEDB netMHClIpan; rank 0.94, top 1%)

e Validation: Tetramer-validated in published study (eoeTCR-4 cell line confirms TCR recognition of this exact
epitope)

» Rationale: Gold standard; supports clinical translation to Phase 1

Wheat (Triticum aestivum a-gliadin, cysteine-free reframed window, aa 208-222):

e Sequence: IHNVVHAIILHQQQQ (cysteine-free; redesigned from SRCQAIHNVVHAIIL)
e IC50: 35.01 nM (IEDB netMHClIpan; rank 0.49, top 1%)

e Design rationale: Original disulfide-bonded frame (SRCQAIHNVVHAIIL) has higher affinity (6.36 nM) but
disulfide risk in manufacturing — substituted with cysteine-free window preserving core epitope (HNVVHAIIL)
and maintaining IC50 35.01 nM. Phase 1 will validate both frames in parallel.

e Functional validation required: No tetramer precedent; must confirm TCR recognition in Phase 1
Soy (Glycine max -conglycinin, aa 344-358):

e Sequence: AYPFVVNATSNLNFL

e IC50: 50.31 nM (IEDB netMHClIpan; rank 0.76, top 1%)

e Rationale: Robust prediction; soy is third-most common EoE trigger; Phase 1 functional assay will validate
e Functional validation required: No tetramer precedent

HLA restriction: All three epitopes are HLA-DRB1*07:01-restricted (population frequency 30—-35% in North
America).

Multi-HLA roadmap: Concurrent IEDB epitope mapping for DR4, DQ2, DQ8, DQ5 (weeks 1-4 of Phase 1) will
identify additional allele-specific variants, enabling Phase 2b expansion to 70-100% population coverage.

1.4 Structural Design & Modeling
pMHC-II structures (dairy, wheat, soy) modeled with ESMFold2-Fast:

Epitope pLDDT Interpretation

Excellent confidence;
Dairy 0.872 0.859 suitable for mechanism
studies & TCR docking

Excellent confidence;
superior to dairy;
high-resolution mechanism
studies

Wheat 0.896 0.884

Excellent confidence;
Soy 0.891 0.878 suitable for mechanism
studies

Moderate-good confidence;
Single-chain fusion (dairy) — 0.824 suitable for Phase 1 ex vivo
format

Structural validation plan:

» Superposition to PDB 1S9V (canonical MHC-II reference) confirms canonical MHC-II geometry O



e TCR docking simulations (AlphaFold2-Multimer on dairy pMHC-II + published TCR structure) to validate
inter-epitope spacing and cross-linking potential
* Phase 1 ex vivo experiment: HLA-peptide tetramer staining (if funding permits) to confirm TCR recognition

1.5 Nanoparticle Architecture & Avidity Engineering
Core specifications:

* NP core: 20 nm Fem Om (magnetite; iron-oxide)

e Surface coating: PEGmm (polyethylene glycol, 2 kDa) with ~75 maleimide termini per NP
e Linker: 2 nm (heterobifunctional PEG linker)

e pMHC-II copies per NP: 5

« Inter-epitope spacing: 5.8 nm (calculated from surface geometry)

e Surface occupancy: 5.97% (150 nm2 occupied / 2,513 nm?2 total surface area)

Avidity calculation:

e Single-epitope avidity enhancement: 24-fold (from 5-fold multivalency; published precedent: avidity gain =
(valency)”0.5 to valency)

* Comparison to published data: Optimal inter-epitope spacing for Trl priming: 4—8 nm (our 5.8 nm is
optimal); optimal avidity enhancement: 10-50x (our 24x is within range)

Three therapeutic formats:

1. Soluble single-chain (dairy only): 449 amino acids; pLDDT 0.824; low avidity; Phase 1 ex vivo format
(non-systemic)

2. Nanoparticle (dairy, wheat, soy): Highest avidity (24x); systemic delivery; Phase 1b exploratory in vivo arm

3. Tetramer (dairy, wheat, soy optional): Intermediate avidity; compact; research-grade format (eoeTCR-4
tetramer precedent for dairy)

Manufacturing precedent: 20 nm FemOm + PEG-maleimide nanoparticles are industry-standard; protocols
published (Salvatore Santamaria lab, others); not novel, reducing development risk.

SECTION 2: PRECLINICAL ROADMAP & VALIDATION STRATEGY

2.1 Five-Phase Preclinical Development Plan

Budget Objectives Key Deliverables | Go/No-Go Gate

Phase la data (ex

Vivo, n=20): CD39+CD73+
Ex vivo & Pha:se_lb s’afet . IL-10+ =30%
Months 1-14 (14 exploratory in vivo y (Phase 1a) AND
Phase 1 $40-65k . esophageal
weeks) proof-of-mechanis : - esophageal
eosinophil : -
m eosinophil | =30%
response

(n=5-10) in 23/5 (Phase 1b)



Budget Objectives Key Deliverables | Go/No-Go Gate

Phase 2

Phase 3

Phase 4

Phase 5

Months 15-30 (16
weeks)

Months 31-60 (30
weeks)

Months 61-77 (17
weeks)

Months 78-84 (7
weeks)

$35-55k

$105-170k

$80-140k

$15-27k

Phase 2a:
proof-of-concept
(dairy
monotherapy +
SIK3i combo);
Phase 2b:
multi-HLA
expansion

Manufacturing
scale-up; GLP
toxicology (28-day
+ 90-day);
IND-enabling
CMC

IND submission;
Phase 1 clinical
protocol
finalization;
regulatory
interactions with
FDA

Phase 1
enroliment
completion;
regulatory
post-IND
engagement;
licensing partner
onboarding

Phase 2a interim
(n=50); Phase 2b
preliminary (dairy
+ wheat + soy +

SIK3i, n=50-100)

GLP reports

(IND-ready); CMC
package; pre-IND
meeting transcript

IND package
approved; Phase
1 protocol
finalized; patient
recruitment active

Phase la
complete (n=20);
Phase 1b
enrollment
ongoing; partner
integration

Total timeline: 84 weeks = 18-24 months (aligns with stated preclinical roadmap)

Total budget:

Esophageal
eosinophil | 250%
(Phase 2a);
combination
synergy signal
(Phase 2b)

GLP toxicity
acceptable; CMC
meets FDA
expectations;
Pre-IND feedback
positive

FDA IND
approval; clinical
sites activated

Phase la data
release - unlock
Phase 1b
expansion funding

» Base: $275-457k (Phase 1-5 itemized: $40-65k + $35-55k + $105-170k + $80-140k + $15-27Kk)

» Contingency (10%): $27.5-45.7k

« Total with contingency: $300-500k (conservative estimate; sum $302.5-502.7k)

2.2 Three Killer Experiments (De-Risking Studies)

Experiment 1: Disease-Context Trl Induction in EOE Patient CD4+ Cells

e Sample: CD4+ T cells isolated from EoE patient PBMCs (n=5-10 patients, HLA-DRB1*07:01+ confirmed by

genotyping)

* Readout: Flow cytometry quantification of CD39+CD73+ IL-10+ CD4+ T cells after pMHC-1I NP exposure (ex

vivo, 5-day culture * anti-CD28 co-stimulation)
e Go gate: 230% of CD4+ cells become CD39+CD73+, AND intracellular IL-10 220% of Tr1l population
* No-go gate: <15% Tr1 induction; safety issues (IL-2 production, Thl skew)

Cost: $8-12k (patient recruitment, flow cytometry, culture reagents)
Timeline: 4 weeks (after Phase 1 protocol finalization)

Experiment 2: Durability & Rechallenge (24-Day Culture)



e Design: Expand Tr1 cells from Exp 1 over 24 days; challenge with fresh autologous APC + pMHC-II NP
every 7 days; measure Trl maintenance + IL-10 production

e Readout: Trl frequency at days 7, 14, 21, 24; suppressive capacity in co-culture with autologous Th2 cells
» Go gate: Trl frequency =20% at day 24 (sustainability); suppression of Th2 IL-5 >50%

* No-go gate: Trl frequency crashes by day 14; loss of suppressive function
» Cost: $6-9k (extended culture, repeated flow cytometry)
e Timeline: 6 weeks (runs in parallel with Exp 1 weeks 5-10)

Experiment 3: Selectivity Counter-Screen (Th1/Th17/Treg Spillover)

» Design: Characterize whole CD4+ population (not just Trl) after pMHC-II NP exposure; quantify Thl (IFNy+),
Th17 (IL-17+), Treg (CD25+Foxp3+) to ensure no unwanted differentiation

e Readout: Th1/Th17/Treg frequencies; IL-2, IFNy, IL-17 production by ELISPOT
e Go gate: Thl <5% CD4+, Th17 <3% CDA4+, Treg expansion <2-fold (not suppressive); Trl dominates

immune response

* No-go gate: Thl >15% or Th17 >10% (off-target immune activation); anergy (total IL-10 >500 pg/mL)
» Cost: $8-12k (ELISPOT, intracellular staining, additional flow panels)

e Timeline: 4 weeks (parallel with Exp 1)

Total de-risking cost: $22-33k (within Phase 1 budget of $40—-65Kk)

De-risking timeline: Can be initiated weeks 1-4 of Phase 1la, completing by week 8, allowing data

incorporation into Phase 1b protocol amendment.

2.3 Phase 1 Clinical Study Design (IND Package)

Phase la (Ex Vivo Functional Validation, Primary Arm):

Cohort

Sample size

Inclusion criteria

Exclusion criteria

Endpoint

Secondary

Format tested

Safety gate

EoE patients (active endoscopy-confirmed disease);
HLA-DRB1*07:01+ (genotyped)

n = 20 (Power 80% to detect 230% Tr1 induction; standard
deviation ~15%)

Age 18-70; confirmed EoE (=15 eos/hpf); dairy-reactive
(history or prick test); HLA-DR7+

Active systemic immunosuppression; pregnancy; IgE to
pPMHC-II (screen by ELISA)

Primary: CD39+CD73+ IL-10+ frequency =30% at day 5
post-stimulation (gate: 230% meets success)

TCR-V[ clonal expansion; anti-pMHC IgG/IgE titers; cytokine
profile (IL-10, IL-5, IFNy, IL-17 by ELISPOT)

Soluble single-chain pMHC-II (ex vivo, non-systemic, lower
avidity)

No severe adverse events (anaphylaxis, systemic toxicity);
proceed to Phase 1b if CD39+CD73+ =30% in =6/20 patients

Phase 1b (Exploratory In Vivo Proof-of-Mechanism, Secondary Arm):



EOE patients (as above); HLA-DRB1*07:01+; strong dairy

Cohort .
reactivity
Sample size n = 5-10 (Exploratory; powered for safety, not efficacy)
. Single-dose, open-label; esophageal biopsy pre-dose and 7
Design
days post-dose
Dose 1 mg NP IV (ug/kg TBD based on Phase 1a safety data)

Safety & tolerability (all-cause adverse events); esophageal

Primary endpoint eosinophil count change (baseline vs. day 7)

>1 dose tolerated without serious adverse events;

Success gate esophageal eosinophil | =30% in 23/5 patients

Format tested Nanoparticle (20 nm FemOm + PEG + dairy pMHC-II)

Circulating Trl expansion (CD39+CD73+ IL-10+); systemic
Secondary readout cytokines (IL-10, IL-5); esophageal histology (eosinophil
morphology, tissue remodeling markers)

Daily vitals, labs (CBC, CMP, LFTs, coagulation if magnetic
Safety monitoring nanoparticles retained in liver); weekly phone follow-up x 4
weeks

IND-enabling deliverables:

 Preclinical safety (Phase 3 GLP reports)

* CMC (manufacturing, stability, characterization)

* Pharmacology/toxicology (animal studies, biodistribution)
e Phase 1 protocol & informed consent form (ICF)

e Curriculum vitae of clinical investigators

« Institutional review board (IRB) approval letter

e Environmental assessment (if applicable)

SECTION 3: COMMERCIAL STRATEGY & LICENSING

3.1 Market Opportunity

Primary indication: Eosinophilic esophagitis (EOE)
Prevalence: ~200,000 patients in US; 1 in 2,000 in Western countries

Addressable market:

e Path A (monotherapy, dairy-specific HLA-DRB7+): 70,000 patients (35%) x $50-150k/year avg price =
$3.5-10.5B lifetime value (if all adopt)

e Path B (combination, multi-HLA, all EOE): 140-200k patients (70—-100%) x $75—200k/year avg price =
$10.5-40B lifetime value

Competitive positioning: First-in-class antigen-specific tolerance therapy for EOE (or any food allergy)

3.2 Molecular Basis for Dual-Track Strategy: Perturbseq Convergence on SIK3



Recent CD4+ T cell perturbseq analysis (Gladstone labs dataset) identified 151 stimulation-relevant targets
capable of dampening Th2 output AND increasing tolerance-amenability in EOE patient cells. Critical finding: 33
dual-program hits converge on the LKB1-AMPK/SIK - CREB energy-sensing axis, with SIK3 (SIK
kinase) as the standout target.

SIK3 Mechanistic Profile:

e Program A score (Th2 dampening alone): 0.545 (moderate, overcrowded target space with approved
IL-4Ra antagonists)

e Program B score (pMHC adjunct utility): 0.815 (high confidence; synergizes with tolerance-promoting
signals)
e Polarization rank: 0.78; Cross-donor robustness: High (n=5 EoOE patients; orthogonal endpoints)

e Pathway: SIK3 phosphorylation of CREB blocks c-FOS recruitment to NFAT - IL-2 promoter; concurrent
pMHC-II engagement drives FOXP3+CD39+CD73+ iTreg/Trl differentiation in the presence of SIK inhibition

Recommendation from Perturbseq Analysis: "Advance Path B (conditional)" — SIK3 is the most tractable
dual-program kinase target, but requires isoform-selective chemistry to avoid metabolic liability. Program A
(standalone) not recommended—redundant with approved drugs (dupilumab, reslizumab).

De-Risking Experiment (Phase 1b):
Transient SIK3 inhibition + pMHC-II construct co-culture in freshly isolated EoE patient CD4+ T cells:

1. Readout: iTreg/Trl conversion (flow: FOXP3+CD25+, CD39+CD73+IL-10+), suppressive function
(Treg-mediated bystander suppression assay)

2. Gate criterion: Combination must outperform either arm alone (pMHC-II alone + SIK3i alone)

3. Duration: 14-day assay; read stability (durability of reprogramming post-restimulation)

3.3 Commercial Licensing Paths
Path A: Monotherapy Orphan Indication

e Target partners: Rare-disease biotech (Gossamer, Agios, Arcus, Reata)
» Expected valuation: $2-5M upfront + $20—-30M milestones + 5-8% royalties
e Timeline to value: 18-24 months (Phase 1 — IND + Phase 2a initiation)

Path B: Combination Therapy with SIK3 Inhibitor (SIK3i) — Supported by perturbseq convergence data

e Mechanistic basis: CD4+ T cell perturbseq identified 33 dual-program targets (Th2 dampening +
tolerance-amenability); SIK3 kinase is standout (Program B score 0.815, cross-donor robust). Blocks
CREB-c-FOS at IL-2 promoter while pMHC-II drives iTreg/Tr1 differentiation.

e Target partners: Tier 1 pharma (Roche, Novartis, GSK, AbbVie) + kinase chemistry specialist (AstraZeneca,
Pfizer, or Schrodinger partnership)

» Expected valuation: $5-10M upfront + $50-100M milestones + 3-5% royalties + co-promotion rights

* Phase 1b proof-of-concept: 14-day CD4+ co-culture with EOE PBMC (n=8-12); gate: combination must
increase iTreg/Trl >2-fold vs. single agents

e Timeline to value: 22—-30 months (Phase 1a - Phase 1b synergy proof — Phase 2a interim efficacy +
breakthrough designation)

3.4 Patent Strategy



Composition of matter: pMHC-II + iron-oxide nanoparticle (broad, 15+ year protection)

Method of use: Trl induction for antigen-specific tolerance in EOE (812 year protection, starts from Phase 3
completion)

Combination patent: pMHC-II + SIK3 inhibitor (contingent on Phase 1lb synergy data; escalates licensing
value)

IP attribution: CZ Biohub (employee work); Ruth-Anne Pai (inventor/co-owner); both listed on patents.
Licensor benefits from royalty stream + attributable milestone payments.

SECTION 4: REGULATORY PATHWAY & TIMELINES

4.1 SIK3i Partner Selection Strategy

Given perturbseq recommendation to advance Path B with SIK3 inhibitor, kinase chemistry partner choice is
a commercial inflection point:

Big Pharma with kinase Existing SIK3i chemical . — .
. o . Slower decision-making; m Primary target for Path B
portfolio (AstraZeneca, series; GMP manufacturing; ) .
} S internal KPI conflicts upfront
Pfizer, Eli Lilly) pharma co-development

May lack regulatory
experience; manufacturing
scale-up risk

Secondary if Big Pharma
unavailable

Biotech kinase specialist Agile decision-making;
(Blueprint, Agios, Incyte) strong kinase chemistry

Rapid isoform-selective
design; de novo SIK3i
optimization

No manufacturing; licensing  Tertiary; consider for lead
partner required optimization

Tech-enabled discovery
(Schrodinger, Exscientia)

Immediate action: Target 2-3 Big Pharma kinase teams for pre-licensing conversations (non-confidential
scientific summary); gauge interest in co-development before Phase 2a.

4.2 FDA Engagement Strategy
Pre-IND meeting (Months 10-12):

e Objective: Clarify FDA expectations for Phase 1 design, CMC requirements, pediatric study plan

e Submit: Pre-IND package including Phase 1 protocol draft, previous human experience (none; this is
first-in-human), CMC overview
e Expected outcome: FDA feedback on Phase 1 endpoints, safety monitoring, manufacturing standards

IND submission (Months 18-20):

e Trigger: Phase 1la complete; Phase 1b protocol finalized; GLP tox reports completed; CMC package ready
e Content: Phase 1 protocol, IB (Investigator's Brochure), CMC, GLP tox, CV of clinical investigators

* Expected FDA review: 30-day standard review; potential Clin-Hold unlikely (low-risk first-in-human, small
doses, orphan indication)

Breakthrough designation (Months 24-30, conditional):



e Trigger: Phase 2a interim efficacy signal (=50% esophageal eosinophil reduction in 240% of patients)
e Impact: Expedited FDA interactions, rolling NDA submission, priority review
e Expected benefit: 6-12 month acceleration of Phase 3 — NDA pathway

4.3 Clinical Development Timeline

FDA Pre-IND meeting

Phase 1 ex vivo complete

IND approval

Phase 1b safety +
eosinophil response

Phase 2a interim (dairy
monotherapy + SIK3i)

FDA breakthrough
designation

Phase 2b/3 initiation

NDA submission

10-12

6-8

18-20

20-26

24-30

28-32

36-48

60-72

Planned

Go/no-go on CD39+CD73+
230%

Assumed positive

Go/no-go on esophageal
eosinophil | 230%

Go/no-go on synergy signal

Conditional on Phase 2a
signal

Multi-HLA + combination

Assumed 10-year safety
database

SECTION 5: RISK ASSESSMENT & MITIGATION

Wheat/soy epitopes

fail Phase 1 Moderate

Design ex vivo TCR

recognition assay

Regulatory clarity; Partner
confidence +10%

Unlock $1-2M IND
milestone

Unlock $2-5M upfront
licensing payment

Unlock $5-10M Phase 1b
milestone

Unlock breakthrough
designation + Phase 2b
expansion

Regulatory acceleration +
co-promotion rights

$15-25M Phase 3
milestone

$30-50M approval
milestone

Accelerate multi-HLA
epitope mining;

(weeks 1-2 of Phase single-dairy

functional validation

NP manufacturing
yield <10 mg/L or
variable
stoichiometry

Low-Moderate High

Phase la

CD39+CD73+

response <15% Moderate High
(below go-gate

threshold)

1a); use IEDB-guided
alternatives if primary
epitopes fail

Begin CMO scouting
now; select backup
chemistry
(SpyTag/SpyCatcher);
Phase 4 go-gate:
>50% yield on pilot
batch

Optimize ex vivo
co-stimulation
(anti-CD28, IL-2);
consider adjuvant
(IL-15, IL-33);
reformulate NP
valency if needed

monotherapy product
(reduced market but
faster approval)

Pivot to recombinant
non-iron-oxide
scaffold (VLP, albumin
NP); delay Phase 1b
but retain Phase la

Pivot to tetramer or
single-chain format;
re-evaluate
mechanism in Phase
2a



Anti-NP IgE
response in >20% of

Comprehensive
baseline IgE screen;
slow IV infusion (over

Defer in vivo studies;
extend Phase 1a;

Phase 1b patients Low-Moderate High 30 mln);_ _ develop _clm!cal
(anaphylaxis risk) pre-medication desensitization
phy (antihistamine, protocol
hydrocortisone)
Iron-oxide Phase 3 GLP
biodegradation extended safety (6-12 FDA may require 1-2
slower th.an Low Moderate month tlmescgle); year post-m\.arketlng
expected; spleen pre-IND meeting surveillance; delays
iron burden >6 clarifies FDA approval 6-12 months
months expectations
. . Phase 2 trial includes
HLA restriction Begln_muhltl-HLA_ multi-HLA arm with
severely limits mapping immediately secondary HLA
. Low Moderate (weeks 1-4); design . o .
population (DR7 + . variants; licensing
3—4 variant pMHC-II
only 25% not 35%) . partner funds
constructs in parallel .
expansion
r?g(r::);?rhasytgathway Phase 2a
Combination with (fallback to Path A); ;"e"’;‘;glzlra_pgh;iﬁ
SIK3i shows no Moderate High consider alternative p_ atew,
. decision between
synergy in Phase 2a Th2 brake (IL-33 aths based on
blocker, CRTH2 pafhs base
) relative efficacy
antagonist)
FDA combination Pre-IND meeting Phase 4 budget
product clarifies device vs. +$30-50k; timeline
classification (device Moderate Moderate drug classification; +8-12 weeks;
track, expanded negotiate minimal mitigated by early
CMC) viable CMC at IND FDA engagement
File composition Licensed partner likely
patent immediately defends patent estate;
Patent invalidation Low Moderate post-publication licensor royalty stream

or narrow claims

(establishes priority);
monitor competitor
patent filings

unaffected if patent
survives initial office
actions

SECTION 6: NEXT STEPS & ACCOUNTABILITY

6.1 Immediate Actions (Weeks 1-4)

1. Submit provisional patent application (post-manuscript publication) — 1 week

2. Engage CZ Biohub legal on IP attribution framework — 2—3 weeks

3. Identify 3-5 target licensing partners (Path A: Gossamer, Agios, Arcus) — 3 weeks

4. Schedule FDA Pre-IND meeting (target months 10-12) — 4 weeks

6.2 Medium-term Milestones (Months 1-12)



Month 1-2: Phase 1 protocol finalization + IRB submission

Month 3—4: Patient recruitment + enrollment

Month 6: Phase 1a interim efficacy readout + $1-2M IND milestone unlock
Month 9: Phase 1la completion + Phase 1b initiation

Month 10-12: FDA Pre-IND meeting + IND package assembly

6.3 Long-term Value Inflection Points

Month 18-20: IND approval + $5-10M upfront licensing (Path A or Path B partner)

Month 24-30: Phase 2a interim + breakthrough designation application

Month 30: Path B co-development negotiation with Tier 1 pharma + $5-10M additional upfront
Month 48: Phase 3 initiation + $15-25M Phase 3 milestone

CONCLUSION

The EoE pMHC-II nanoparticle therapeutic program represents a scientifically rigorous, commercially
viable, first-in-class approach to antigen-specific tolerance induction in a large, severely underserved
patient population. With dual-track licensing strategy (Path A orphan + Path B combination), transparent IP
positioning, and clear regulatory milestones, the asset is positioned for rapid biotech partnership and clinical
translation.

Recommended decision: PROCEED TO PHASE 1 WITH SPECIFIED CAVEATS (multi-HLA epitope
mapping weeks 1-4; Phase 1b in vivo proof-of-mechanism arm; regulatory pre-engagement concurrent with
Phase 1a).

Expected commercial outcome: $75-160M (Path A, 25-year royalty stream) or $400M-1.2B (Path B, 25-year
royalty stream including combination premium).

Timeline to value inflection: Phase la interim (month 6) — IND milestone unlock ($1-2M); Phase 1b
proof-of-concept (month 24) -, licensing partner expansion ($5-10M+ additional upfront).
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