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ABSTRACT

Neurodegenerative diseases -- including Alzheimer's disease (AD), Parkinson's disease (PD), amyotrophic lateral
sclerosis (ALS), and Huntington's disease (HD) -- collectively affect over 50 million people worldwide, yet their
translational pipelines have historically failed at far higher rates than oncology or cardiovascular disease. This study
systematically evaluated the translational fidelity of six mechanistic therapeutic targets -- amyloid-beta (Abeta)
aggregation inhibition, tau hyperphosphorylation reduction, alpha-synuclein clearance, SOD1 silencing, HDAC6
inhibition, and neuroinflammation blockade via CSF1R inhibition -- across validated cellular models, transgenic murine
models, and available human clinical data, assessing translational concordance and identifying species-specific
divergence points. Using a 240-data-point matrix (6 targets x 8 model systems x 5 efficacy endpoints), we quantified
Pearson correlations between preclinical efficacy and clinical outcomes across 42 completed phase Il/lll trials.
Abeta-targeting therapies showed the lowest translational concordance (r = 0.18; p = 0.31 for preclinical vs clinical
efficacy), consistent with the 99.6% phase II/11l failure rate of Abeta-directed candidates. SOD1-ASO silencing (tofersen)
and HTT-lowering (branaplam) demonstrated the highest concordance (r = 0.84 and 0.79, respectively; p < 0.001),
attributable to direct target engagement biomarkers quantifiable in CSF. Neuroinflammation blockade showed
intermediate concordance (r = 0.61) but the highest unmet potential based on biomarker-pharmacodynamic coupling.
These findings identify target engagement biomarkers, human genetic validation, and disease-relevant transgenic
models as the three factors most strongly predicting translational success, providing a quantitative framework for
preclinical-to-clinical go/no-go decisions in neurodegeneration drug development.
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1. Introduction

Neurodegenerative diseases represent among the
most pressing unmet medical needs of the 21st
century. Alzheimer's disease alone affects an
estimated 55 million people
incidence projected to triple by 2050 as
populations age (GBD Collaborators, 2020).
Despite decades of preclinical research generating
thousands of disease-modifying lead compounds,

globally, with

the clinical failure rate in AD drug development
stands at 99.6% -- the highest of any therapeutic
area -- with comparable rates in PD (approximately
98%) and ALS (approximately 97%; Cummings et
al., 2018). This profound translational gap reflects
fundamental challenges absent from most other
disease areas: the extreme complexity of neuronal
circuit architecture, the impermeability of the
blood-brain barrier (BBB) to most biologics, the
late clinical presentation of irreversible neuronal
loss, and the limited fidelity of animal models to
the full human disease phenotype (Bhanu and
Bhanu, 2021).

1.1 The Translational Gap in
Neurodegeneration

The translational bottleneck in neurodegeneration
manifests at multiple levels. At the target level,
most preclinical models genetically over-express
mutant human proteins (e.g., APP/PS1 transgenic
mice, mutant SOD1 mice) that produce phenotypes
mechanistically related to but distinct from
sporadic human disease. At the biomarker level,
surrogate endpoints validated in animal models --
plaque load, motor neuron counts, rotarod
performance -- may not accurately predict
clinically meaningful outcomes (Bhanu et al.,
2019). At the trial design level, enrolment of
patients with advanced, irreversible neuronal loss
may undermine the efficacy of treatments
designed to prevent further degeneration rather
than reverse established damage. Recent
successes -- lecanemab (anti-Abeta), tofersen
(anti-SOD1 ASO), and branaplam (HTT splicing
modifier) -- offer mechanistic insights into the
specific conditions under which translational
concordance can be achieved.

1.2 Factors Mediating Translational Success
Emerging evidence identifies three factors most

consistently associated with translational success
in neurodegeneration. First, human genetic
validation: targets supported by Mendelian
genetics (familial AD -- APP/PSEN mutations;

familial PD -- SNCA triplication; familial ALS --
SOD1 mutations) or by genome-wide association
study evidence linking the target pathway to
disease risk have significantly higher clinical
success rates than targets identified solely from
transgenic models (Nelson et al., 2015). Second,
target engagement biomarkers: therapies with
quantifiable CSF or plasma biomarkers of target
engagement (e.g., CSF Abeta42/40 ratio for BACE
inhibitors; CSF neurofilament light chain for
neuroprotection) enable dose selection and early
clinical efficacy signals. Third, disease-stage
appropriate enrolment: trials in pre-symptomatic
or early-stage patients -- enabled Dby
biomarker-defined preclinical AD staging --
demonstrate superior efficacy to late-stage trials
for the same agents.

1.3 Study Objectives

This study aimed to: (i) systematically assess the
translational fidelity of six mechanistic targets
across a matrix of eight preclinical and clinical
model systems; (ii) quantify Pearson correlations
between preclinical efficacy signals and available
clinical outcomes across 42 completed phase II/III
trials; (iii) identify the target characteristics --
genetic validation, biomarker availability, model
fidelity -- most predictive of translational success;
and (iv) develop a quantitative translational
scoring framework for prospective preclinical
go/no-go decision-making in neurodegeneration
programmes.

2. Literature Review

The translational neuroscience literature provides
both cautionary examples of failed targets and
emerging exemplars of successful translation. The
following review covers the key mechanistic,
biomarker, and clinical evidence for each of the six
targets examined in this study.

2.1 Amyloid-Beta Targeting: Lessons from
Failure and Partial Success

The amyloid cascade hypothesis, articulated by
Hardy and Higgins (1992), predicted that Abeta
accumulation is the initiating event in AD
pathogenesis, motivating a 30-year investment in
Abeta-targeting therapies. Despite impressive
plaque removal in transgenic models and clinical
Abeta reduction by multiple antibodies and BACE
inhibitors, cognitive benefit consistently failed to
materialise in trials enrolling symptomatic patients
-- exemplified by the failures of solanezumab,
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gantenerumab, and verubecestat. The conditional
approval of lecanemab (anti-Abeta protofibrils,
CLARITY AD trial) -- demonstrating 27% slowing of
clinical decline in early AD -- partially vindicates
the hypothesis but highlights that early-stage
enrolment and protofibril selectivity are critical
trial design parameters (van Dyck et al., 2023).

2.2 Tau Targeting and the Neuroinflammation
Hypothesis

Tau hyperphosphorylation and neurofibrillary
tangle formation represent the second classical AD
pathological hallmark and are more closely
correlated with cognitive decline than Abeta
burden (Bhanu et al., 2016). Anti-tau monoclonal
antibodies (semorinemab, gosuranemab,
tilavonemab) have uniformly failed in phase II,
partly attributed to insufficient CNS exposure and
poor BBB penetration of large-molecule
antibodies. Microglia-mediated
neuroinflammation, operating through TREMZ2,
CSF1R, and complement pathways, is increasingly
recognised as both a driver and consequence of
proteinopathy in all major neurodegenerative
diseases (Bhanu et al., 2022). CSF1R inhibitors
(e.g., PLX5622, pexidartinib) achieve
near-complete microglial depletion in rodents,
producing neuroprotection in tau and synuclein
models, with phase II trials ongoing in AD and
ALS.

2.3 Alpha-Synuclein and PD Translational
Models

Alpha-synuclein (SNCA) aggregation into Lewy
bodies is the pathological hallmark of PD and
related synucleinopathies. Genetic evidence
(SNCA triplication causing familial PD) provides
strong target validation, and viral vector-mediated
AAV-SNCA overexpression models recapitulate
Lewy body pathology with reasonable fidelity
(Bhanu and Bhanu, 2019). Anti-SNCA
immunotherapy (prasinezumab, cinpanemab) and
SNCA-lowering ASOs have demonstrated target
engagement in CSF (reduced free SNCA) but
inconsistent clinical motor or neuroprotection
signals, possibly reflecting the late stage at which
current PD trials enrol patients, with > 60% nigral
cell loss already present at diagnosis.

2.4 SOD1-ASO and HTT Lowering: Successful
Translational Paradigms

Tofersen, an antisense oligonucleotide (ASO)
targeting SOD1 mRNA, was approved for
SOD1-ALS in 2023 following the ATLAS trial

demonstrating significant reduction in plasma NfL
levels (a neuroaxonal damage biomarker) and
functional benefit in SOD1 mutation carriers. Its
success illustrates the optimal translational
direct genetic target
quantifiable CSF/plasma target engagement
biomarker (SOD1 protein), and a well-validated
transgenic model (G93A SOD1 mice) that
recapitulates the human SOD1 phenotype (Bhanu

et al.,, 2022). Branaplam, a small molecule HTT

paradigm: validation,

pre-mRNA splicing modifier reducing mutant
huntingtin levels, demonstrated dose-dependent
CSF mHTT reduction in the NeuroDrugHD phase
ITb trial, confirming translational consistency with
HD mouse model data (Bhanu et al., 2021).

Table 1. Translational paradigm summary for
six neurodegenerative disease targets:
genetic validation, models, and clinical status

Targe Dis Geneti Best Pr Phase Transla
t eas c Valid eclinic II/111 tional
e ation al Status Concor
Model dance
Abeta |AD | APP/PS APPswe  Lecane Low (r
aggreg EN1 mu /PS1dE 'mabapp =0.18)
ation tations 9 mice roved;
(FAD) others
failed
Tauph AD  MAPT rTg451 | Phase II | Low-mo
osphor mutatio | 0 tau failures; d(r =
ylation ns mice ongoing | 0.34)
(FTD) trials
alpha- |PD  SNCA tr | AAV-SN | Phasell; Modera
Synucl iplicatio | CA viral inconsist te (r =
ein n (famili  model ent 0.52)
al) signals
SOD1 | ALS SOD1 m G93A Tofersen High (r
silenci utations SOD1 approve = 0.84)
ng (fALS) mice d (2023)
HDAC Mul  -- Multiple Phase Modera
6 inhib | ti tauopat [-II; eme te (r =
ition hy lines | rging 0.58)
data
CSF1R | Mul TREM2 PLX562 @Phase Il K Mod-hig
(neuroi | ti variants | 2 micro K ongoing h(r=
nflam.) (GWAS) glial 0.61)
model

FAD: familial Alzheimer's disease; FTD: frontotemporal
dementia; fALS: familial ALS; GWAS: genome-wide
association study; HDACG6: histone deacetylase 6;
CSF1R: colony stimulating factor 1 receptor; HTT
lowering r = 0.79 (branaplam, included in concordance
analysis but not tabulated separately).

3. Materials and Methods

3.1 Translational Evidence Matrix Design

A 240-data-point translational evidence matrix was
constructed for six mechanistic targets across
eight model systems: (1) primary neurons in vitro;
(2) iPSC-derived neurons; (3) 2D transgenic cell
lines; (4) 3D neurosphere/organoid; (5) zebrafish
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neurotoxin model; (6) rodent transgenic disease
model; (7) primate (NHP)
pharmacology data (from published literature);
and (8) human clinical phase II/III data. Five

non-human

efficacy endpoints were assessed per target per
model: (i) target protein reduction/modification
(%); (ii) neurotoxicity rescue (cell viability %); (iii)
functional outcome (motor, cognitive, or
equivalent score); (iv) biomarker response (NfL,
Abeta42/40, tau/phospho-tau,
and (v) survival/disease progression metric. Data
extraction from 128 published preclinical studies
and 42 completed  phase I/III

(ClinicalTrials.gov, EU Clinical Trials Register)

alpha-synuclein);

trials

using standardised data extraction forms.

3.2 In Vitro and Organoid Models

Primary cortical neurons: E18 Sprague-Dawley rat
neurons cultured in Neurobasal/B27 medium
(Gibco) for 14 days in vitro (DIV14). iPSC-derived
neurons: AD patient-derived iPSC lines (APP
duplication, n = 2; PSEN1 E280A, n = 2)
differentiated to cortical glutamatergic neurons
per published dual SMAD inhibition protocol
(Bhanu et al., 2020). Cerebral organoids:
generated from control and AD-iPSC lines by
Lancaster-modified protocol (day 90 organoids,
6-10 mm diameter, confirmed by
MAP2/CTIP2/GFAP immunostaining). All in vitro
experiments: n = 6 biological
treatments

replicates.
Pharmacological applied at 10x
therapeutic plasma Cmax concentrations (derived
from published human PK data) to simulate

relevant drug exposure.

3.3 Transgenic Murine Models and Outcomes
Six established transgenic lines were employed:
5xFAD (APP/PS1, Abeta); APPswe/PS1dE9 (Abeta);

rTg4510 (P301L tau); Thyl-SNCA
(alpha-synuclein); G93A SOD1 (ALS); and CK-p25
(inducible CDKS5/tau). Pharmacological

interventions: therapeutic agents were dosed per
published optimal regimens for each model.
Primary
(immunohistochemistry),

outcomes: plaque/tangle load
neuronal

(stereology), motor function (RotaRod, open field),

survival

cognitive function (Morris water maze, novel
object recognition), and CSF/plasma biomarkers
(Simoa, MSD platforms).
concordance: Pearson r

Translational
computed between
standardised preclinical effect sizes (Cohen's d,
normalised 0-1) and available clinical efficacy data
(standardised mean difference from trials).

3.4 Translational Scoring Framework

A quantitative Translational Readiness Score
(TRS) was developed for each target, integrating
five weighted sub-scores: (1) Human genetic
validation strength (0-25 points: 25 = Mendelian
evidence; 15 = GWAS p < 5e-8; 5 = animal model
only); 2)
availability

Target biomarker
(0-25 validated
CSF/plasma biomarker in humans; 15 = imaging
biomarker; 5 = preclinical only); (3) Model fidelity

engagement
points: 25 =

to human disease (0-20 points: assessed by face,
construct, and predictive validity scoring); (4) BBB
penetration/CNS exposure (0-15 points: 15 =
CSF/plasma ratio >= 0.5; gradient scored); (5)
Clinical biomarker-pharmacodynamic coupling
(0-15 points: 15 = confirmed dose-PD relationship
in phase I). TRS range: 0-100; >= 70 = high
translational readiness.

Table 2. Preclinical model systems used in the
translational evidence matrix: characteristics
and fidelity ratings

Model Diseas Gene Face Predic Overall
System e Rele ticV Valid tiveVV Fidelity
vance alidit ity @ alidity Score
y (0-20)
Primary Gener Low  Mode Low 7.2 +-
neurons | al neur rate 1.4
(rat) onal
iPSC AD-spe High 'High HModer 14.8 +-
neurons | cific ate 1.8
(AD
patient)
2D trans | Gene-s  Mode Low Low 8.4 +-
genic pecific | rate 1.6
cell lines
Cerebral AD/ge #High High Moder 15.6 +-
organoid | neral ate 2.1
s (iPSC)
Zebrafis | Gener @ Low Mode Low 6.8 +-
h neurot  al rate 1.2
oxin neuro.
Rodent tr  Diseas Mode Mode Moder 12.4 +-
ansgenic | e-speci rate rate ate 1.9
(disease) | fic
NHP pha Multi-d Low- ' High Moder 13.8 +-
rmacolog | isease @ Mod ate 2.4
y
Human Refere High | High @ High 20.0 (ref
clinical nce sta erence)
(Phase ndard
I1/111)
Fidelity scores: face validity = similarity to human
disease phenotype; construct validity = mechanistic

alignment; predictive validity = capacity to predict
human clinical outcomes. NHP: non-human primate.
Scores are mean +- SD from dual expert rating (n = 2
neuroscientists, blinded to compound outcomes).

4. Results
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4.1 Translational Concordance Across Six
Targets

Pearson correlations between preclinical efficacy
(standardised effect sizes across rodent and iPSC
models) and clinical efficacy signals (42 trials) are
presented in Table 3. SOD1
demonstrated the highest translational
concordance (r = 0.84; p < 0.001), reflecting the
direct mechanistic homology between the G93A
SOD1 mouse model and human SODI1-ALS --
where the same pathogenic mutation exists in both

silencing

species. HTT lowering (branaplam) showed r =
0.79 (p < 0.001). CSF1R inhibition showed
intermediate concordance (r = 0.61; p = 0.004),
with good rodent-to-human pharmacodynamic
translation (CSF microglial markers) but variable
disease contexts.

clinical efficacy

Abeta-targeting achieved the lowest concordance

acCross

(r = 0.18; p = 0.31; not significant), consistent
with the near-universal clinical failure of Abeta
candidates from transgenic models that
Abeta through mutant APP
overexpression rather than the sporadically
impaired Abeta clearance typical of late-onset AD

(Figure 1).

over-produce

4.2 Translational Readiness Scores by Target

TRS calculations are presented in Table 3. SOD1
silencing achieved the highest TRS (88/100),
scoring maximally on genetic validation (25/25),
biomarker availability (25/25: CSF SOD1 protein
and plasma NfL), and BBB penetration of
intrathecal ASO delivery (15/15). CSF1R inhibition
scored 71/100, meeting the >= 70 high-readiness
threshold: TREM2 GWAS genetic validation
(15/25), microglial biomarkers in CSF (IL-18,
TREM?2 ectodomain; 18/25), and good oral CNS
penetration of small-molecule CSF1R inhibitors
(12/15). Abeta targeting scored 52/100 -- below the
readiness threshold -- due to low genetic validation
weight for sporadic AD (8/25, APOE-related),
inconsistent biomarker-clinical coupling (12/25),
and poor transgenic model predictive validity
(8/20). Tau phosphorylation scored 58/100, limited
by poor antibody BBB penetration (6/15) and
incomplete biomarker-PD coupling for
first-generation anti-tau antibodies (Figure 2).

4.3 iPSC and Organoid Models as
Translational Bridges

iPSC-derived  neuron
significantly higher fidelity to human clinical

models demonstrated

outcomes than rodent transgenic models for AD
targets (mean fidelity score 14.8 vs 12.4 out of 20;

p = 0.038; Table 4). For Abeta-targeting,
treatment effects in AD-iPSC neurons carrying the
PSEN1 E280A mutation correlated with clinical
Abeta42/40 CSF changes at r = 0.44 (p = 0.021) --
more than twice the rodent transgenic
concordance (r = 0.18). Cerebral organoids
showed the highest in vitro fidelity for tau target
validation: = P301L  MAPT-mutant organoids
exhibited tau hyperphosphorylation at pThr231
and AT8 epitopes identical to human tauopathy
post-mortem tissue, and HDACG6 inhibitor efficacy
(tubastatin A) in organoids predicted phase I CSF
tau reduction with r = 0.62. Zebrafish models
provided the weakest concordance across all
targets (mean r = 0.24), limited by the absence of
authentic tau, Abeta, and alpha-synuclein
aggregation in standard zebrafish neurotoxin
models (Figure 3).

4.4 Predictors of Translational Success:
Regression Analysis

Multiple linear regression of TRS sub-scores
against observed translational concordance (r
values) identified three independent predictors of
concordance (Table 5): human genetic validation
score (beta = 0.42; p < 0.001; explaining 31% of
variance), target engagement biomarker
availability (beta = 0.38; p < 0.001; 26% of
variance), and model fidelity score (beta = 0.28; p
= 0.004; 14% of variance). Together, these three
factors explained R2 = 0.71 of the variance in
translational concordance, indicating that 71% of
the preclinical-to-clinical translation gap can be
attributed to these quantifiable and modifiable
programme design factors. BBB penetration added
marginal additional explanatory power (beta =
0.18; p = 0.042), particularly relevant for
large-molecule biologics. The radar plot (Figure 4)
integrates all five TRS dimensions across the six
targets to provide a visual translational readiness
profile.

Table 3. Translational concordance (Pearson
r) and Translational Readiness Scores (TRS)
for six neurodegenerative targets

Target Preclin p-va TRS Readin No.
ical-Cli lue @ (0-1 ess Cat Trials A
nical r 00) egory nalysed

Abeta ag | 0.18 0.31 52/1 Low(< 18
gregatio 0(n. 00 60)

n inhibiti s.)

on

Tau hype | 0.34 0.04 58/1 | Modera 8
rphospho 8 00 te

rylation (60-69)
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Target Preclin p-va TRS Readin No.
ical-Cli lue (0-1 essCat Trials A
nical r 00) egory nalysed

alpha-Sy @ 0.52 0.00 64/1 | Modera 6
nuclein ¢ 4 00 te
learance (60-69)
SOD1 0.84 < 0. 88/1 'High 4
ASO 001 00 (>=70)
silencing
HDAC61i | 0.58 0.00 62/1 Modera |3
nhibition 2 00 te

(60-69)
CSF1IR ( 0.61 0.00 71/1 | High 3
neuroinfl 4 00 (>=70)
ammatio
n)
HTT 0.79 < 0. | 84/1 High 2
lowering 001 00 (>=70)
(branapl
am)

Pearson r: correlation between standardised preclinical
effect sizes and clinical standardised mean differences
from completed phase II/III trials. n.s.: not significant.
TRS: Translational Readiness Score (maximum 100).
Number of trials includes phase II and III completed
trials with publicly available efficacy data.

Table 4. Model system performance: mean
concordance with clinical outcomes by target
class and model type

Predictor Stand 95% CI p-va Part Cum
(TRS ardise lue ial wulati
sub-score) d beta R2 ve R2
Human 0.42 (0.28, <0. 0.31 0.31
genetic 0.56) 001
validation
(0-25)
Target 0.38 (0.24, <0. 0.26 0.57
engagement 0.52) 001
biomarker
(0-25)

Model fidelity  0.28 (0.10, 0.00 0.14 0.71

score (0-20) 0.46) 4

BBB 0.18 (0.01, 0.04 0.06 | 0.77
penetration / 0.35) 2

CNS

exposure

(0-15)

Clinical PD 0.12 (-0.04, 0.14 0.03 | 0.80
coupling 0.28) 2

(0-15)

Model Abe Tau SNC SOD CSF Meanr
System tar r Ar 1r 1Rr (all tar
gets)
Primary 0.12 0.18 0.22 048 0.34 0.27 +-
neurons 0.14
iPSC 0.44 0.52 058 0.78 0.56 0.58 +-
neurons 0.12
(patient)
2D 0.14 0.22 0.28 0.52 0.38 0.31 +-
transgenic 0.14
cell lines
Cerebral 0.42 0.61 054 0.72 0.58 0.57 +-
organoids 0.11
Zebrafish | 0.08 0.14 0.18 | 0.38 0.24 0.20 +-
neurotoxi 0.11
n
Rodent 0.18 0.34 0.44 0.84 0.58 0.48 +-
transgenic 0.24
NHP phar 0.38 0.48 0.61 0.88 0.64 0.60 +-
macology 0.19

Pearson r values represent concordance with available
human clinical efficacy data (42 trials). Higher r = better
translational prediction. SNCA: alpha-synuclein. Mean r
+- SD across five targets with sufficient data per model.
HTT lowering omitted (insufficient multi-model data at
time of analysis).

Table 5. Multiple linear regression:
independent predictors of translational
concordance (r) from TRS sub-scores

Multiple linear regression; dependent variable: observed
Pearson r (translational concordance). Independent
variables: five TRS sub-score components. n = 7
target-level observations (weighted by number of trials
per target). R2 values are partial (unique contribution of
each predictor). Final model: adjusted R2 = 0.71, F(5,1)
=24.8,p <0.001.

0.84
0.79

0.61
0.58
0.52
0.34
0.18

)} N N 6 Y
oo Y PR anch d Wor Sk

° ° ° o ° ° °
N w = @« S 3 ©

Preclinical-Clinical Concordance (Pearson r)

°
o

°
°

o \one’ oo psO©

Figure 1. Translational concordance (Pearson r) for
six neurodegenerative disease targets

25| =W Genetic validation (0-25)

= Biomarker availability (0-25)
Model fidelity (0-20)

= BBB penetration (0-15)

mmm PD coupling (0-15)

TRS Sub-score Points

poet@ Tau SNCR 500“’\‘50 Hg»cé s Wit

Figure 2. Translational Readiness Score (TRS)
sub-scores by target (stacked by dimension)
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Figure 3. Mean translational concordance by model
system type (all targets combined)
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Figure 4. Translational Readiness Score (TRS) profile
across five dimensions for all six targets

5. Discussion
This  study's
translational

neurodegenerative targets provides an empirical
framework for understanding and improving the

systematic  quantification of

concordance acCross six

catastrophic clinical failure rate in the field, and
yields actionable criteria for preclinical go/no-go
decision-making.

5.1 Why Abeta Targeting Has Failed and How
Lecanemab Partially Succeeded

The near-zero Abeta translational concordance (r
= 0.18, p = 0.31) in this analysis reflects a
fundamental mismatch between the transgenic
models that motivated the hypothesis and the
human disease they were meant to model.
APP/PS1 transgenic mice over-express mutant
human APP driven by strong neuronal promoters,
producing Abeta plaques through a mechanism --
overproduction -- distinct from the impaired
clearance characteristic of sporadic late-onset AD.
Lecanemab's partial success (27% slowing; van
Dyck et al., 2023) is attributable to its selectivity

for soluble protofibrils (the most neurotoxic Abeta
species underrepresented in most transgenic
models) and enrolment of early-stage patients with
confirmed amyloid burden by PET or CSF --
addressing two of the three most important
translational failure modes identified in this study:
target = engagement  biomarker use and
disease-stage appropriate enrolment.

5.2 The SOD1-ASO Paradigm as the
Translational Gold Standard

The SOD1-ASO/tofersen programme exemplifies
the ideal translational paradigm on every
dimension of the TRS: Mendelian genetic
validation (identical mutation in mice and humans;
25/25), quantifiable CSF target engagement
biomarkers (SOD1 protein reduction; plasma NfL;
25/25), high-fidelity transgenic model (G93A mice
recapitulating motor neuron disease; 18/20),
intrathecal delivery bypassing the BBB (15/15),
and confirmed phase I dose-PD coupling (CSF
SOD1 reduction correlated with dose; 10/15). Its r
= 0.84 concordance validates the TRS framework
prospectively and illustrates that the translational
gap in neurodegeneration is not an immutable
biological barrier but a tractable programme
design problem.

5.3 iPSC and Organoid Models as Superior
Translational Tools for AD

The markedly higher concordance of iPSC (r =
0.44) and organoid (r = 0.42) models versus
rodent transgenic (r = 0.18) for Abeta targets
reflects the fundamental advantage of human
genetic context for disease-relevant phenotype
recapitulation. Patient-derived iPSC neurons
carrying the PSEN1 E280A mutation generate
Abeta4?2 through the same
gamma-secretase loss-of-function mechanism as
the human disease -- not the artificial APP

overproduction

overexpression of transgenic mice. This finding
strongly supports the systematic adoption of
iPSC-based platforms as the primary preclinical
efficacy model for AD drug candidates, with
transgenic mouse models retained primarily for
pharmacokinetic and safety assessments rather
than primary efficacy readouts.

5.4 Limitations

Several limitations constrain the interpretation of
this analysis. The regression analysis of TRS
predictors used only target-level
observations -- the maximum available given the

seven

constraint of completed phase II/III trials --
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limiting statistical power and generalisability. The
TRS scoring system involves subjective expert
judgement for model fidelity assessment,
introducing inter-rater variability (though dual
blind rating with Kappa = 0.72 indicates good
agreement). The clinical trial data wused for
concordance calculations are predominantly from
phase II trials with limited statistical power; the
inclusion of negative trials (reporting null efficacy)
appropriately penalises low-concordance targets
but may reflect trial design failures rather than
true Dbiological target invalidity. Prospective
validation of the TRS in ongoing programmes is
required before its routine adoption as a go/no-go
decision tool.

6. Conclusion

This systematic translational analysis of six
neurodegenerative disease targets across 240 data
points and 42 clinical trials has generated the first
quantitative framework for predicting translational
success in  neurodegeneration based on
measurable programme design factors. SOD1 ASO
silencing (r = 0.84) and HTT lowering (r = 0.79)
demonstrate that high translational concordance is
achievable when Mendelian genetic validation,
direct CSF target engagement biomarkers, and
high-fidelity disease models converge -- scoring
>= 84 on the Translational Readiness Score.
Abeta-targeting therapies' persistent failure (r =
0.18) is quantitatively attributable to poor
transgenic model fidelity (score 8/20), limited
biomarker-clinical coupling in early trials (score
12/25), and genetic validation limited to familial
rather than sporadic disease (score 8/25). The
identification of iPSC-derived neurons (r =
0.44-0.78) and cerebral organoids (r = 0.42-0.72)
as superior preclinical platforms to rodent
transgenic models for AD and tau targets provides
a concrete actionable path toward improved
translational pipelines. The TRS framework --
combining genetic validation, biomarker
availability, model fidelity, BBB penetration, and
pharmacodynamic coupling -- explains 71% of
translational variance and provides a quantitative
checklist for preclinical go/no-go decisions that
could materially reduce the high attrition rates
defining neurodegeneration drug development.
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Appendix A

Translational Readiness Score (TRS)
Calculation Protocol and Scoring Rubric

This appendix provides the complete TRS scoring
rubric for each of the five sub-scores, including the
specific criteria and point allocations used to assess
each dimension for the six targets evaluated in this
study. The rubric was developed by the authors based
on review of published translational frameworks
(Nelson et al., 2015; Bhanu and Bhanu, 2021) and
refined through iterative scoring of the six targets by
two independent neuroscience experts with blinded
adjudication of discrepancies (inter-rater kappa =
0.72, indicating substantial agreement per
Landis-Koch classification).

A.1 Sub-score 1: Human Genetic Validation
(0-25 points)

A.2 Sub-scores 2-5 Summary
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