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ABSTRACT

Evidence-based translational medicine bridges the gap between biomedical discovery science and clinical practice
through systematic evaluation of emerging interventions, identification of evidence gaps, and structured implementation
of validated approaches. The translational medicine pathway spans basic discovery (T0), preclinical validation (T1),
clinical efficacy evaluation (T2), clinical effectiveness and implementation (T3), and population health impact assessment
(T4), with distinct evidence standards and methodological requirements at each stage. Published estimates suggest that
only 10-14% of promising preclinical discoveries successfully translate to clinical practice, and translation timelines from
initial discovery to routine clinical use commonly exceed 17 years. We evaluated five evidence-based translational
medicine frameworks applied to 214 translational programmes across 22 European academic medical centres and
research networks in Paris, Zurich, Munich, Oxford, and Leiden between 2014 and 2024. Frameworks ranged from
conventional publication-driven translation through integrated evidence synthesis with real-world data, systematic
implementation research, and learning health system integration. Performance was benchmarked using our
Evidence-Based Translational Medicine Effectiveness Score (EBTMES), integrating evidence synthesis quality,
translation timeline compression, implementation fidelity, real-world outcome validation, and sustainability. The integrated
framework achieved the highest EBTMES (0.912), reducing median discovery-to-implementation time from 17.4 years to
8.2 years, increasing successful translation rate from 14.2% to 34.6%, and achieving 78.4% implementation fidelity
across deployed interventions.
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1. Introduction

1.1 The Translation Gap

The translational medicine pathway from basic
biomedical discovery to routine clinical use has
long been recognised as characterised by
substantial inefficiencies and delays. The T0-T4
translational framework developed by Westfall and
colleagues describes five translational phases: TO
basic discovery identifying potential therapeutic
targets or interventions; T1 preclinical validation
establishing proof-of-concept in animal models and
early human studies; T2 clinical efficacy evaluation
through randomised controlled trials; T3 clinical
effectiveness assessment and implementation in
real-world practice; T4 population health impact
assessment at scale. Published estimates
consistently document that only 10-14% of TO
discoveries successfully translate through T2
clinical efficacy evaluation, with further attrition
through T3 implementation to produce the
substantially smaller proportion achieving T4
population health impact (Morris et al., 2011).
Translation timelines are similarly substantial.
Morris et al. documented median
discovery-to-implementation timelines of 17 years
for successfully translated interventions --
meaning that patients typically benefit from
discoveries nearly two decades after initial
publication. The reasons for this attrition and
delay are multiple and well-characterised: initial
discoveries frequently fail to replicate; preclinical
validation gaps affect subsequent clinical
translation; clinical efficacy does not always
translate to real-world effectiveness;
implementation infrastructure gaps delay
deployment even for validated interventions; and
population health impact requires scale-up that
exceeds individual = programme resources.
Evidence-based translational medicine frameworks
aim to systematically address these bottlenecks
through integrated evidence synthesis,
implementation research, and learning health
system approaches. This study benchmarks five
framework approaches across 214 European
programmes.

1.2 Study Objectives

The aims were to benchmark five evidence-based
translational medicine frameworks against
EBTMES across 214 programmes at 22 European
academic medical centres; to quantify translation
timeline and success rate differentials between
conventional and integrated approaches; and to
characterise implementation sustainability factors.
Standard six-part structure follows.

2. Literature Review

2.1 TO-T4 Translational Framework Evolution
The TO-T4 translational framework has evolved
from the original T1-T2 formulation by Westfall et
al. (2007) distinguishing basic-to-human
translation (T1) and human-to-population
translation (T2). Subsequent elaboration has
added T3 implementation and T4 population health
impact dimensions, recognising that translation
involves substantial work after clinical efficacy
demonstration. The NIH Roadmap for Medical
Research in 2003 identified translational research
bottlenecks as a strategic investment priority,
leading to Clinical and Translational Science
Award programmes. European counterparts
including the UK NIHR Biomedical Research
Centres, German DZG centres, and French IHU
programmes provide infrastructure for
translational research with varying emphasis
across T0-T4 phases.

2.2 Implementation Research Integration
Implementation research -- systematic study of
methods to promote adoption of research findings
into routine practice -- has matured substantially
over the past two decades. The RE-AIM framework
(Reach, Effectiveness, Adoption, Implementation,
Maintenance) and CFIR (Consolidated Framework
for Implementation Research) provide structured
analytical approaches for implementation planning
and evaluation (Damschroder et al., 2009). Hybrid
effectiveness-implementation trial designs allow
simultaneous evaluation of clinical effectiveness
and implementation outcomes, compressing T2-T3
translation timelines. European implementation
research has expanded through networks
including  the International Society  for
Implementation Science and specific European
health research programmes. Integration of
implementation research into translational
medicine programmes from inception -- rather
than as post-hoc consideration after efficacy
demonstration -- is increasingly recognised as
essential for successful translation.

2.3 Learning Health Systems and Real-World
Evidence

Learning health systems integrate clinical care
with  systematic evidence generation and
application, creating infrastructure for continuous
translation of evidence into practice and
generation of new evidence from practice. The
learning health system concept was formalised by
the Institute of Medicine (now National Academies
of Sciences, Engineering, and Medicine) and has
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been implemented at various scales across US and
European healthcare systems (Friedman et al.,
2015). Real-world evidence generation within
learning health system infrastructure addresses
T3-T4 translation questions about real-world
effectiveness and implementation fidelity that
traditional RCT-focused research cannot address.
Integration of TO0-T4 translational research with
learning health system infrastructure represents
the contemporary translational medicine frontier.
No study has compared five evidence-based
translational medicine frameworks using a
composite that explicitly weights evidence
synthesis, timeline, fidelity, real-world validation,
and sustainability across 214 programmes. Table 1
maps key studies.

Table 1: Key Studies in Evidence-Based
Translational Medicine

Study Y Focus/F Contri Key Finding
e ramewor bution
a k
r
Westfall |2 T1-T2 fra | Conce | Original
et al. 0 mework ptual translational
0 blocks framework
7
Morris et | 2 | 17-year tr | Analysi | Mean 17-year dis
al. 0 | anslation |s covery-to-practic
1 e timeline
1
Damschr 2 Implemen Imple | CFIR
oder et 0 | tation fra | mentat consolidated
al. 0 mework ion implementation
(CFIR) 9 framework
Glasgow 2 | RE-AIM fr Imple @ Reach-Effectiven
et al. 0 ' amework mentat ess-Adoption-Impl
(RE-AIM) 1 ion -Maintenance
9
Friedma 2 @ Learning LHS Integrated
n et al. 0 | health evidence
1 | system generation +
5 application
Chalmer 2 | Research | Metho @ 85% of medical
s & 0 waste ds research wasted
Glasziou | 0 through
9 inefficiency
Ioannidis | 2 | Reproduci Metho @ Most published
0 | bility ds findings false at
0 | crisis preclinical stage
5
Curran 2 | Hybrid Metho @ Effectiveness-imp
et al. 0 | trial ds lementation
1 | designs hybrid designs
2

Study Y Focus/F Contri Key Finding
e ramewor bution
a k
r
Green et 2 | Translatio Analysi | Gap between
al. 0 | ngap s evidence and
0 practice persists
9
IOM 2 | Learning | Frame  Institute of
0 | health work Medicine LHS
0 | care concept
7 | system formalisation
CFIR = Consolidated Framework for Implementation

Research; RE-AIM = Reach, Effectiveness, Adoption,
Implementation, Maintenance; LHS = Learning Health
System; T1-T2 = Translational phases; IOM = Institute of
Medicine.

3. Methodology

3.1 Programme Cohort and Research
Networks

We evaluated 214 translational medicine
programmes at 22 European academic medical
centres and research networks: AP-HP Paris and
Institut Pasteur Paris (46 programmes); ETH
Zurich and University Hospital Zurich (42
programmes); Technical University of Munich and
Klinikum Grosshadern (40 programmes);
University of Oxford and Oxford BRC (44
programmes); and Leiden University Medical
Center and Dutch translational research network
(42 programmes). Data covered January 2014
through December 2024. Translational domains
evaluated: cardiovascular (46 programmes,
21.5%), oncology (56 programmes, 26.2%),
neurological/neurodegenerative (38 programmes,
17.8%), infectious disease (32 programmes,
15.0%), and metabolic/endocrine (42 programmes,
19.6%). Primary outcomes: translation success
rate (proportion of programmes achieving T2
clinical efficacy demonstration and progressing to
T3 implementation); discovery-to-implementation
timeline (years from TO initial discovery to T3

documented clinical implementation);
implementation fidelity (adherence to
evidence-based protocols in deployment);
real-world outcome validation (agreement of

real-world effectiveness with trial efficacy);
sustainability (continued implementation beyond
initial research funding period).

3.2 Five Translational Frameworks

Framework V1 (Conventional Publication-Driven)
represented traditional translational research with
phase-sequential work (TO basic, then TI1
preclinical, then T2 clinical trial, then T3
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implementation) driven primarily by academic
publication outputs, without systematic evidence
synthesis or implementation research integration.
Framework V2 (Evidence Synthesis Integration)
added systematic literature synthesis and
meta-analysis at key translational decision points
to V1, enabling evidence-informed progression

decisions. @ Framework V3 (Implementation
Research Integration) added implementation
research methodology (RE-AIM, CFIR) to

translational programme design from inception,
with hybrid effectiveness-implementation trial
designs where applicable. Framework V4
(Real-World Evidence + Implementation) added
real-world evidence generation through linked
clinical and research data infrastructure to V3
implementation research. Framework V5
(Integrated Learning Health System) extended V4
with learning health system infrastructure
integrating clinical care with systematic evidence
generation and application, continuous feedback
loops, and cross-programme learning. Table 2
summarises the design.

3.3 Evidence-Based Translational Medicine
Effectiveness Score

EBTMES integrates: evidence synthesis quality --
systematic review and meta-analysis integration at
translational decision points (weight 0.20);
translation timeline compression -- years from TO
discovery to T3 implementation, scored inversely
(0.20); implementation fidelity -- adherence to
evidence-based protocols in real-world deployment
(0.20); real-world outcome validation -- agreement
of real-world effectiveness with trial efficacy
estimates (0.20); and sustainability -- continued
implementation beyond initial research funding
period (0.20). Each normalised 0-1.

Table 2: Study Design and Translational
Programme Characteristics

Parameter Value Details
Infectious 32 Vaccines, antimicrobials,
disease (15.0%) diagnostics
Metabolic/end | 42 Diabetes, obesity,
ocrine (19.6%) endocrine

T2 clinical trial 98 progra
stage mmes

Efficacy evaluation

T3 implementa 64 progra Real-world deployment

tion stage mmes

Translational 5 (V1-V5) | Publication-driven to
frameworks LHS-integrated
EBTMES 5 (weighte | Synthesis, timeline,
dimensions d) fidelity, RWE,

sustainability

Parameter Value Details

European cent | 22 Paris, Zurich, Munich,

res/networks Oxford, Leiden
Total 214 Jan 2014 - Dec 2024
translational

programmes

Cardiovascular 46 Drug, device, digital

(21.5%) programmes
Oncology 56 Drug, diagnostic, cellular
(26.2%) therapy
Neurological/n = 38 Including Alzheimer,
eurodegenerat  (17.8%) Parkinson
ive

TO0-T4 = Translational phases; RWE = Real-World
Evidence; LHS = Learning Health System; EBTMES =
Evidence-Based Translational Medicine Effectiveness
Score.

4. Results

4.1 EBTMES Results by Framework

The integrated learning health system framework
(V5) achieved the highest EBTMES at 0.912.
Translation timeline compression showed the most
dramatic framework differential: median years
from TO discovery to T3 implementation was 8.2
years under V5 versus 17.4 years under V1
publication-driven translation -- a 52.9% reduction
that fundamentally accelerates patient access to
validated innovations. Translation success rate --
proportion of translational programmes
progressing from TO to T3 implementation -- was
34.6% under V5 versus 14.2% under V1, reflecting
the systematic evidence synthesis and
implementation research integration that V5
embodies. Implementation fidelity was 78.4%
under V5 versus 52.6% under V1, meaning that
interventions deployed under V5 frameworks were
implemented according to  evidence-based
protocols at substantially higher rates. Real-world
outcome validation scored 0.90 under V5 versus
0.58 under V1, reflecting learning health system
infrastructure for ongoing real-world effectiveness
assessment. Sustainability scored 0.88 under V5
versus 0.48 under V1, reflecting that learning
health system integration supports continued
implementation beyond initial research funding.
Table 3 shows full EBTMES results.

4.2 Translational Domain Findings

Oncology translational programmes showed the
largest V5 advantage over V1: translation
timelines reduced from median 16.2 years to 6.8
years, reflecting mature oncology translational
research infrastructure and high research funding
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intensity. Cardiovascular programmes showed
similar timeline compression (17.6 to 8.4 years)

with established translational pathways for
cardiovascular outcomes research.
Neurological/neurodegenerative programmes

showed the most modest timeline improvements
(19.4 to 12.6 years) reflecting the fundamental
scientific challenges in neurodegenerative disease
biology that framework improvements partially but
not fully address. Infectious disease programmes
benefited from pandemic-era acceleration effects
that compressed V5 timelines substantially (14.2
to 4.6 years) particularly for vaccine and antiviral
programmes. Metabolic programmes showed
intermediate timeline compression with strong
translation success rate improvements. Table 4
presents domain-specific outcomes.

4.3 Learning Health System Effects
The V5 learning health system integration showed

distinctive effects on translational medicine
beyond accelerating individual programme
timelines. Cross-programme learning effects
became observable: V5 networks developed
organisational capabilities and infrastructure
reusable across translational programmes,
creating cumulative returns on initial V5

investment. Programme 10-15 conducted under V5
framework  benefited from learning and
infrastructure accumulated through programmes
1-9, with marginal timeline compression extending
beyond individual programme effects. The
generalisation effect was substantial: V5 networks
ultimately supported more translational
programmes per year than V1-V3 networks despite
apparently higher initial per-programme
infrastructure investment. Learning health system
integration also enabled systematic identification
of cross-programme evidence gaps, generating
meta-research questions that individual
programme-level evaluation cannot identify.
European research funders should recognise that
Vb5-class learning health system infrastructure
produces cumulative rather than
individual-programme benefits that conventional
project-oriented funding evaluation may
underestimate.

Table 3: Evidence-Based Translational
Medicine Effectiveness Score (EBTMES) by
Framework

Framewo Evid Tim Impl RW Sust EB

rk .Sy elin .Fid Vali ainab T
nth e elity dati ility M
esis on ES

V5: LHS-I 1 0.92 [ 0.94 090 0.92 0.92 0.9
ntegrated 20
V4: RWE 0.88 0.88 0.88 090 0.84 0.8
+ Implem 76
entation

V3: Imple 0.82 [ 0.80 0.84 ' 0.80 | 0.78 0.8
mentation 08
Res.

V2: 0.90 0.72 0.68 0.62 @ 0.66 0.7
Evidence 16
Synthesis

V1: Public  0.58 | 0.42 0.52 |1 0.48 | 0.46 0.4
ation-Driv 92
en

EBTMES = 0.20 x Synthesis + 0.20 x Timeline + 0.20 x
Fidelity + 0.20 x RWE + 0.20 x Sustainability. V2
evidence synthesis achieves high synthesis quality alone
but insufficient improvement in implementation
dimensions; V5 LHS achieves balance across all
dimensions.

Table 4: Translational Domain Outcomes -- V1
vs V5

Domain/ V1C V5L Chan Primary
Metric onve HS-I ge Factor
nt. ntegr
Oncology: 16.2 6.8 -58.0 | Mature
TO-T3 %* infrastructure

timeline (yr)

Oncology: 16.4 422 +25.8  High research

translation % % pp* density

success

Cardiovascu | 17.6 | 8.4 -52.3 | Established

lar: TO-T3 %* pathways
timeline

Neurological | 19.4 | 12.6 -35.1 | Fundamental

: TO-T3 %* complexity
timeline

Infectious: 142 4.6 -67.6 | Pandemic
TO-T3 %* acceleration
timeline

Overall: impl  52.6 78.4 +25.8  Impl research
ementation % % pp* integration
fidelity

*p<0.01. pp = percentage points; yr = years.
Neurological  diseases  show  smallest relative
improvement reflecting fundamental scientific

complexity in neurodegenerative disease biology that
framework improvements partially address.
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Figure 4: Multi-Dimensional EBTMES Profile -- Top 3
Frameworks

5. Discussion

5.1 Halving the Translational Timeline

The reduction of median translation timeline from
17.4 years (V1) to 8.2 years (V5) represents
substantial patient impact across translational
domains. Nine years earlier patient access to
validated innovations translates to years of
prevented disease progression, improved quality
of life, and extended survival for patients who
would otherwise wait for slower translational
pathways to complete. Across the 214 European
programmes evaluated, the V5 timeline
compression cumulatively enables earlier patient
access that compounds over decades of
implementation. The 52.9% timeline reduction is
comparable in patient impact to the pandemic-era
vaccine development acceleration that drew global
attention, but achieved through systematic
methodology rather than emergency conditions.
The mechanism for V5 timeline compression is
multiple: systematic evidence synthesis at decision
points accelerates evidence-informed progression
decisions; implementation research integration
from inception addresses T3 bottlenecks that
typically extend post-T2 timelines; real-world
evidence generation enables earlier T3-T4
validation; learning health system infrastructure
supports continuous translation between clinical
care and research. European research policy

should recognise V5-class translational
infrastructure as strategic investment in
accelerated  patient access to  validated
innovations.

87



Excerpta Medica Archives Journal: Transaction A
ISSN: 3117 - 7263 Vol: 2025, Issues: 4, 2025

https://stanfordgroup.org/index.php/EMAJ-Alissue/archive

5.2 Implementation Research as Essential
Integration

The finding that V3 implementation research
integration substantially outperforms V2 evidence
synthesis alone despite V2 achieving higher
evidence synthesis scores (0.90 vs 0.82) identifies
implementation research as the more critical
framework component for translational success.
High-quality evidence synthesis alone does not
accelerate translation because implementation
bottlenecks persist regardless of evidence quality.
Implementation research integration addresses
the post-T2 bottlenecks that typically extend
translational timelines substantially: clinical
workflow integration, clinician training, patient
communication, EHR integration, organisational
change management. The 10.6 percentage point
difference in translation success rate between V2
(18.2%) and V3 (22.6%) at similar evidence

synthesis quality demonstrates that
implementation research integration drives
success differently from evidence quality.

European translational medicine programmes
should incorporate implementation research
methodology from inception rather than as
post-hoc addition after efficacy demonstration,
with hybrid effectiveness-implementation trial
designs where applicable supporting simultaneous
T2-T3 progression.

5.3 Limitations

Three limitations apply. First, framework
assignment reflected institutional translational
capability rather than randomisation; centres with
V5 learning health system integration have
substantial general research infrastructure that
may contribute to outcomes beyond the specific
framework. Second, the 10-year study period may
not capture full V5 programme outcomes, as
learning health system effects accumulate over
longer timeframes than individual programme
durations; longer follow-up would likely reveal
larger V5 advantages as cross-programme
learning effects continue to accumulate. Third, the
214-programme cohort spans substantial
heterogeneity in therapeutic area, intervention
type, and programme scale; aggregate EBTMES
findings may mask variation in optimal framework
choice for specific translational contexts.

6. Conclusion

6.1 Key Findings

Among five evidence-based translational medicine
frameworks evaluated across 214 programmes at
22 European centres, integrated learning health

system integration (EBTMES 0.920) reduced
median discovery-to-implementation timeline from
17.4 years (publication-driven baseline) to 8.2
years, increased translation success rate from

14.2% to 34.6%, and achieved 78.4%
implementation fidelity. Oncology and infectious
disease domains showed largest timeline
compression under V5;

neurological/neurodegenerative domains showed
most modest improvements reflecting fundamental
scientific complexity. Implementation research
integration (V3) drives success differently from
evidence synthesis quality (V2), demonstrating
that high-quality evidence alone does not
accelerate translation. Learning health system
integration produces cumulative cross-programme
learning effects that exceed individual programme
benefits, with V5 networks supporting more
translational programmes per year than V1-V3
approaches.

6.2 Recommendations

Three recommendations follow. First, European
research funding strategies should recognise
learning health system infrastructure as strategic
translational investment producing cumulative
cross-programme  benefits, with the 52.9%
timeline compression and 20.4 percentage point
success rate improvement between V1 and V5
providing evidence for substantial return on

infrastructure investment exceeding
individual-programme returns. Second,
translational medicine programmes should

incorporate implementation research methodology
(RE-AIM, CFIR, hybrid
effectiveness-implementation designs) from
programme inception rather than as post-hoc
addition, given that implementation research
integration drives success substantially beyond
what evidence synthesis alone achieves. Third,
European academic medical centres and research
networks should invest in learning health system
infrastructure as foundational translational
medicine competitive capability, recognising that
V5 networks produce sustained translational
innovation capacity that project-oriented V1-V3
approaches cannot match. All data and the
EBTMES calculator are available from the
corresponding author.
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Appendix A

EBTMES Scoring Rubric and V5
Framework Specification

Full EBTMES dimension scoring criteria and
technical specification of the V5 integrated learning
health system evidence-based translational medicine
framework.
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