Stage-2 Formula Pack v4.0
Dual-Platform mRNA Therapy in X-Linked ALD (LNP + EV, Peripheral-First — CNS)

Method2Model Framework

Purpose of this Formula Pack (Stage 2)

This document provides the full mathematical formulation of the architecture defined in Stage 1
for the dual-platform mRNA therapy in X-linked adrenoleukodystrophy (ALD), covering:

e Block A: Delivery & Exposure (PBPK / transport).

e Block B: Expression & Peroxisomal Targeting.

e Block C: Disease / Pharmacodynamics (mouse + human-projected).
e Block D: Safety & Immunogenicity.

e Block E: CMC / Manufacturing Variability.

¢ Block F: Uncertainty & Scenario Engine.

e Block G: Decision Logic & Go/No-Go Surfaces.

The goal of Stage 2 is to remove all ambiguity in:
e State variables and their dynamics (ODEs or algebraic maps).
e Parameters, constraints, and boundary /initial conditions.
o Functional dependencies between blocks A-G.

No numerical values are fixed here; those belong to Stage 3 (calibration and implementation).
This document is designed to be sign-off-ready for a Formula Lock, after which coding can start
with a stable I/O contract.

1 Global Notation and Index Sets

We define the following index sets and variables, used across blocks.

1.1 Index Sets

e Time:
t e [O,T] C Rzo.

e Platforms (carriers):
k€ K = {LNP, EV}.

e Routes:
r € R ={IV, IN, IV+FUS, EV4+FUS,... }.
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Compartments:

¢ € C = {plasma, liver, periphery, CNS, CSF}.

e Disease phenotype:

p € P = {AMN, very-early cALD, early cALD}.

Species branch:
s € § = {mouse, human}.

Cell types (for expression/targeting):

cell € Ceonp = {hepatocyte, oligodendrocyte, astrocyte, microglia, . .. }.

Dose index:

j=1,...,J,

with dose administration times ¢;.

1.2 Dose Specification

For each platform k and route r, we define the nominal dose administered at time ¢; as
Dy, ,(tj;) [amount per body weight],

with route-specific target compartment ¢, € C.

1.3 Kronecker Delta and Dirac Delta

1, c=c,
5c,cr = "
0, c#ecr,

and the Dirac delta d(t — t;) to represent instantaneous dosing events.

We use the Kronecker delta

2 Block A: Delivery and Exposure (PBPK / Transport)

Block A describes systemic and CNS exposure of mRNA carriers (LNP, EV), their distribution
across compartments, and uptake into relevant cells.

2.1 State Variables in Block A
For each carrier k € K and compartment ¢ € C:

Cic(t) [amount/volume]  Carrier concentration in compartment c,

Uk ccel(t) [amount] Cumulative uptake into cell type cell in compartment c.
Blood-brain barrier (BBB) permeability:

Pppp(t) [length/time].
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2.2 Parameters in Block A

e V. [volume]: Volume of compartment c.

e Q.. [volume/time]: Blood flow from compartment ¢’ to c.

e CL. [volume/time]: Clearance from compartment c.

e Appp [area]: Effective BBB area.

¢ Piaseline [length/time]: Baseline BBB permeability.

e Mpus [—]: BBB permeability multiplier during FUS.

e tpyus, Atpus [time]: FUS window.

® Vinaxkccell [amount/time]: Maximal uptake rate into cell type cell in compartment c.

o Kok ccell [amount/volume|: Michaelis-Menten constant for uptake in that cell/compartment.

o Osurface and ligand-related parameters: Control the surface binding term ¢gurface-

2.3 PBPK Dynamics for Carrier Concentrations

For each k € K and ¢ € C, the carrier concentration Cj, .(t) evolves according to:

dck,c(t) Qc c Qcc”
c c'#c
inflow from other compartments outflow to other compartments
CL, 1 ok
- O X O ). (1)
\ﬂ,_/ celleCeenl

clearance from compartment c
cellular uptake

The dosing input term Iy, . .(t) is:
J
Dy, ( .
krc Z 77‘ CC 5(t_t) (2)
7=1

where ¢, is the dosing compartment for route r, and the units are chosen such that I, .(t) has
dimensions consistent with dCj, ./dt.

2.4 BBB Transport and FUS Modulation
The flux across the BBB (e.g. between plasma and CNS) for carrier k is modeled as:
Qkplasma—scNs (t) = Pea(t) AeB (Ch plasma(t) — Cr.ons(t)). (3)

The effective BBB permeability Pppp(t) is:

Mrus, t € [trus, trus + Atrus),
PBBB (t) — Pbaseline X { (4)

1, otherwise.

The BBB flux term (3) appears in the Cj plasma and Cy cns equations as inflow/outflow
contributions divided by the respective compartment volumes.
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2.5 Cellular Uptake Dynamics

Cellular uptake in compartment ¢ for platform & and cell type cell is modeled as a saturable
process:

C}mc(t)
Km,k,c,cell + Ck,c

k .
Ult:l,pct,ieﬁ(t) - Vmax,k,c,cell (t) (bsurface (gsurfacea hgands) ) (5)

where ¢surface € (0, 1] captures modulation due to surface ligands, receptor density, and other
targeting design features.
The cumulative uptake in cell type cell satisfies:

dUk,c,ceH (t) uptake
—a ”k,pct,cen(t)' (6)

2.6 Initial Conditions for Block A
Unless otherwise stated:
Ck,c(o) _ Cl?,acseline ~ 0,

Uk,c,cell<0) = 07
PBBB<O) - Pbaseline-

3 Block B: Expression and Peroxisomal Targeting

Block B converts cellular uptake of carriers into intracellular mRNA, ALDP protein, and per-
oxisomal targeting capacity that controls S-oxidation capacity Vjs(t).

We formulate the block for a generic cell type; in implementation, parameters differ for
hepatocytes, oligodendrocytes, astrocytes, etc.

3.1 State Variables in Block B

For each relevant cell type:

m(t) ABCD1 mRNA copies (effective amount per cell),
Pa1r,op 0t (%) Total ALDP protein in the cell (all locations),
PA1,DP peri(t) ALDP localized to peroxisomal membranes,
PAr,oPmis(t) Mislocalized ALDP (e.g. ER, aggregates),
Va(t) Peroxisomal (-oxidation capacity,
Orarget (1) = M Peroxisomal targeting fraction.

PALDP tot (1)

3.2 Parameters in Block B

e 7esc |—|: Endosomal escape efficiency (fraction of internalized cargo leading to cytosolic
mRNA).
® ccell [—]: Allocation of uptake in compartment ¢ and platform & to this cell type (nor-

malization factor).
® Kdeg,m [1/time]: mRNA degradation rate.

e ki, [1/time]: Translation rate from mRNA to ALDP.
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® Kdeg,p [1/time]: Protein degradation rate (all ALDP pools).

® Fkinsmax [1/time]: Maximum peroxisomal insertion rate.

e Kins [same units as PAr,pptot]: Saturation constant for insertion versus total ALDP.
e Cpgx [same units as Parpptot]: Effective capacity of PEX import machinery.

® Kturnover,peri [1/time]: Turnover of peroxisomal ALDP.

. Vﬁw T [capacity units]: B-oxidation capacity in wild-type cells.

e Parppwr: Reference peroxisomal ALDP in wild-type.

e Kj [dimensionless|: Half-saturation parameter in the Hill function.

e 7 [dimensionless|: Hill exponent controlling steepness.

3.3 Input Flux from Block A

The effective mRNA input rate ki, (t) (mRNA per cell per unit time) is linked to cellular uptake

from Block A: U 0
k,c,cell
Fin = Tlesc ccell ————-
(1) =Tese Y D Okecel T (7)
kel ceC
Units are chosen such that kin(¢) is consistent with the units of m(¢) and the ODE for mRNA.

3.4 mRNA and Protein Dynamics

The mRNA and total ALDP protein follow:
dm(t)
dt
dPALDP tot (1)
dt

= kin(t) - k;deg,m m(t)’ (8)
= kir m(t) — Kdeg,p PALDP, tot (1)- 9)

3.5 Peroxisomal Insertion and Mislocalization

The peroxisomal insertion rate (into PALDRperi) is modeled as a saturable function of total ALDP
and PEX capacity:

Pa1,0P ot (1) Cpex
ki (PALDP t ) =k : . . 10
e to(t) I Kins + PaLppitot(t)  CpeX + PALDP tot () (10)
Peroxisomal ALDP dynamics:
dPALDP,peri(t
dt,perl() = kins<PALDP,tot (t)> - k’turnover,peri PALDP,peri(t)- (11)
Mislocalized ALDP is:
PA1,0Pmis(t) = PALDPtot(t) — PALDP peri(t)- (12)

3.6 Peroxisomal -Oxidation Capacity

The capacity Vj(t) is expressed as a Hill-type function of the peroxisomal ALDP relative to
wild-type:

PA1,pP peri(t)
Ve(t) = VIV g(2(t)),  alt) = SRR (13)
ALDP,WT
where
z
g(z) x> 0. (14)
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3.7 Initial Conditions for Block B
In untreated ALD cells (e.g. ABCD1-deficient):

m(0) = 0,
PALDP 10t (0) = 0,
Pa1ppperi(0) = 0,

V3(0) < VM.

4 Block C: Disease / Pharmacodynamics

Block C maps peroxisomal capacity V() into VLCFA levels, inflammation, axonal injury, and
clinically relevant endpoints. It has two branches:

e Mouse branch (for preclinical Aim 2).

e Human-projected branch (for translation, Loes and NfL).

4.1 Mouse Branch: Cyouse
4.1.1 State Variables (Mouse)

Vs(t) Imported from Block B (mouse cells),
Cgéasma(t) Plasma VLCFA (e.g. C26:0),
() CNS VLCFA,
Inflammeng(¢) CNS inflammation state variable,
Axonlnjury(t) Cumulative axonal injury (mouse).

4.1.2 Parameters (Mouse)

® Phrod,plasma(Ds 8, 1), Porod,cNs(p, s,t) [amount/(volume-time)]: VLCFA production rates in
plasma and CNS, dependent on phenotype p and species s = mouse.

o Viax,c26, Km,c26: [-oxidation parameters for VLCFA.

® kclear,plasma, Kclear,cNs: Non-S-oxidation clearance rates.

® keross: Exchange rate between plasma and CNS.

® Kinfl, Kresolve: Inflammation induction and resolution rates.

® inj, Binj, Ko, K1, yo, 71: Parameters for axonal injury dynamics.
e N fLpaseline,mouse, oNi1,: Baseline and sensitivity for NfL.

e FAy . seline, ara: Baseline and sensitivity for DTT FA.

o Rotarodpaseline, @Rot: Baseline and sensitivity for Rotarod performance.
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4.1.3 VLCFA Dynamics (Mouse)
We use a Michaelis—Menten form for consumption:

Cos

, 15
K, 026 + Cog (15)

h(Czﬁ) =

Plasma VLCFA:

dCZPéasma(t) - p _ ¢ Va(t) h Cplasma ¢ k Cplasmat 16
T - prod,plasma(pvs = Imouse, )_ ,3( ) ( 26 ( )) — Rclear,plasma “2¢ ( ) ( )
CNS VLCFA:
dCsg™>(t) _ CNS CNS plasma CNS
- 3,  — +prod, ) s V)T — Ivclear, 26 Cross 26
gr Pyrod,cNs(p, s = mouse, £)—Va(t) h(Cog™> (£)) —ketear,cns Cag - (£)+keross (C (t)—Co6 > (1)).
(17)
4.1.4 Inflammation and Axonal Injury (Mouse)
Inflammation:
dInflammcns (¢
dt al ( ) = Kinfl ¢inﬂ<CQCGNS(t)> — Rresolve InﬂammCNS(t)a (18)
where ¢ing is a non-negative increasing function, e.g. a Hill function.
Axonal injury:
dAxonlInjury(¢
dtJ vt _ Fax0n<(]2%NS(t), InﬂammCNS(t)), (19)
with a typical parametric form:
Ce Jals .
Faxon(C, I) = ctin; et Kgc T K — Binj Axonlnjury(t). (20)
4.1.5 Mouse Endpoints: NfL, DTI, Rotarod
NiL:
NfLmouse(t) = Nbeaseline,mouse + aNfL AXODIHjUI‘y(t) + enfL, (t) (21)
DTI FA:
FA(t) = FApaseline — ara Axonlnjury(t) + epa (t). (22)
Rotarod performance:
Rotarod(t) = Rotarodpaseline — @Rot AxonInjury(t) + erot (t). (23)

Here engr,(t), epa(t), and egot(t) are noise terms capturing measurement variability.

4.1.6 Initial Conditions (Mouse)
Typical untreated ABCD1-deficient baseline:

plasma<o> = Ol hasetine:
S(O) = 206Nbsaselinev
InﬂaurnrnCNS (0) = Inflammpaseline,
Axonlnjury(0) = AxonInjuryy,seline-
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4.2 Human-Projected Branch: Cluman
4.2.1 State Variables (Human-Proj)

Vh“man(t) Peroxisomal capacity in human CNS-relevant cells,
Cgéaﬁum;an(t) Plasma VLCFA (human projection),
2C6Nhsuman(t) CNS VLCFA (human projection),
MicroglialAct(t) Microglial activation state,
AxonInjuryy,man () Cumulative axonal injury (human projection),
NfLpyman (%) Human-projected NfL,
Loes(t) Loes MRI score (human projection).

4.2.2 Parameters (Human-Proj)
Analogous to the mouse branch, but with human-relevant values:

. human PCNS human

B,WT » * ALDP,WT °
Phuman ( ) Phuman ( t)
prod,plasma p, prod,CNS p,t).

human human
Phuman(-) parameters: V2" 026,K 026 -

khuman khuman khuman
clear,plasma® "clear,CNS> "Vcross

® Rmicros Fmicro,resolves plus parameters for ®micro-

Parameters of Faxon,humana GNf[n GLoes-

4.2.3 Linking ALDP to Human Vj

Let PEES; ;Ier;?n( ) denote peroxisomal ALDP in human-projected CNS cells, imported from a

human version of Block B. Then:

PCNS human( )

ALDP,peri
Vﬁhuman( ) Vhl\l]{]n"fa‘n ghuman(mhuman(t)> xhuman(t) = W7 (24)
PALDP WT
where ghuman 18 @ Hill-type function analogous to (14), with its own (Kguman, humany,
4.2.4 VLCFA Dynamics (Human-Proj)
We define: o
hh C26 $ 25
men(C26) = o G %)
Plasma VLCFA:
d plasma
26,h 1 1
T = P aama (P2 £) = VA" (1) P (Ch raman) — Fitarlasma Chomman  (20)
CNS VLCFA:
dCQC@NhSumaH human human human CNS human plasma CNS )
T Pprod CNS( ) V ( ) hhuman (026 human) kclear,CNS CQG,human+kcross (026 human 267human/

(27)
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4.2.5 Microglial Activation and Axonal Injury (Human-Proj)
Microglial activation:

dMicroglial Act

dt = Kmicro ¢micr0(C§31,\IhSuman (t>> - ’fmicro,resolve MiCl"OghalACt(t), (28)

where ¢micro 1S an increasing function of CNS VLCFA.
Axonal injury (human-projected):

dAxonInjuryy man

> — Faxon uman( OS5 uman (1), Microglial Act(t)). (29)

4.2.6 NfL and Loes Dynamics (Human-Proj)

NIiL:
dNI{L t .
iﬁmn() = GNfL<02061,\Ihsuman(t)7 AxonInJuryhuman(t)> — kN clear NfLhuman (£), (30)
with G'ng, typically increasing in both arguments.
Loes score: dLoes(t)
oes . .
—a - GLOQS<C§6NhSuman( ), MlcroghalAct(t)>, (31)

where Groes is non-negative and reflects lesion expansion rate.

4.2.7 Initial Conditions (Human-Proj)
Baseline for given phenotype p:

plasma
26,human

CCN S

26,human

n

— NP

5 Block D: Safety and Immunogenicity

Block D collects safety-relevant dynamics including cytokines, liver enzymes, and anti-drug
immune responses.

5.1 State Variables in Block D

(t) Composite cytokine response (e.g. IL-6, TNF-a),
Sarr(t) ALT level,
Sast(t) AST level,

ADA(t)

Cytokme t

Anti-drug antibodies against platform k € K.
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5.2 Parameters in Block D

® Keyt,ind, Keyt,decay: Induction and decay of cytokines.

® KALT,ind> KALT,decays KAST,ind> KAST,decay: Induction and decay of liver enzymes.

Geyt, Pnep: Functions mapping exposure and dose features to safety stress.

® KADA,ind,ks KADA,decay,k: Induction and decay rates of ADA for platform k.

Esate.cyts Esafe ALT, Fsate,asT: Safe bounds for safety endpoints (used later in Block G).

5.3 Exposure-Driven Cytokine Response

We define a scalar safety exposure driver E.y(t) based on Block A (e.g. peak or cumulative
exposure in immune-relevant compartments such as spleen, liver, and blood):

Ecyt (t) = ¢cyt<{ck,c(t)}k€K, c€Cimmune {Dk,r (tj)}k,r,j) ) (32)

where Cimmune is a subset of compartments (e.g. plasma, spleen) and ¢yt is a non-negative
function.
Cytokine dynamics:

dScytokine (t)

dt = Kcyt,ind Ecyt (t) — Rcyt,decay Scytokine(t)- (33)

5.4 Liver Enzyme Responses (ALT/AST)

We define a hepatic stress driver Fyep(t), e.g. based on LNP exposure in liver and possibly
VLCFA burden:
Ehep(t) = <Z5hep(CLNP,hver(t)7 CEZ™ (1), %Ns(t)) (34)

with ¢pep non-negative and increasing in its arguments.
ALT dynamics:

dSarLT (t)

3~ FALTnd Erep(t) — KALT decay SaTT (). (35)
AST dynamics:
dSasT(t
df() = KAST,ind Ehep(t) — KAST,decay SAST(). (36)

5.5 Anti-Drug Antibody (ADA) Dynamics

For each platform k € K, we define an ADA state ADAg(¢) driven by exposure in immune-
relevant compartments and cumulative dosing;:

Eapax(t) = ¢ADA,k({Ck,c(t)}cecimmunea {Dk,r(tj)}j)v (37)
with ¢apar > 0.
ADA dynamics:
dADA(t
dtk() = KADA,ind,k PADA k() — KADA decay,k ADAL(t). (38)

ADA may feed back into Block A (e.g. by reducing effective exposure through accelerated
clearance) or Block B (e.g. reducing effective mRN A input); such feedback is specified in the
I/O contract.
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5.6 Initial Conditions (Block D)
Baseline healthy or ALD values:

cytoklne 0 cytoklne baseline>

SALT 0 SALT baseline

(0) =
(0) =
SasT(0) = SAST,baseline;
ADAL(0) =0 Vk e K.

6 Block E: CMC / Manufacturing Variability

Block E maps batch-level CMC measurements (e.g. size distribution, encapsulation efficiency,
potency assays) into effective model parameters, such as dose scaling and endosomal escape
efficiencies.

6.1 Batch Index and CMC Measurements

We introduce a batch index b = 1,..., B. For each batch b and platform k, we observe a vector
of CMC features:

Qrp= (EEM,, SizeMeany, p, SizePDIyp, PotencyAssayy, ;,, Impurityy, ,, )

6.2 Effective Potency and Dose Scaling

We define an effective potency factor ¢ derived from CMC features:

Orp = 4 Qrr). (39)

where @, is a function mapping CMC metrics to a dimensionless scale factor.
The effective dose entering Block A for batch b is:

DR (t5:0) = np DR (855 D). (40)

6.3 Endosomal Escape and Other Parameter Modulation

Similarly, we define an effective escape efficiency 7esc r,» and possibly other parameters as func-
tions of CMC metrics:

Nesc,k,b = Wk(Qk,b)7 (41)

Edeg,m,p = QmRNA(Qk,b)a etc. (42)

These are algebraic relationships; they do not introduce new state variables but affect the
parameters in Blocks A and B for batch b.

6.4 Constraints and Acceptability Criteria

CMC criteria for acceptable batches are represented as inequalities on @y, ;, and derived factors
such as ¢y, €.g.:

O < drp < ORE, (43)
SlzeMeanmm < SizeMeany, ;, < SizeMean ™, (44)

with analogous constraints for PDI and impurity. These inequalities are used in Block G as part
of CMC-related decision logic.
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7 Block F: Uncertainty and Scenario Engine

Block F formalizes parameter uncertainty and scenario definitions, allowing systematic explo-
ration of how variability and design choices impact outcomes.

7.1 Uncertain Parameter Vector
We collect uncertain parameters into a vector
0= (61,...,0M),
which may include:
e PK parameters (e.g. Pgpp, Mrus, CL.).
e Expression parameters (€.g. 7esc; Ktr, Kinsmax)-

e PD parameters (e.g. Vinax,c26, Km,c26, K'S).

Safety parameters (e.g. Keyt,ind)-

CMC-derived factors (e.g. @k, b, Mesc,k.b)-

7.2 Prior Distributions

Each parameter 6; is endowed with a prior distribution 7;(6;), often specified as log-normal,
normal, or uniform within bounds:

0; ~ mi(-), i=1,..., M. (45)
The joint prior may factorize or include correlations:
0 ~ 7(0), (46)

where 7 is a multivariate distribution summarizing prior knowledge.

7.3 Simulation Outputs as Functions of 6

Let YV denote the set of model outputs of interest (e.g. End-of-study NfL, Loes, C26 reductions,
safety peaks). For a given design d (dose, schedule, FUS setting) and scenario s, we denote the
model solution as:

Y = M(d, s, 0), (47)

where M symbolizes the numerical solution of Blocks A—E given parameters 6.

7.4 Scenario Definitions

We define a finite set of scenarios Sgcen (n0t to be confused with the species set S), with each
scenario s € Sgcen represented by:

s = (eﬁxed,57 Is; DS)7 (48)
where
o Ofixed,s: Parameters fixed or shifted in scenario s (e.g. “worst-case FUS”, “low CNS uptake”).
e 7,: Index set of parameters held fixed versus varied.

e D,: Any design-specific modifications (e.g. presence/absence of CNS arm in the trial).
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Examples:
e s = S0: Baseline scenario (nominal parameters).
e s =51: CNS delivery-limited scenario (low Pgppp, low Mpys).
e s = .52: Overexpression/targeting risk (high ALDP expression in non-target cells).
e 5 = .53: Immune-sensitive repeat dosing.
e s = S54: CMC-driven potency variability scenario.

e s = S5: Translational scenario across phenotypes (AMN to early cALD).

7.5 Uncertainty Propagation

For a fixed design d and scenario s, the distribution of outcomes Y induced by parameter
uncertainty is:

Y |ds~{M(d,s,0):0~m(0)}. (49)

Key summary statistics:
E[Y | d, 5] = / M(d, 5,0) 7(6) d6, (50)
VarY | d, 5] = / IM(d,5,0) — E[Y | d, s]||*x(6) 6, (51)

and quantiles or probabilities of satisfying decision criteria (used in Block G).

8 Block G: Decision Logic and Go/No-Go Surfaces

Block G defines decision functions that map summary outputs of the model (Blocks A-F) into
trial-level or program-level decisions.

8.1 Derived Quantities of Interest

We define a set of scalar quantities derived from the model over relevant time horizons, including
but not limited to:

1 1
_ C§6asma(tend) - Cg6asma(tbaseline)

plasma
AC(QG,mouso - Cplasma )
26 (tbaseline)
CNS CNS
AcoNs _ Co (tend) — Cog " (tbaseline)
- )

26,mouse N
0206 S (tbaseline)

A1\Iﬂv—4human = Nthuman(tend) - Nthuman (tbaseline)a
ALoes = Loes(tena) — Loes(tpaseline)s

peak _ '
cytokine — tle%f%(] SCytokme (t),
peak
= max Sarr(t
ALT [0,7] ( )7
k
Shas = max Sasr(t).
AsT = ax (t)

Additional quantities can include measures of Rotarod performance change, DTI changes,
or CMC acceptability metrics.
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8.2 Decision Criteria and Surfaces

We represent decision rules via inequalities on these derived quantities. For example, an efficacy

criterion:

ACPM™a <35

26, mouse

ACSNS < —0.25,

26,mouse

and a human projection criterion:

A:l\]'f-[lhurnam < 07
ALoes < ALoeSmax,

where ALoesax is a tolerated lesion progression bound.
Safety criteria might require:

peak
Scytokine < Esafe,cyt )

peak
SALT < Esafe,ALTa

k
SieSaT < Esafe,AST‘
CMC acceptability is enforced via:

tabl i
Quy € QP and gy € (ORI, O,

where chceptable is defined by inequalities such as (44).

8.3 Probabilistic Decision Rules under Uncertainty

(52)
(53)

Under parameter uncertainty, we consider the probability of satisfying efficacy and safety criteria

for a given design d and scenario s:
Pefi(d, s) = Por(0) [Eqs. (52)—(55) hold | d, 8],
Psate(d, 8) = Pg.r(g) [Eqs. (56)—(58) hold | d, s].
8.4 Go/No-Go/Pivot Regions

We define three regions in the space of (pefr, Psate):

Rao = {(peff,psafe) D Peft = prerilfinv Dsafe = pgelxifrel}’

RNOGO = {(peffypsafe> D Peft < pgggo Or Psafe < p;l;)f_ego}a
Rpivot = Complement of Rgo U RNoCo,

min . 1N0-gO0  NO-go

with thresholds pgf}%n, Diater Pefi > Peate defined by stakeholders.

Based on Monte Carlo estimates of peg(d, s) and pgafe(d, s) across scenarios s € Sgcen, design

d is classified as Go, No-Go, or Pivot.
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Summary and Next Steps

This Stage-2 Formula Pack v4.0:
e Provides explicit state definitions, ODEs, and algebraic maps for Blocks A-G.
e Preserves and formalizes the Stage 1 architecture in a code-ready form.
e Clearly defines how CMC variability and uncertainty feed into outcomes and decisions.
Once this formulation is approved (Formula Lock), the next steps are:

1. Define the Stage-2 I/O Contract: explicit types, shapes, units, ranges, and file schemas for
all inputs/outputs.

2. Implement and verify numerical solvers for Blocks A-E (Stage 3), plus uncertainty propa-
gation (Block F).

3. Implement decision dashboards based on Block G for trial design and program-level deci-
sions.

Appendix: State / Observable / Decision Summary
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Block  Dynamic states (ODE / Observables / derived outputs Decision variables /
integral) levers
A Cr.c(t), Ukccel(t), Exposure profiles (time courses, AUC, Dose level per plat-
Pppp(t) Chax) in plasma, liver, periphery, CNS, form/route; dosing
CSF; cell-specific uptake metrics; BBB  schedule; choice  of
fluxes under FUS vs. non-FUS route (IV, IN, IV+FUS,
EV+FUS); FUS timing
and window
B m(t), Pa1pptot(t), ALDP expression levels (total and per- Target per-cell expres-
Parppperi(t), Va(t) oxisomal), mislocalized pool, targeting sion window; acceptable
fraction @iarget(t), peroxisomal capacity —targeting range; con-
Va(t) straints on overexpres-
sion / mislocalization in
non-target cells
C Mouse: ChR™a (1) VLCFA time courses and percent Efficacy thresholds
CSNS(t), Inflammens(t), change; NfL trajectories (mouse & in mouse (e.g. ACh,
Axonlnjury(¢); Human- human-proj.); Loes evolution; DTT FA Rotarod, FA) and
proj.: C;’é?ﬁ?;an(t), and Rotarod readouts; integrated ax- human-proj. (ANTL,
CSGNhSu (), onal injury ALoes); phenotype-
Microglial Act (1), specific translation
AxonInjuryy,man (t), gates  (AMN,  early
NfLuman (£), Loes(t) cALD, very-early
cALD)
D Seytokine (t), Sarr(t), Cytokine peaks and time courses; Safety boundaries
Sast(t), ADAg(t) ALT/AST profiles; ADA titers per plat- (max. tolerated cy-
form; composite safety burden metrics  tokine peak; ALT/AST
envelopes); repeat-
dosing feasibility;
stopping rules and dose
reductions
E — CMC QC metrics Qy;, (EE, size, PDI, Batch acceptance / se-
impurity, potency, ...), and derived lection; linking specific
factors ¢pp, Nesckby Kdegmp etc. as al-  CMC profiles to allowed
gebraic functions of CMC dose bands or exclu-
sion; CMC-driven sce-
nario definitions used in
Block F/G
F — (uncertain parameters Parameter priors and posteriors; dis- Definition of uncer-
are not dynamic states) tributions of outcomes Y under 6 ~ tainty sets,  priors,
7(0); sensitivity indices and scenario- and  scenarios  Sscen
wise summaries (e.g. CNS-limited,
immune-sensitive,
CMC-variability);
choice of which parame-
ters are varied vs. fixed
G — Derived efficacy and safety metrics (e.g. Go / No-Go / Pivot

A026’ ANfL’ ALOeS7 Speak SX??II‘:

cytokine’
SZ%%}(), plus probabilities peg(d, s),
psafe(da 5)

classification; selection
among candidate de-
signs d (dose, sched-
ule, route mix, FUS
plan); prioritization of
programs or arms to ad-
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