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How has the process for evidence generation evolved?

1. Randomised controlled clinical trials
2. Retrospective observational studies
3. Prospective observational studies
4. …
5. …

Evidence generation in clinical development

4. Adaptive (Bayesian) designs
5. Single case designs
6. Platform trials

7. Bayesian dynamic borrowing
8. Digital twins
9. Synthetic arms
10. Virtual cohorts
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Planning, execution, integration

Efficiency vs Innovation

Stakeholders acknowledge the value of 
alternative approaches for evidence 
generation 

Scientific advances are incorporated 
into guidelines



5

Efficiency vs Innovation in Clinical Trial Design

In
silico

Decentralised 
trials

Platform trials

MAMS trials

Basket, umbrella trials

Single case design

Factorial designs

Adaptive (biomarker guided) trials

Efficiency in execution

Novel (pharmaco)statistical approaches

(Prior) knowledge integration
(Drug-disease) model-based methods

Digital twins
Synthetic controls
Virtual patients 



Basket, umbrella, and platform trials



https://www.phctrials.ox.ac.uk/platform-trials-an-explainer
doi: 10.1371/journal.pone.0149803.g007

The PRINCIPLE trial was originally set up to 
find existing drugs that we could repurpose for 
treatment of COVID-19 to treat the most 
vulnerable people in the community and prevent 
them needing hospitalisation. It has recruited over 
10,000 participants and changed national 
guidelines on treatment.

The PANORAMIC trial differed from PRINCIPLE in 
that it focused on on assessing antivirals that 
were specifically created for treatment of COVID-
19. PANORAMIC recruited in excess of 25,000 
people. 

MAMS and adaptive platform trials

https://www.principletrial.org/
https://www.panoramictrial.org/


Platform design Intervention(s) Condition Phase Primary endpoint(s)

RECOVERY (adaptive, 
multi-arm, pragmatic)

Dexamethasone; 
Tocilizumab; 
others

Hospitalised COVID-19 Large, pragmatic RCT 
platform 28-day mortality (primary)

REMAP-CAP (Bayesian, 
multifactorial adaptive 
platform)

IL-6R antagonists; 
anticoagulation; 
statins

Severe pneumonia/COVID-19 in ICU
Ongoing platform; 
multiple completed 
domains

Organ support–free days, 
mortality (Bayesian 
posterior)

MAMS and adaptive platform trials
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Basket, umbrella and platform trials

Gastroenterology 2024;167:636–642
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Decentralised clinical trials

Clinical and Translational Science, 2025; 18:e70328

•Diabetes trials: Approximately 35% of all paediatric diabetes studies initiated since 2010 have used a decentralized 
approach, leveraging tools like remote blood glucose monitors.

•Genetic disorders:  Trials for genetic disorders, including a study on children with SCN2A-DEE and SCN8A-DEE, have 
used decentralized methods to manage complex needs, such as continuous feeding and ventilation equipment, by 
pivoting to a fully remote model.

•Duchenne muscular dystrophy:  A trial for heart failure prevention in this condition integrated decentralized 
elements such as remote recruitment and electronic patient-reported outcomes (ePRO).

•Cystic fibrosis:  A Phase 4 study used wearable technology for remote data collection on physical activity, cough, and 
sleep quality, with home-based visits conducted via telemedicine.



https://www.fda.gov/media/152385/download
10.1136/annrheumdis-2020-217101

Bayesian Dynamic Borrowing

•March 2011: The FDA approved the intravenous (IV) formulation of 
belimumab for adults with active, autoantibody-positive SLE who were 
on standard therapy. 

•July 2017: A subcutaneous formulation, allowing for self-injection, 
was approved in the US. This provided a weekly self-injection option 
for patients after they have been trained by a healthcare professional.

- Tipping point approach is a type of “analysis 
of credibility” 
- identify properties of the prior distribution needed 

to achieve a certain posterior statement for the data 
at hand 

- used to assess the plausibility of scientific claims and 
findings

- The weight corresponding to the tipping 
point = minimum prior belief in the 
relevance of the adult data needed to find 
the evidence from the paediatric study 
convincing.
 

- Allows a range of decision-makers – who 
may hold different prior beliefs – to assess 
the credibility of the evidence in the 
paediatric population.

https://www.fda.gov/media/152385/download
https://doi.org/10.1136/annrheumdis-2020-217101
https://doi.org/10.1136/annrheumdis-2020-217101
https://doi.org/10.1136/annrheumdis-2020-217101
https://doi.org/10.1136/annrheumdis-2020-217101
https://doi.org/10.1136/annrheumdis-2020-217101


N-of-1 trials and  single case design
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Advanced Data Analytics

From digital twins to synthetic controls to virtual cohorts and  in silico trials Trials

In silico integration



Digital twins in ALS

Prosetin is an orally administered MAP4K inhibitor under 
investigation for the treatment of amyotrophic lateral sclerosis.

Patients who complete part C — running up to 56 days (about 
two months), including 14 days of daily oral solution treatment 
(prosetin) or a placebo solution, and seven hospital visits — will 
be invited to enter part D. In this open-label extension phase, all 
will be given prosetin for 52 weeks (about one year).

The digital twins will serve as a placebo group during part D’s 
long-term extension.
Unlearn will use its ALS Digital Twin Generator, an AI-based 
model that’s been trained on patient-level data, to generate 
digital twins. These counterparts of treated patients will act as a 
trial placebo group, allowing comparison between prosetin and 
changes in a patient’s health without the medication.

Four-part study PRO-101 (NCT05279755)



Challenges and barriers

Barriers to the implementation of digital twins in clinical trials



16Gobburu & Lesko, Annu Rev Pharmacol Toxicol. 2009;49:291-301.

Patient pop. 
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Drug-disease modelling and simulation framework
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Generating Virtual Patients

Risk-based enrolment
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Summary 

In
silico

Decentralised 
trials

Platform trials

MAMS trials

Basket, umbrella trials

Single case design

Factorial designs

Adaptive (biomarker guided) trials

Efficiency in execution

Novel (pharmaco)statistical approaches
Acceptance of novel methodologies for evidence generation and 
analysis of clinical trial data remains challenging.

Advanced data analytical approaches (AI, ML, MIDD) require further 
evaluation, standards and guidance on best practices.

Drug-disease modelling and simulation methods will enable more 
mechanism-based representation of the patient population.

Hybrid protocols including real patients and  virtual cohorts  may 
become critical to address gaps in areas such as rare paediatric 
diseases.

Significant attention has been given to approaches that enhance 
efficiency from an operational perspective.

Ongoing initiatives focus on patient-centric elements, including the 
incorporation of advancing technologies such as wearable devices 
and continuous monitoring.
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Thank you 

“Not everything that is faced can be changed, 
but nothing can be changed until it is faced.”

 
― James Baldwin
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Back-up slides



Digital twins, Synthetic controls, Virtual patients

A digital twin is a comprehensive, longitudinal, clinical record created using baseline data collected from a patient 
–BEFORE they receive their first treatment – that predicts how that patient would likely evolve over the course of 
the trial if they were to be given a placebo. That is, a digital twin is like a simulated control group for a particular 
patient. Digital twins are treated as covariates optimised to explain variability in the outcome.  They improve 
power and efficiency without introducing bias.

Digital twins are not synthetic controls. Synthetic controls refer to the inclusion of patients who were not in 
the original patient sample of the trial. Digital twins add information about patients already in the trial. 
Synthetic controls may increase Type I error, use cases are limited based on regulatory guidance.

Virtual patients (in silico cohorts). These are model-based simulation of the characteristics and responses of real 
patients for use in  in silico clinical trials. These models, derived from population data and other information, can 
represent a single hypothetical patient or a cohort of virtual patients to theoretically conduct trials in a computer 
environment.



Overview 
Pivotal evidence relied on single-arm data vs. an external comparator 

Drug (year) Disease Trial design & “synthetic/external” element Primary endpoint(s) / 
Phase Regulatory outcome

Cerliponase alfa 
(Brineura) (2017)

CLN2 Batten disease 
(paediatric)

Single-arm open-label trial (Studies 201/202) 
compared to an external natural-history 
cohort (Study 901) after scale-bridging 
(Hamburg scale).

Motor-language decline 
rate; Phase 1/2 with 
extension

FDA approval (2017); 
natural-history cohort 
explicitly served as the 
control.  

Onasemnogene 
abeparvovec (Zolgensma) 
(2019 EU; 2019 US)

SMA Type 1
(paediatric)

Open-label pivotal program where 
comparison to natural-history controls 
provided the primary effectiveness evidence 
(survival & milestones).

Survival at 14 months; 
motor milestones; Phase 3 
open-label

FDA/EMA approvals citing 
comparison to natural-
history datasets.  

Risdiplam 
(Evrysdi) (2020)

SMA Type 1 
(infant cohort)

Single-arm infant cohort with context from 
natural-history studies to interpret 
survival/motor outcomes.

CHOP-INTEND, HINE-2; 
survival; early-phase 
program supporting 
approval

FDA approval (2020) with 
explicit natural-history 
benchmarking in review.  

Avelumab
(Bavencio) (2017)

Metastatic Merkel 
cell carcinoma 
(mMCC)

Single-arm Phase 2 (JAVELIN Merkel 200). 
Approval primarily on durable ORR; literature 
and reviews discuss contextual historical 
controls for unmet-need settings.

ORR with durability; Phase 
2

FDA accelerated approval 
(2017); external/historical 
data used contextually in 
reviews.  

GEN-1 
(Celsion) neoadjuvant 
ovarian cancer

Advanced epithelial 
ovarian cancer

Phase Ib single-arm re-analyzed vs. a 
Medidata Synthetic Control Arm® built from 
prior trials; 

PFS/safety comparisons vs. 
matched historical patients

Peer-reviewed case study 
and sponsor reports of the 
SCA’s impact.  



Design Drug Disease/Condition Phase (pivotal) Primary endpoint(s) What happened Key refs

Single-arm with 
external/lead-in 
comparator

Valoctocogene 
roxaparvovec
(Roctavian)

Severe haemophilia A
Phase 3 GENEr8-1 (single-
arm; compared vs prior 
prophylaxis from lead-in)

Annualized bleeding rate 
(ABR), FVIII usage

FDA approval 2023 
(regular). 
ABR reduced vs prior 
standard prophylaxis.

FDA SBRA; Phase 3 
publications.  

Single-arm with 
baseline/prophylaxis 
comparison

Etranacogene 
dezaparvovec
(Hemgenix)

Haemophilia B Phase 3 HOPE-B (single-
arm) ABR, FIX activity

FDA approval 2022
(first for haemophilia B). 
Substantial ABR 
reduction and ↑FIX.

FDA SBRA; Lancet 
Haematology 24-mo 
data; CADTH review.  

Single-arm + historical 
controls; milestone 
endpoints

Onasemnogene 
abeparvovec
(Zolgensma)

Spinal muscular atrophy 
(SMA)

Phase 1 (START) + Phase 
3 (ongoing)

Survival / milestone 
achievement

FDA approval 2019; 
survival/motor 
milestones vs natural 
history.

FDA SBRA; review & long-
term follow-up.  

Surrogate biomarker 
(Bayesian inference in 
review; interim)

Casimersen 
(Amondys 45)

Duchenne muscular 
dystrophy (exon 45 
skipping)

Pivotal ESSENCE (blinded 
RCT) but approval based 
on interim biomarker

Dystrophin % at 48 weeks 
(biomarker surrogate)

Accelerated approval 
2021 (continued clinical-
benefit confirmation 
pending).

FDA approval letter/label; 
reviews.  

Single-arm targeted 
oncology

Sotorasib 
(Lumakras)

KRAS G12C-mutated 
NSCLC (post-line)

Phase 2 CodeBreaK-100 
(single arm) ORR, DOR

Accelerated approval 
2021; first KRAS G12C 
inhibitor to market via 
single-arm pivotal.

NEJM CodeBreaK-100.  

Overview 
Pivotal evidence relied on single-arm data vs. an external comparator 



Design Drug Disease/Condition Phase Primary endpoint(s) What happened Key refs

Randomized, 
placebo-controlled 
prevention in at-risk 
population

Teplizumab (Tzield)

Stage 2 type 1 
diabetes 
(abnormal OGTT & 
2+ autoantibodies)

TN-10 (Phase II) Time to Stage 3 T1D 
diagnosis

FDA approval 2022 
to delay onset of 
Stage 3 T1D (first 
disease-modifying 
therapy for T1D).

FDA clinical review

Prevention / stage-based “disease-modifying” (immunology/endocrinology)

Overview 
Pivotal evidence relied on single-arm data vs. an external comparator 
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