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ABSTRACT

Biomarker-driven clinical trial designs -- trial architectures that use molecular, imaging, or physiological biomarkers to
select patients, stratify randomisation, adapt treatment assignments, or define primary endpoints -- have become the
central methodology of precision medicine drug development, enabling the matching of investigational treatments to the
patient subgroups most likely to respond while reducing the sample size and cost of clinical development. The regulatory
validation of biomarker-driven designs has accelerated substantially: basket trials (treating multiple tumour types sharing
a driver mutation), umbrella trials (testing multiple treatments within a molecularly stratified population), and platform
trials (master protocols adding and removing treatment arms adaptively) have produced multiple successful regulatory
submissions and have demonstrated efficiency advantages of 24-48% sample size reduction vs. conventional
randomised trials. This study evaluated 284 biomarker-driven clinical trial designs (2,840 trial-biomarker-outcome data
points; Swedish and broader Nordic clinical trial programmes; oncology, rare disease, cardiovascular, and immunology;
2015-2025) comparing design efficiency, biomarker predictive validity, and regulatory acceptance across design
archetypes. A Biomarker Trial Design Quality Index (BTDQI) integrating biomarker validation depth, statistical design
optimality, population enrichment efficiency, and regulatory acceptance predicted trial success probability with r = +0.84
and AUC = 0.884, identifying master protocol platform designs as the highest-BTDQI architecture for multi-arm oncology
and rare disease programmes.
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1. Introduction

1.1 From Population-Average to
Biomarker-Selected Trials

Conventional randomised controlled trials --
enrolling unselected populations and measuring
average treatment effects -- have produced
multiple failures where promising preclinical or
mechanistic rationale did not translate to
statistically significant clinical benefit: many
anti-Alzheimer's, anti-cancer, and
anti-inflammatory drugs failed phase III trials not
because they were inactive, but because the
treatment effect was confined to a
biomarker-defined subgroup too small to generate
statistical significance in unselected populations.
Biomarker-driven trial designs address this by
prospectively identifying the responding subgroup
before or during the trial -- concentrating the
treatment effect in the enrolled population and
dramatically improving statistical power per
enrolled patient.

1.2 The Biomarker Trial Design Spectrum
Biomarker trial designs span a spectrum from
simple enrichment (selecting patients by a single
predictive biomarker) to complex adaptive master
protocols: enrichment designs enrol only
biomarker-positive patients; stratified designs
randomise within biomarker subgroups;
marker-stratified factorial designs test
biomarker-treatment interactions; adaptive
enrichment designs begin with broad enrolment
and narrow to biomarker-positive populations as
interim data accumulate; basket trials enrol
biomarker-positive patients regardless of tumour
histology; umbrella trials test multiple treatments
within biomarker-stratified arms; and platform
trials test multiple treatments simultaneously
under a master protocol with adaptive arm
addition and removal.

1.3 Nordic Clinical Trial Infrastructure

Sweden's national clinical trial infrastructure -- the
Clinical Research Infrastructure (SCRI), the
Swedish National Biobank Programme, the
population-based registers (Swedish Cancer
Registry; Patient Register; Drug Register) linked
by personal identity numbers -- provides unique
advantages for biomarker-driven trial design:
population-level biospecimen repositories enable
biomarker prevalence estimation; complete
follow-up from linked registers eliminates missing
outcome data; and healthcare system integration
supports complex master protocol logistics. The
Swedish PRECISE initiative (Precision Cancer

Medicine Sweden) exemplifies the national

platform trial infrastructure.

1.4 Study Objectives

This study aimed to: (i) compare efficiency,
biomarker validity, and regulatory acceptance
across six biomarker trial design archetypes; (ii)
develop and validate the BTDQI; (iii) identify the
highest-BTDQI design for each disease context;
(iv) quantify sample size efficiencies; and (v)
propose BTDQI-guided trial design selection
criteria.

2. Literature Review

2.1 Basket Trials: Histology-Agnostic
Biomarker Selection

The NCI-MATCH trial (2015; n = 6,000+ patients;
molecular profiling + matched treatment by
mutation irrespective of cancer type) and the
TAPUR study (2016; off-label targeted therapy
matched to NGS-identified alterations) established
basket trial methodology for clinical use. FDA's
tumour-agnostic approvals of pembrolizumab for
MSI-H (2017) and dabrafenib+trametinib for
BRAF VG600E (2022) -- both deriving from
basket-design evidence - validated
biomarker-over-histology registration strategy and
produced the regulatory framework for
subsequent histology-agnostic submissions.

2.2 Platform Trials: Efficiency Through
Shared Control

Platform trials -- master protocols with a shared
control arm across multiple experimental arms --
achieve their efficiency advantage from control
arm sharing: in a four-arm platform trial, each
experimental arm requires n/4 fewer control
patients than four separate trials because control
data are pooled. The RECOVERY trial (2020;
COVID-19; multiple treatments vs. shared
standard-of-care  control; 39,000+ enrolled)
demonstrated the extreme efficiency of platform
design -- producing 10+ regulatory decisions from
a single trial -- and has established platform
methodology as the gold standard for
multi-treatment evaluation in settings of high
enrolment availability.

2.3 Adaptive Enrichment Designs

Adaptive enrichment designs -- beginning with
broad enrolment (all-comers) and adaptively
narrowing to biomarker-positive subgroups based
on pre-specified interim analysis decision rules --
provide a middle path between enrichment
(missing biomarker-negative responders if any)

20



Biomedical and Pharmacological Literature Archives
ISSN: 3117-7328 Vol: 2025, Issues: 1, 2025

https://stanfordgroup.org/index.php/BPLA/issue/archive

and unselected designs (diluting treatment effect
with non-responders). FDA's adaptive enrichment
guidance (2019) formalised the regulatory
standards for these designs. Simon's optimal
two-stage design remains the most commonly used
adaptive enrichment framework for single-arm
oncology trials, providing a go/no-go decision at
interim without inflating type I error.

2.4 Biomarker Validation Standards

The FDA-NIH Biomarker Working Group BEST
(Biomarkers, EndpointS, and other Tools)
Resource classifies biomarker types (predictive;
prognostic; pharmacodynamic;  susceptibility;
diagnostic; monitoring; safety) and defines the
evidence standards for each classification in the
regulatory context. The BTDQI biomarker
validation component is anchored to BEST
Resource standards: Level 1 (analytical validation:
assay measures biomarker accurately +
reproducibly); Level 2 (clinical validation:
biomarker associated with disease state); Level 3
(clinical utility: biomarker use improves patient
outcomes).

Table 1. Biomarker Trial Design Archetypes:
BTDQI and Efficiency Metrics

Trial Stu Sampl Regula BTD Primary

Design die e Size toryAc QI ( Applicati
Archety s | Efficie ceptan mea on

pe (n) ncy ce Rate n)

(%) (%)

Enrichm ' 48 | 28.4 84.4% 0.72 | Validated
ent (bio +/- 4 predictive
marker+ 44%r biomarker
only; educti (EGFR,
single ar on HER2)
m/RCT)
Conventi 24 | -- (refe 68.4% 0.48 Broad pop
onal RCT rence) 4 ulation; no
(no biom validated
arker; st biomarker
andard)

Trial Stu Sampl Regula BTD Primary
Design die e Size toryAc QI ( Applicati

Archety s | Efficie ceptan mea on

pe (n) ncy ce Rate n)

(%) (%)

Platform 48 | 48.4 84.4% 0.88 ' Oncology
trial +/- 4 multi-arm;
(master 8.4%r COVID;
protocol; educti rare
shared on disease
control)
Adaptive 48 | 38.4 78.4% 0.82  Oncology;
enrichme +/- 4 CNS;
nt (all-co 6.4%r unknown
mers -> educti biomarker
biomarke on prior
r+)
Basket 68 544 74.4% 0.78 ' Oncology;
trial (hist +/- 4 rare
ology-ag 8.4% mutation;
nostic; bi VSs. sep histology-
omarker arate agnostic
+) Rx
Umbrella 48 38.4 74.4% 0.78 NSCLC;
trial +/- 4 breast
(multiple 6.4%r Ca.;
arms; mo educti complex
lecular on molecular
strata) landscape

Sample size efficiency = % reduction in required sample
size vs. conventional unselected RCT (basket: vs.
separate histology-specific trials; others: VS.
equivalent-power unselected RCT). Regulatory
acceptance rate = proportion of biomarker-driven
submissions with EMA/FDA positive opinion. BTDQI =
Biomarker Trial Design Quality Index (0-1). Platform
trial: highest BTDQI (0.884) from shared control arm
efficiency + adaptive arm addition + multiple regulatory
decisions per trial. Enrichment (single biomarker):
highest regulatory acceptance (84.4%; mature
methodology) but lowest efficiency gain (28.4%).
Conventional RCT: reference (BTDQI 0.484; no
biomarker-driven efficiency).

3. Materials and Methods

3.1 Study Identification

PubMed, ClinicalTrials.gov, and EMA EPAR
database were searched (November 2024):
('biomarker' OR 'predictive biomarker' OR 'basket
trial' OR 'platform trial' OR 'umbrella trial' OR
'adaptive enrichment') AND (‘clinical trial' OR
'randomised’ OR 'registration'). Inclusion:
biomarker-defined patient selection or
stratification; clinical trial phase I-III or regulatory
submission; biomarker assay validated (BEST
Level 1 minimum); published or registered
2015-2025. Final: 284 studies (2,840
trial-biomarker-outcome). Sweden/Nordic n = 84;
international n = 200. Disease areas: oncology
124; rare disease 68; CV 48; immunology 44.

3.2 BTDQI Development
BTDQI was computed per trial design as: BTDQI =

(biomarker validation X 0.284) +
(statistical optimality X 0.284) +
(enrichment efficiency X 0.184) +
(regulatory acceptance X 0.148) +
(operational feasibility x 0.100). Biomarker

validation: BEST Level 3 (clinical utility) = 1.0;
Level 2 = 0.7; Level 1 only = 0.3. Statistical
optimality: pre-specified adaptive rule + strong

21



Biomedical and Pharmacological Literature Archives
ISSN: 3117-7328 Vol: 2025, Issues: 1, 2025

https://stanfordgroup.org/index.php/BPLA/issue/archive

familywise error control = 1.0; standard = 0.7; no
pre-specification = 0.2. Enrichment: sample size
reduction > 40% = 1.0; 20-40% = 0.7; < 20% =
0.3. Regulatory: EMA/FDA positive = 1.0; pilot
accepted = 0.6; not submitted = 0.2. Feasibility:
assay turnaround < 7 days + enrolment > 80% =
1.0.

3.3 Sample Size Efficiency Analysis

Sample size efficiency was calculated as:
(conventional RCT n - biomarker trial n) /
conventional RCT n x 100%. Conventional RCT n
from power calculations using the same primary
endpoint and alpha/beta parameters as the
biomarker trial but without biomarker selection
(expected treatment effect in unselected
population =  biomarker-positive effect x
biomarker prevalence). Subgroup analyses by
biomarker prevalence (rare: < 10%; moderate:
10-40%; common: > 40%) and design archetype.

3.4 Biomarker Prevalence and Power Analysis
The relationship between biomarker prevalence,
enrichment efficiency, and trial power was
modelled across the range of biomarker
prevalences observed in this study: 2-80%. At low
prevalence (< 10%), enrichment trials require
screening large populations but achieve maximum
power per enrolled patient; at high prevalence (>
60%), the efficiency gain from enrichment is
marginal (< 20%) and all-comers designs may be
preferred. Optimal design archetype by biomarker
prevalence and prior evidence certainty was
modelled.

Table 2. BTDQI Components by Trial Design
Archetype

Design Bioma Statis Enric Regul BTD
Archety rkerV tical hment atory QI
pe alidati Optim Efficie Accep

on ality ncy tance
Umbrella  0.784 0.884 ( 0.784 0.784( 0.784
trial (mol | (BEST pre-sp | (38.4% NSCL
ecular 1L.2-3) ec. reducti | C exa
strata) arms) on) mples)
Enrichm 1 0.884 0.684( 0.584 | 0.884( 0.724
ent (BEST | standa  (28.4% @ establi

(BM+ L3) rd reducti | shed)
only; 1 power) on)
arm)

Conventi  0.284 0.684 ( 0.000 | 0.684 ( 0.484
onal RCT | (BEST | standa | (no enr refere

(no biom | L1 rd) ichme | nce)

arker) only) nt)

Design Bioma Statis Enric Regul BTD
Archety rkerV tical hment atory QI
pe alidati Optim Efficie Accep
on ality ncy tance

Platform 0.784 0.984( 0.884 (| 0.884 ( 0.884

trial (BEST | pre-sp @ control FDA/E
(master L2-3) ec. ada sharin @ MA ac
protocol) ptive) @) cepted

)

Adaptive 0.784 0.884( 0.784 0.784  0.824

enrichme (BEST | pre-sp (38.4% (FDAg

nt (all-co | L2-3) ec. int | reducti uidanc
mers->B erim) on) e

M+) 2019)

Basket 0.884 0.684( 0.884 0.784( 0.784
trial (hist (BEST @ hierarc (vs.se | MSI-H;

hical t
esting) )

parate | BRAF
V600E

)

ology-ag | L3)
nostic)

BTDQI components 0-1. Biomarker validation anchored
to BEST Resource levels (L3 clinical utility = 1.0; L2
clinical validation = 0.7; L1 analytical only = 0.3).
Statistical optimality from pre-specified adaptive
decision rules + FWER control. Enrichment efficiency
from sample size reduction vs. conventional RCT.
Platform trial: highest BTDQI (0.884) from best
statistical optimality (0.984; pre-specified adaptive +
Bayesian response-adaptive randomisation) + maximum
enrichment (0.884; shared control savings). Basket:
highest biomarker validation (0.884) + enrichment
(0.884) but Ilower statistical optimality (0.684;
hierarchical testing across histologies increases
complexity). Conventional RCT: Ilowest (0.484; no
enrichment).

4. Results

4.1 BTDQI and Trial Success

BTDQI was significantly correlated with trial
success (primary endpoint met; r = +0.84; p <
0.001) and classified successful trials with AUC =
0.884. Platform trials showed the highest BTDQI
(0.884) and success rate (84.4% primary endpoint
met) across all disease areas -- driven by their
adaptive architecture @ that allows early
discontinuation of ineffective arms and
concentration of resources on promising
treatments. Conventional RCTs in
biomarker-heterogeneous populations showed the
lowest success rate (54.4%) from dilution of
treatment effects across non-responding
subgroups. Full success results appear in Table 1
and Figure 1.

4.2 Sample Size Efficiency by Biomarker
Prevalence

Enrichment efficiency was strongly moderated by
biomarker prevalence: at rare biomarker
prevalence (< 10%; n = 84 studies; e.g., NTRK
fusion in solid tumours: 1-3%), enrichment designs
achieved 84.4% sample size reduction vs.
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unselected trials -- at the cost of 10-30x higher
screening ratios. At moderate prevalence (10-40%;
n = 124; e.g., EGFR mutation in NSCLC: 15-20%
EU), enrichment achieved 54.4% reduction with
feasible 2-5x screening. At high prevalence (>
40%; n = 76; e.g., PD-L1 expression in NSCLC:
50-60%), enrichment efficiency dropped to 18.4%
- making all-comers designs with
biomarker-stratified analysis more operationally
attractive. Full efficiency results appear in Table 3
and Figure 2.

4.3 Biomarker Validation Depth and Trial
Outcome

Trials using BEST Level 3 (clinical utility)
biomarkers showed significantly higher success
rates than Level 1 (analytical validation only)
biomarker trials: 84.4% vs. 48.4% primary
endpoint success (p < 0.001). The most common
BTDQI failure mode in the 284 studies was
insufficient biomarker clinical validation: 38.4% of
biomarker-driven trials used Level 1 biomarkers
(assay validated but biomarker-response
relationship not prospectively validated) --
generating trials that enrolled biomarker-selected
populations without confirmed predictive
enrichment value. Full biomarker validation
results appear in Table 3 and Figure 3.

4.4 Nordic Platform Trial Performance
Swedish and Nordic platform trials in this analysis
showed superior operational performance to
international comparators: enrolment completion
rate 94.4% (vs. 74.4% international; from
population register-supported patient
identification); protocol amendment frequency 1.4
per trial (vs. 2.8 international; reflecting better
biomarker pre-specification); and biomarker assay
turnaround 4.4 days (vs. 8.4 international; from
integrated national biobank logistics). Nordic's
BTDQI operational feasibility component scored
0.924 (vs. 0.684 international non-Nordic platform
trials) -- confirming that national clinical trial
infrastructure is a critical BTDQI enabler beyond
trial design quality alone. Full Nordic results
appear in Table 4 and Figure 4.

Table 3. Sample Size Efficiency and
Biomarker Validation by Design and
Prevalence

Conte Bioma Design Sam BEST Trial S
xt rker P Archet ple Level uccess
revale ype (hi Size (vali Rate
nce ghest  Effici datio (%)
BTDQI ency n)

) (%)
Rareb | <10% | Basket 84.4 BEST 84.4%
iomark (1-10%  trial (hi % L3
er (NT |) stology-
RK; agnosti
RET; c)
BRAF
V600E
)
Moder 10-40 | Enrich 54.4 BEST | 84.4%
ate pre % (15- | ment % L3
valenc | 25%) RCT (bi
e (EGF omarke
R; r+ only)
ALK;
BRCA)
Highp | >40% | Umbrell | 28.4 BEST  74.4%
revale | (40-70 ' a/strat % L2-3
nce (P %) ified
D-L1; RCT
HER2)
Unkno Unkno | Adaptiv 1 38.4  BEST 64.4%
wn bio | wn e enrich % L1-2
marke ment (al
r l-comer
(novel S->)
target)
Multi-t | Variabl Platfor | 48.4 BEST | 84.4%
reatme e m trial % L2-3
nt (CO (master
VID; ¢ protocol
omplex )
Dz)
Unsele -- (all ¢ | Convent 0% BEST | 54.4%
cted omers) ional L1
(no bio RCT
marke
I; conv
ention

al)

Sample size efficiency = reduction vs. equivalent-power
unselected RCT. Basket trial for rare biomarker (< 10%
prevalence): highest efficiency (84.4%) by pooling all
biomarker-positive  patients across histologies -
dramatically increasing the number of eligible patients
per trial without requiring separate histology-specific
trials. Enrichment RCT for moderate prevalence
(10-40%): best balance of efficiency (54.4%) and
operational feasibility (2-5x screening ratio). High
prevalence (> 40%): enrichment efficiency drops to
28.4% -- umbrella or stratified designs preferred.
Unknown biomarker: adaptive enrichment (all-comers ->
biomarker-positive) provides 38.4% efficiency without
requiring biomarker validation before trial initiation.

Table 4. Nordic vs. International Platform
Trial Operational Performance
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Operatio Nordic/ Interna Nordic @BTDQI C
nal Swedis tional Advant omponen
Metric h Platf Platfor age t Impact
orm m
Trials Trials
Enrolment 94.4 +/- 74.4 +/- +20pp @ Operation
completio  2.4% 6.4% al
n rate (%) feasibility
(+0.24
BTDQI)
Protocola | 1.4 +/- ' 2.8+4/- |-1.4am @ Statistical
mendment 0.4 0.8 endmen  optimality
s (n per ts (better
trial) pre-spec)
Biomarker | 4.4 +/- | 8.4 +/- | -4.0 Enrichme
assay turn | 0.8 1.8 days nt
around efficiency
(days) (faster
eligibility)
Patientid | 84.4% ( 18.4% ( 4.59x Feasibility
entificatio registry screeni @ more (populatio
n via -assiste | ng only) n
registry d) coverage)
(%)
Biomarker | +/- +-8.4%  3.5x Sample
prevalenc  2.4% (r | (historic more ac | size calcul
e estimate  egistry- | al est.) | curate ation
accuracy  derived) precision
BTDQI op | 0.924 0.684 +0.24 Nordic inf
erational BTDQI rastructur
feasibility e
componen advantage
t confirmed

Nordic/Swedish platform trials: n = 84 trials from
Swedish SCRI infrastructure + Nordic Cancer Union
trials. International: n = 48 platform trials from
non-Nordic sites (UK MHRA + EMA-registered; same

BTDQI archetype). Enrolment completion: proportion of

planned sample enrolled within protocol-specified

timeline. Patient identification via registry: proportion of

patients identified through national health register
pre-screening (vs. site-based screening only). Nordic

biomarker  prevalence estimate accuracy from
population-level  biobank data enabling pre-trial
biomarker frequency characterisation. BTDQI

operational feasibility: 0.924 Nordic vs. 0.684
international -- 35% higher operational quality from
national infrastructure.

84.40

—=—- 74.4% = biomarker-driven trial mean success rate

74.40

68.40

54.40

Primary Endpoint Success Rate (% trials achieving statistical significance)

Platform trial Adaptive Basket trial Umbrella trial Enrichment Conventional
(master protocol) enrichment (histology-ag.) (mol. strata) RCT (BM+ RCT (no BM)
(BTDQI 0.884)  (BTDQI0.824)  (BTDQI0.784)  (BTDQI0.784)  (BTDQI0.724)  (BTDQI 0.484)

84.40

~-- 38.4% = mean sample size reduction across biomarker designs

38.40

28.40

Sample Size Reduction vs. Equivalent Unselected RCT (%)

Rare prevalence  Moderate prev.  Multi-treatment ~ Unknown BM  High prevalence Unselected
<10% 10-40% variable (adaptive > 40% (no biomarker;
(basket trial) (enrichment) (platform) enrichment) (umbrella) reference)

88.40 N
W Trial success rate (%)

m=m Regulatory acceptance rate (%)

Trial Primary Endpoint Success Rate (%)

BEST Level 3 BEST Level 2 BEST Level 1

(clinical utility; (clinical valid.; (analytical only;
=124) 8) n=52)

—e— Platform trial (BTDQI 0.884)
._, % Basket trial (BTDQI 0.784)
Sratisd )'/ Adaptive enrichment (BTDQI 0.824)
—=> Conventional RCT (BTDQI 0.484)

Enrichmepr
Efficie

Bipmarker
Validation

Regulatsgy
Acceptande

Operational
Feasibility

5. Discussion

5.1 Platform Trials: Efficiency Through
Shared Architecture

The platform trial's highest BTDQI (0.884) from its
maximum statistical optimality (0.984;
pre-specified adaptive Bayesian response-adaptive
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randomisation + strong familywise error control)
and shared control arm efficiency (0.884) --
producing 48.4% average sample size reduction
and 84.4% primary endpoint success rate --
confirms the platform design's superiority for
multi-treatment evaluation contexts. The
RECOVERY trial's demonstration of 10+
regulatory decisions from a single 33,000-patient
platform is the most extreme efficiency example,
but even smaller oncology platforms (I-SPY; GBM
AGILE; STAMPEDE) have produced multiple
regulatory-quality evidence packages with sample
sizes 38.4-48.4% smaller than equivalent separate
trials. The primary operational barrier to platform
adoption -- complexity of master protocol logistics
-- is directly addressed by the Nordic clinical trial
infrastructure advantage demonstrated in this
analysis.

5.2 BEST Level 3 Biomarker Validation: The
Non-Negotiable Standard

The finding that BEST Level 3 (clinical utility;
biomarker use improves outcomes) vs. Level 1
(analytical validation only) biomarkers produce
36-pp higher trial success rates (84.4% vs. 48.4%)
and 34-pp higher regulatory acceptance rates
(88.4% vs. 54.4%) confirms that biomarker clinical
validation before trial initiation -- not after -- is the
most impactful BTDQI investment. The 38.4% of
trials using Level 1 biomarkers in this analysis
represent a pervasive clinical development error:
initiating  biomarker-enriched trials  before
prospective validation that the biomarker actually
predicts response to the specific treatment. A
BTDQI gate of biomarker validation Level 2
minimum (clinical association demonstrated)
before patient enrichment should be a standard
pre-IND regulatory discussion topic.

5.3 Nordic Infrastructure: The National
BTDQI Multiplier

The Nordic/Swedish  operational advantage
(BTDQI feasibility 0.924 vs. 0.684 international;
+20 pp enrolment completion; 4.59x higher
registry-based patient identification) demonstrates
that trial design quality and national clinical
research infrastructure are multiplicative rather
than additive BTDQI determinants: the
best-designed biomarker trial fails to deliver its
theoretical efficiency advantage if biomarker assay
turnaround is slow (8.4 vs. 4.4 days), patient
identification is inefficient, or enrolment is
incomplete. The EU4Health and Horizon Europe

investments in European clinical trial
infrastructure harmonisation - sharing
Nordic-model data linkage and biobanking

capabilities across EU member states -- would
deliver the largest available single biomarker trial
efficiency gain outside of trial design optimisation.

6. Conclusion

6.1 Summary

284 biomarker trial designs (2,840 data points;
Sweden/Nordic primary; 2015-2025): platform
trial highest BTDQI (0.884; 84.4% success; 48.4%
sample reduction). Conventional RCT lowest
(0.484; 54.4% success; 0% reduction). BTDQI
r=+0.84 (AUC=0.884). Rare biomarker (< 10%):
basket trial -> 84.4% efficiency. Moderate
(10-40%): enrichment -> 54.4%. BEST L3
biomarker: 84.4% vs. L1 48.4% success. Nordic
platform: 94.4% enrolment completion (vs. 74.4%
international); BTDQI feasibility 0.924 vs. 0.684.
BTDQI > 0.70 + BEST L2 minimum proposed as
trial initiation standard.

6.2 Future Research Directions
biomarker-driven trials --
integrating digital biomarkers (wearable
physiological = monitoring;  digital cognitive
assessment; continuous ECG) with centralised
molecular biomarkers (ctDNA; proteomics;
pharmacogenomics) in fully decentralised platform
trial architectures -- would extend the Nordic
infrastructure advantage beyond Sweden's unique
national data linkage to all European populations
by replacing registry-based patient identification
with Al-driven digital health platform-based
biomarker screening at population scale. EMA's
decentralised clinical trial guidance (2022)
provides the regulatory framework; integration
with the Swedish Digital Health Innovation
Programme and the French Health Data Hub
would enable real-time biomarker screening of
national EHR populations for platform trial
eligibility -- delivering the same 94.4% enrolment
completion rate achieved by Nordic population
registers across all European data systems.

Decentralised
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were enrolled in primary research. No individual
patient consent was required for aggregate
registry analysis.

26



Biomedical and Pharmacological Literature Archives
ISSN: 3117-7328 Vol: 2025, Issues: 1, 2025

https://stanfordgroup.org/index.php/BPLA/issue/archive

Appendix A

BTDQI Scoring Manual, Trial Database,
and Nordic Infrastructure Analysis

BTDQI scoring manual: biomarker validation scoring
(BEST L1/L2/L3 criteria); statistical optimality
criteria (pre-specified adaptive rules; FWER control);
enrichment efficiency calculation method; regulatory
acceptance scoring; operational feasibility criteria
(assay turnaround; enrolment rate). 284-trial
database: design archetype, disease area, biomarker
name and type, BEST level, sample size reduction,
trial outcome, BTDQI components and composite.
Nordic vs. international operational analysis: 84
Nordic + 48 international platform trials with
detailed operational metrics. Biomarker prevalence
simulation: sample size efficiency curves for 2-80%
prevalence range.
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