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Limitations and pitfalls of randomized clinical trials (RCT)
RCT may have major limitations is some clinical scenarios, including:

• Rare and ultrarare diseases (few patients available to be enrolled into a clinical trial)

• Patients with major unmet clinical needs in which best available therapy is not effective 
(ethical concerns to treat these patients with best available therapy)

• Patients with major unmet clinical needs in which most of the trials are failed (urgent need 
to accelerate the evaluation of the effectiveness of new treatment options)

• Diseases arising in the elderly people (limited opportunity to be enrolled into a 
conventional clinical trials)

• Diseases in which the landscape of standard treatment is rapidly changing and therefore is 
not easy to define an appropriate control arm (challenge in defining the study design)

Serrano C et al. Nat Med. 2023 Nov;29(11):2689-2692
Hutson M. Nature 2024 Mar;627(8003):2-5. 



Anemia in the elderly: the “Health & Anemia” study

Tettamanti et al. Haematologica 2010;95:1849-1856; Rossi M et al. Blood 2021;138:2093-2105

Only 7% of patients with a diagnosis of MDS are potentially 
eligible to be enrolled in a clinical trial 



The opportunity of EMA Qualification Registry initiative 

Product and Indication Pivotal Data Context for use of patient registries

Axicabtagene
ciloleucel

Open label, single arm study (ZUMA 1 
Phase II) with a primary endpoint of 
objective response rate (CR)

A retrospective patient level pooled analysis of two 
Phase III RCTs and two observational studies (SCHOLAR 1)
was developed as a companion study to contextualise 
the results of ZUMA 1.

Tisagenlecleucel Open-label single arm study (C2201) 
with a primary endpoint of overall
response rate

Further long term follow up of efficacy will be captured 
via a prospective observational study in patients with 
refractory/relapsed DLBCL based on data from registry 
with efficacy outcomes similar to study C2201.

Genetically modified
allogeneic T cells

Single arm, open-label Phase I/II study 
with a primary endpoint of immune 
reconstitution and an ongoing open 
label RCT

The EBMT patient registry was used to compile an 
appropriate control group selected on same criteria as the
control arm of the on-going Phase III trial and a specific set 
of matching parameters.

Use cases including external control data in marketing applications (hematology) 

The European Medicines Agency (EMA) established the Patient Registry Initiative to explore ways of 
supporting the use of patient registries in generating high-quality data for regulatory decision making and to 
enable a systematic approach to their use.  

https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/patient-registries 



A RWD control arm for refractory metastatic colorectal 
cancer: the ”no placebo initiative” *

https://www.ema.europa.eu/en/human-regulatory-overview/post-authorisation/patient-registries 

Yoshino T,  et al. Nat Med. 2023 Oct;29(10):2389-2390

* In partnership with FDA, EMA and Pharmaceuticals and Medical Devices Agency of Japan



Increased access to healthcare data is needed to accelerate 
the generation of clinical evidence in hematology

97% 
of healtcare data remains unused

Source: Deloitte, Health Data, 2023

Main reasons:
- Privacy limitations (GDPR)
- Lack of data harmonization from different sources 
- Data are not structured and are dispersed



Synthetic Data to accelerate research in Hematology
• Synthetic data are artificial data generated by an algorithm trained to learn all the 

essential characteristics of a real dataset. The new data are neither a copy nor a 
representation of the real data. Since they are not real data, they are not regulated by 
particular limitations so they can be easily accessed and shared.

Properties and possible applications

• Data sharing (Privacy/GDPR)
• Classes balance and resolution of missing

information (Data harmonization)
• Data augmentation
• Algorithms training and validation
• Generation of new evidence

Chen R et al. Nature Biomedical Engineering 2021;5:493–497 
Savage N et al. Nature 2023 doi: 10.1038/d41586-023-01445-8



Advantages of Synthetic data: 
• GDPR compliant by definition 
• No loss of infomation associated to generation process
• No missing data
• Resolution of classes inbalance
• Data augmentation possible 

Synthetic vs. Anonymized data 

Jacobs F et al. Journal of Clin Oncol CCI 2023 Aug;7:e2300045
D’Amico S et al. Journal of Clin Oncol CCI 2023 Jun;7:e2300021
Bersanelli M et al. Journal of Clinical Oncol 2021; 11:1223-1233



Jacobs F et al. Journal of Clin Oncol CCI 2023 Aug;7:e2300045
D’Amico S et al. Journal of Clin Oncol CCI 2023 Jun;7:e2300021
Bersanelli M et al. Journal of Clinical Oncol 2021; 11:1223-1233

Synthetic vs. Real Patients: comparison of clinical and 
molecular features in MDS



Jacobs F et al. Journal of Clin Oncol CCI 2023 Aug;7:e2300045
D’Amico S et al. Journal of Clin Oncol CCI 2023 Jun;7:e2300021
D’Amico S, et al. Journal of Clin Oncol CCI 2024, in press 

Synthetic vs. Real Patients: comparison of clinical and 
molecular features in MDS



Probability of OS stratified by IPSS-R

REAL PATIENTS SYNTHETIC PATIENTS

Jacobs F et al. Journal of Clin Oncol CCI 2023 Aug;7:e2300045
D’Amico S et al. Journal of Clin Oncol CCI 2023 Jun;7:e2300021
Tentori CA et al Journal of Clin Oncol. 2024 May 9:JCO2302175

Data augmentation: 
from 2043 to 10,000 patients

Synthetic vs. Real Patients: comparison of clinical and 
molecular features in MDS



Performance of Synthetic Data

2021 WHO guidance on ethics and 
governance of AI for health

https://www.who.int/publications/i/item/9789240029200

We have to address three important topics for a 
right deployment of AI in hematology:

- Transparency of models: interpretability and 
explainability

- Reliability of models: independent validation of 
generated AI-models

- Protection of data and data sharing: compliance 
with GDPR (EU)

D’Amico S et al. Journal of Clin Oncol CCI 2023 Jun;7:e2300021

https://www.who.int/publications/i/item/9789240029200


Generation of multimodal longitudinal synthetic data



Comparing endpoints of clinical trials using real and synthetic control arms.

Primary
endpoints

Synthetic Data to accelerate clinical research in Hematology

D’Amico S et al. Journal of Clin Oncol CCI 2023 Jun;7:e2300021

Real-world efficacy and 
safety of luspatercept in 
patients with transfusion-
dependent anemia due 
LR-MDS-RS, who had an 
unsatisfactory response 
to or are ineligible for 
erythropoietin-based 
therapy: a multicenter 
study by  FISIM



Zazzetti E et al. Journal of Clinical Oncol CCI 2025; in press

Comparing endpoints of clinical trials using real and synthetic control arms



Hematology
Rare blood cancers, Lymphomas

Multimodal Clinical Synthetic Data 
Generation Platform

Train Synthetic Data Expertise Already installed in

Oncology
Breast Cancer, Lung Cancer, 
Colorectal cancer

Gynecology
Ovarian cancer

Fertility

Neurology
Multiple Sclerosis, Alzheimer 
Diseases

Gastroenterology
Ulcerative colitis, Crohn's disease

Hepatology
Hepatitis C

Rheumatology
Rheumatoid arthritis

Diseases registries

Universities and research center

Humanitas Hospitals

European Horizion Projects

Medical foundation and clinical trial institution

Industrial companies

Technological partnership for software 
infrastructure and deployment

Already validated in



Synthetic data and next-generation clinical trials 
in hematology – a European perspective



• Definition of an external control arm

• The appropriate clinical and regulatory setting and minimal requirements for external 
controls

• Operational and feasibility aspects 

• Planning, design, conduct, analysis and reporting of studies for which external controls are 
used and related methodological aspects such as considerations on minimization of 
bias and confounding, the definition of estimands, target trial emulation, type 1 error 
control, sample size 

• Prospectively planned external control comparisons vs comparisons conducted 
when results are already available (either trial data, external control or both)

• Data quality: relevance, reliability, extensiveness, timeliness 

• Source(s) of the external data 



Synthetic data and next-generation clinical trials in hematology

Phase II study of anti-GD2 Chimeric Antigen Receptor-
Expressing T cells (GD2-CART01) in pediatric patients 

affected by relapsed/progressing Neuroblastoma

Prof F Locatelli – Dr.ssa F Del Bufalo



Next-Gen Clinical Trials in Hematology. A perspective
1. DATA SOURCES

• Registries and 
repositories on 
hematological diseases 
already certified or to be 
certified by “EMA 
qualification registry 
initiative” for regulatory 
purposes (EuroBloodNET, 
and others)

• Previously conducted 
clinical trials by academic 
networks or pharma

3. INNOVATIVE DESIGN 
FOR CLINICAL TRIAL 

• EU-funded consortia 
developing innovative 
methodologies for the 
conduction and the 
evaluation of the 
quality of next-gen
clinical trials including
external control arms
(Realise-D consortium 
and others)

2. INNOVATIVE 
TECHNOLOGIES FOR 

DATA ACCESS, 
HARMONIZATION AND 

PRIVACY

• EU-funded consortia 
developing innovative 
methodologies for data 
access, data 
harmonization, 
common data models 
and privacy (Synthema, 
GenoMed4all, Synthia)

4.1. BIULDING THE 
PLATFORM 

and

4.2 SUBMISSION TO 
EMA CHMP

• Procedure on 
“Qualification of 
novel methodologies 
for medicine 
development”

Early discussion with EMA                                         Monitoring/advisory by EMA                                                         Interaction with CHMP                
Scientific coordination by hematological community  
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