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Abstract 

The Innovative Medicines Initiative (IMI) Trials@Home project, launched in 2019, represents 

a broad multinational private-public collaboration committed to examining the potential of 

decentralised clinical trials (DCTs). Work Package 4 (EAGLE) was charged with the task of 

scrutinising the technical and regulatory nuances of DCTs to streamline regulatory decision-

making processes. This deliverable provides a tripartite analysis: First, it elucidates the 

language surrounding DCTs and evaluates their application in drug trials conducted in 2019-

2020. Second, it offers an exhaustive examination of regulatory perspectives, incorporating 

diverse stakeholder experiences. Lastly, it explores the complex interplay of technical and 

regulatory dimensions of DCTs in diverse clinical areas. This integrated analysis aims to 

shed light on the current state and future trajectory of DCTs in clinical research. 
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List of abbreviations and acronyms 
 
AMP Auxiliary medicinal product  
ATMP Advanced therapy medicinal product 
BfArM Federal Institute for Drugs and Medical Devices 
CIOMS Council for International Organizations of Medical Sciences 
CRO  Contract research organisation 
COVID-19 Coronavirus disease 2019 
CT Clinical trial 
CTA Clinical trial application 
CTFG Clinical trial facilitation group 
CTR Clinical trial regulation 
DCT Decentralised clinical trial 
DtP IMP direct-to-participant supply of the investigational medicinal product  
EMA European Medicines Agency 
EU European Union 
EC Ethics committee 
EWG Expert working group 
FDA Food and Drug Administration 
GCP Good clinical practice 
GDPR General Data Protection Regulation (EU) 2016/679 
HCP  Healthcare provider 
HTA 
HTAB  

Health technology assessment 
Health technology assessment body 

ICH International Council for Harmonisation of Technical Requirements for 
Pharmaceuticals for Human Use 

IMI  Innovative Medicines Initiative 
IMP Investigational medicinal product 
ITF Innovation Task Force 
MEDLINE National Library of Medicine’s 
NCA National competent authority 
RADIAL Remote and Decentralised Innovative Approaches to Clinical Trials 
SAB Scientific advisory board 
VHP Voluntary harmonisation procedure  
WP  
EAGLE 

Work package  
Ethical regulatory, GCP and legal aspects. 

 
Link to the Trials@Home glossary: https://trialsathome.com/trialshome-glossary/ 
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Introduction 
 

Decentralised clinical trial (DCT) approaches are transforming the landscape of clinical 

research, offering new opportunities for data collection and participant engagement. With 

advances in technology, DCTs are becoming increasingly popular because they allow people 

to participate in clinical trials from their home or other nearby location. DCTs leverage digital 

technologies to enable remote participation, reducing the need for physical visits to trial sites 

and potentially making clinical trials more accessible to participants. Potential benefits of 

DCTs include increased efficiency, reduced costs, and improved participant-centricity 

including participant inclusion and retention. However, DCTs also have important technical 

and regulatory implications that must be considered to ensure robust data generation and 

their successful integration into decision-making processes by health authorities (regulators 

and HTA bodies) and sponsors of DCT studies. 

 

This deliverable provides an in-depth explanation of the importance of regulatory implications 

of DCTs in decision-making by exploring key issues and challenges as well as the 

experiences of various stakeholders. The report is divided into three main sections, each 

focusing on a specific aspect of DCTs. Each section also provides a summary of key points 

derived from various published scientific articles on the topic at hand (available in full in the 

supplementary material provided). The sections are as follows: 

 

Section 1: Defining and Evaluating Decentralised Clinical Trials: Activities Reported in Clinical 

Trial Protocols  

This section clarifies the various terms used to describe DCTs, such as remote, patient-

centric, site-less, virtual and digital clinical trials, to establish a common understanding on the 

terminology used. Additionally, this section provides insights into the current situation by 

assessing the implementation of decentralised trial activities in drug trials initiated in 2019–

2020.  

 

Section 2: Regulatory Perspectives and Experiences in Decentralised Clinical Trials: A 

Comprehensive Analysis 

This section describes the interaction between different DCT stakeholders, especially 

focusing on feedback from regulators for the RADIAL trial. Additionally, the section highlights 

the opportunities and challenges of DCTs from the perspectives of European regulators, 

health technology assessment (HTA) bodies, sponsors, site study staff and couriers involved 

in investigational medicinal product (IMP) supply. 
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Section 3. Exploring Technical and Regulatory Implications for Optimal Decision-Making in 

Key Clinical Areas 

In this section, the technical and regulatory implications of DCTs for efficient decision-making 

are investigated in several clinical fields. This section includes a survey of the views of EFPIA 

(European Federation of Pharmaceutical Industries and Associations) partners and other 

stakeholders on the regulatory implications for these clinical areas. 

 

By providing a comprehensive analysis of the current state of DCTs and their impact on 

various stakeholders, this report illuminates the potential benefits, challenges, and 

opportunities that DCTs bring to the clinical research landscape.  
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Section 1: Defining and Evaluating Decentralised Clinical Trials – Activities 
Reported in Clinical Trial Protocols and Published Trials 
 
What are remote, decentralised, patient-centric, site-less, virtual, and digital clinical 
trials? From confusion to consensus. 
Yared Santa-Ana-Tellez, Bart Lagerwaard, Amos J de Jong, Helga Gardarsdottir, Diederick E 
Grobbee, Kimberly Hawkins, Megan Heath, Mira GP Zuidgeest, Trials@Home Consortium. 
Drug Discov Today. 2023 Apr;28(4):103520.  
 
Clinical trials are essential in evaluating the benefits and risks of new medicines, medical 

devices and non-pharmacological interventions. However, these trials involve numerous 

challenges, such as slow participant recruitment, low retention rates, burdensome trial-related 

visits, high costs and limited generalisability of trial results. The growing implementation of 

digital health technologies, including wearable devices, mobile applications and telemedicine, 

facilitates remote recruitment, assessment and monitoring of trial participants, reducing the 

time and effort required for travelling to investigator sites. 

 

The COVID-19 pandemic, with its strict social distancing and travel restrictions, forced the 

clinical research community to adjust how they managed clinical trials, increasing the 

adoption of digital and innovative operational approaches. During this time, regulatory 

authorities like the FDA and EMA provided temporary flexibilities for various trials to ensure 

their continuation, remote consent guidelines, investigational medicinal product distribution 

and telemedicine visits. However, the lack of standardised terminology for describing these 

operational models in clinical trials, such as site-less trials, digital trials and decentralised 

clinical trials, has impeded discussions between stakeholders. Consequently, to provide an 

overview of this field’s heterogeneous terminology, a scientific literature review was performed 

to map the terminology associated with clinical trials centred on participants using technology 

and innovative operational approaches. 

 

The authors conducted a literature review using MEDLINE®, searching for terms like ‘digital 

trials’, ‘virtual trials’, ‘site-less clinical trials’, ‘patient-centred trials’, ‘remote trials’ and 

‘decentralized clinical trials’. They identified 211 articles and selected 26 after applying 

various inclusion and exclusion criteria. Next, the various extracted terms were divided into 

three groups: terms regarding the use of technology, terms involving the participant and terms 

concerning location. Clinical trial terms were grouped into three categories: technology-

focused, participant-focused and location-focused terms. 
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Technology-focused terms: 

Internet-based, online and web-based clinical trials are those conducted online, which have 

advantages such as reduced cost and improved conduct but also require attention to 

electronic data security. 

Virtual clinical trials are characterised by limited in-person visits, rely on technology for 

interaction and data collection and are sometimes confused with ‘in-silico’ trials. 

Digital clinical trials use technology to improve trial activities like recruitment, data collection 

and analysis. 

 

Participant-focused terms: 

Patient-centricity is a concept where all aspects of a clinical trial, including design and 

outcome measures, centre around the participant. 

 

Location-focused terms: 

Site-less trials involve health professionals to manage participants remotely, usually via phone 

or videoconferencing. Remote clinical trials are coordinated by a local investigative team but 

are based remotely and often use technology for activities such as enrolment and electronic 

consent. Decentralised clinical trials involve a single pivotal site managing patients in their 

usual environment using telemedicine and local care providers. For example, a doctor can 

remotely monitor a patient’s progress through telemedicine, local caregivers can administer 

treatments, and wearable devices can track real-time health data. These trials can be 

completely remote or hybrid, with some required on-site visits. Remote decentralised clinical 

trials and decentralised virtual clinical trials are recent terms that emphasise the use of digital 

innovations to make trials more accessible to participants by relocating trial activities to their 

homes or local settings. 

 

This article discusses the need for a common terminology to describe clinical trials that centre 

trial activities around participants. Currently, multiple terms are used interchangeably in the 

literature, causing confusion among stakeholders, including patients, investigators, sponsors 

and regulators. In this study, the authors reviewed the existing literature and found that the 

most frequently used terms are ‘remote clinical trial’, ‘virtual clinical trial’ and ‘decentralised 

clinical trial’. However, each term has limitations and does not fully capture the benefits of the 

decentralised approaches for participants and the use of technology to ease trial conduct. 

Thus, the authors propose the use of the term ‘decentralised clinical trial’ (DCT) to refer to the 

operational model of clinical trials in which some or all the trial activities are designed to occur 

at or near the participant’s home rather than at a traditional clinical site. This process uses 

technologies and other innovative operational approaches to facilitate data collection. The 
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authors emphasise that DCT approaches do not necessarily decrease the number of clinical 

site visits and can be employed to meet other goals, such as enriching data sets or producing 

more continuous data collection in the ‘real world’. The authors recommend the use of the 

term DCT to ensure clear, effective communication among stakeholders and to facilitate 

productive discussions on the implementation, benefits and potential disadvantages of DCT 

approaches. 

 

The scientific publication underpinning this summary appears in supplementary material S1, 

which contains the entire study. 
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Which decentralised trial activities are reported in clinical trial protocols of drug trials 
initiated in 2019–2020? A cross-sectional study in ClinicalTrials.gov 
Amos J de Jong, Renske J Grupstra, Yared Santa-Ana-Tellez, Mira GP Zuidgeest, Anthonius 
de Boer, Helga Gardarsdottir on behalf of the Trials@ Home Consortium.BMJ Open. 2022 
Aug 29;12(8):e063236. 
 

DCT activities involve organising operational trial activities around the trial participants and 

conducting these activities away from investigative sites. Examples of decentralised trial 

activities include recruitment via social media, data collection using wearables and mobile 

applications, home nurse visits and direct-to-participant (DtP) supply of the investigational 

medicinal product (IMP). 

 

Implementing DCT activities in clinical trials (CTs) could address several issues with CT 

conduct, such as the heavy burden of participating in CTs and low recruitment and retention 

rates, and improve participant understanding, satisfaction, and protocol compliance. 

Decentralised consent, telemedicine visits, and DtP IMP supply could make CTs more 

participant-centred by reducing the number of required on-site visits. Additionally, data 

generated through wearables is less influenced by recall and observer bias caused by the 

change in behaviour (due to participants’ awareness that they are being observed) and could 

produce more continuous data collection than in traditional clinical trials. Beyond this, 

wearables could introduce novel digital endpoints, which are particularly pertinent in diseases 

for which no objective biomarker currently exists, such as disease progression in Parkinson’s 

disease. 

 

Furthermore, the COVID-19 pandemic has affected the acceptance of decentralised trial 

activities and the attitudes of various stakeholders, including sponsors, investigators and 

regulators, regarding the incorporation of these activities into CT. Regulators overseeing CTs 

have published guidelines on decentralised trial activities for which no instructions or 

legislation were available before the pandemic, including DtP IMP shipment and telemedicine 

visits. Since then, the United States Food and Drug Administration, the Danish Medicines 

Agency, Swissmedic, and EMA, among other organisations, have published guidelines on 

implementing decentralised trial activities in clinical research. 

 

In this vein, CT protocols from the ClinicalTrials.gov database with an (estimated) trial start 

date between January 1, 2019 and December 31, 2020 were analysed to investigate the 

occurrence of decentralised and on-site conduct of trial activities. As the World Health 

Organisation declared the COVID-19 outbreak a public health emergency of international 

concern (PHEIC) on 30 January 2020, this research importantly covers the time just before 
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and after the pandemic. This article discusses the increasing use of digital health technologies 

(DHTs) in clinical research and the potential benefits of decentralising clinical trial activities, 

such as reducing the burden on participants and improving recruitment and retention rates. 

The study collected data on CT characteristics such as trial location, type of sponsor, trial 

design, follow-up time, estimated sample size, type of participants involved and therapeutic 

area. The primary outcome of the study was the occurrence of decentralised, on-site conduct 

of predefined trial activities reported in CT protocols. The secondary outcome involved 

whether decentralisation was reported exclusively, complementarily or not at all. 

 

The study demonstrated that on-site conduct was more frequently reported than decentralised 

conduct for all trial activities with an on-site equivalent. On-site data collection and consenting 

were the most frequently reported trial activities, whereas decentralised data collection was 

the most frequently reported decentralised activity, followed by CT monitoring and participant 

outreach. Furthermore, the authors noted that of the 254 protocols analysed, only 138 were 

suitable to implement ‘direct-to-participant IMP supply’ and ‘decentralized IMP adherence 

monitoring’ because at least one IMP was administered in an at-home setting in these 

protocols. 

 

Additionally, the study revealed that the majority of decentralised data collection was used to 

complement on-site data collection (67.3%), and data collected exclusively by decentralised 

means was reported in only 1.6% of protocols. On the other hand, consent was exclusively 

on-site in 89.0% of protocols, whereas only 2.8% of protocols exclusively involved 

decentralised consenting.  

 

The authors found that although on-site conduct was more frequently reported than 

decentralised conduct, decentralised conduct was still commonly reported, particularly for 

data collection (68.9%), especially in phase 3 CTs (81.9%). However, decentralised conduct 

of other activities, such as obtaining consent (9.1%) and participant screening (4.7%), was 

less frequently reported. Additionally, trends in reporting over time were visible for several 

decentralised and on-site trial activities. For example, decentralised pre-screening increased 

by three percentage points, on average, per half a year, whereas on-site pre-screening was 

stable over time. Additionally, decentralised consenting increased from 4.2% in the first half of 

2019 to 20.9% in the first half of 2020, whereas on-site consenting decreased from 99.4% in 

the first half of 2019 to 81.4% in the first half of 2020. 

 

Beyond this, the study identified several hiatuses in CT protocols, such as incomplete 
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reporting of training of staff and participants, CT monitoring and participant outreach. This 

incomplete reporting may affect the interpretation of CT results and the design of future CTs. 

Therefore, future protocols should clearly distinguish between on-site and decentralised 

conduct. 

 

The study revealed that decentralised trial activities were implemented in a minority of CTs, 

and there is limited information about the extent to which activities were implemented in CTs. 

Therefore, further research on this topic is needed, to address the challenges associated with 

the implementation of decentralised trial activities to improve participant experience and 

outcomes. Despite the limitations of the study, such as the limited number of protocols 

available for 2020, the findings demonstrated that a broad set of operational trial activities can 

be executed in a decentralised fashion. Therefore, the authors suggest that sharing 

experiences on trial activities frequently and infrequently executed in a decentralised fashion 

could help progress future use and drive mutual learning among clinical research 

stakeholders to benefit trial participants. 

 

The scientific publication underpinning this summary appears in supplementary material S2, 

which contains the entire study. 
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Section 2: Regulatory Perspectives and Experiences in Decentralised 
Clinical Trials: A Comprehensive Analysis 
 
Decentralised Clinical Trials: Insights from meetings with the European Medicines 
Agency Innovation Task Force and requested Scientific Advice  
Regulatory advice Task Force of Trials@Home 

  

The Trials@Home consortium is exploring not only the opportunities and benefits offered by 

DCTs, but also the challenges and their potential solutions. Earlier in this project, the 

Trials@Home consortium sought the input of the Innovation Task Force (ITF) of the European 

Medicines Agency (EMA) and the scientific advice of a National Competent Authority (NCA) 

on various aspects of the consortium’s proposed pan-European pilot study (RADIAL). The 

objective of the proof-of-concept RADIAL study is to compare the scientific and operational 

quality of fully decentralised and hybrid approaches to a conventional clinical trial approach 

and evaluate the feasibility of such approaches. 

As part of the planning and preparations for RADIAL, the Trials@Home consortium realised 

that consultation with the ITF and a NCA would be highly beneficial.  

 

This article outlines the discussions held during the EMA ITF meeting (27/05/2021) and with a 

NCA (24/09/2021) on the design and implementation of the RADIAL trial. We have separated 

the discussions based on the Trials@Home building block classification scheme developed 

by WP2 TECH (Technologies – Barriers, enablers, and data management) into the following 

phases:  

• Set-up and design 

• Conduct of the trial 

• Safety oversight  

• Data collection 

• Closing phase of the clinical trial 

 

In the setup and design phase, protocol development was underway when the meetings with 

the regulators took place, with the Consortium finalising aspects such as alerts for glycaemia 

measurements, and dose injections. The technology setup had yet to be completely defined, 

and the choice of devices such as wearables was still being made.  

The ITF provided crucial advice on the regulatory compliance for these devices. The ITF 

highlighted ethical implications and legal concerns related to the investigators’ roles and 

responsibilities. The NCA raised questions about data handling, patient-generated data, and 

the intended use of an eSource Direct Data Capture tool in the trial.   
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Moving onto the recruitment and enrolment phase, the NCA raised questions on participant 

outreach specifically on the potential bias in recruitment across different arms. The NCA 

commented on the selection bias that may arise from the use of social media platforms for 

recruitment. In terms of pre-screening, the ITF suggested that digital literacy should be 

measured during enrolment and factored into the analysis of results. The NCA had concerns 

about validating patient eligibility and assessing exclusion criteria via telemedicine, 

emphasizing the essential role of treating physicians within the trial. They also raised 

questions about pre-screening processes, informed consent, and data protection issues with 

electronic consent materials. 

 

In the data acquisition there was focus on gathering and managing real-world data, such as 

that from wearables and glucose monitoring devices. The management of study-generated 

data has been discussed in terms of patient satisfaction and burden of data collection, with 

the ITF questioning how adverse events will be collected in the remote and hybrid arms. 

 

Regarding safety oversight T@H consortium proposed four defence lines to ensure 

participant safety, leveraging technology for semi-automated safety monitoring, these include: 

i) automated guidance to participants on medication and event reporting, ii) notifications to the 

research team for potential safety signals, iii) escalation of serious issues to the Principal 

Investigator, iv) further escalation to the monitoring team if previous steps don’t lead to 

appropriate action. 

The ITF raised questions about the triggers used for the different defence lines proposed and 

expressed concern about potential bias in the comparison of recruitment across the different 

study arms.  

 

Home health visits have been incorporated into the study plan and the laboratory setup and 

sampling process have been determined. Self-intervention and self-monitoring are 

emphasised, with the plan for participants to provide daily glucose readings and self-report 

safety events. There was also a focus on the investigator’s role in ensuring participant 

medical safety and complying with ICH E6 guidelines.  

  

Patient engagement 

The ITF has emphasised the need for clear communication between investigators and 

participants, the Consortium has stressed the importance of direct messaging to participant, 

such as digital reminders for dose injections and alerts for glycaemia measurements. The 

participation of the patient panel in the study setup has been mentioned. 
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Closing Phase of the Clinical Trial 

The ITF and the Consortium also discussed follow-up interactions and reporting procedures 

post-trial.  The Consortium requested the ITF’s feedback on selected KPIs/endpoints and on 

the use of novel technologies for safety monitoring. The ITF recommended considering the 

quality of interactions, possible selection, and digital literacy of the participants when 

assessing the results.  

 

One significant challenge facing the implementation of DCTs is the diversity of country-

specific regulations and requirements. The ITF recommended seeking scientific advice from 

NCAs and CHMP and exploring various options, such as parallel consultation or national 

scientific advice which was later done by consulting BfArM. This challenge highlights the 

importance of close collaboration between regulatory agencies, clinical investigators, and 

sponsors in navigating the complex regulatory landscape in which DCTs operate.  

 

Conclusion 

The willingness of the ITF and BfArM to provide support and expertise to Trials@Home 

suggests that collaboration between parties (sponsor/investigators and regulators) is possible 

and benefitable. Such collaboration can contribute to the successful implementation of DCTs 

and help shape the future of clinical research. By sharing the lessons learned from the pilot 

study and engaging in ongoing dialogue, Trials@Home, the EMA and NCAs can work 

together to refine existing guidelines, produce new guidelines, and develop best practises for 

DCTs. 

 

In conclusion, close collaboration between regulatory agencies, clinical investigators, and 

sponsors is essential to overcome the challenges associated with DCTs and ensure the 

highest standards of participant safety and data quality. By working together and learning 

from pilot studies, such as the RADIAL study conducted by Trials@Home, the clinical 

research community can continue to advance and innovate, paving the way for a more 

efficient and accessible clinical-trial landscape. 

 
The scientific publication underpinning this summary is currently being drafted and the 

authors aim to make the article publicly available through publication in a scientific journal.  
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Opportunities and Challenges for Decentralised Clinical Trials: European Regulators’ 
Perspective  
Amos J de Jong, Tessa I van Rijssel, Mira GP Zuidgeest, Ghislaine JMW van Thiel, Scott 
Askin, Jaime Fons-Martínez, Tim De Smedt, Anthonius de Boer, Yared Santa-Ana-Tellez, 
Helga Gardarsdottir, on behalf of the Trials@ Home Consortium Clin Pharmacol Ther. 2022 
Aug;112(2):344-352. 
 

Clinical trials are critical in determining the efficacy and safety of therapeutic interventions. 

However, the processes involved in conducting clinical trials, including participant recruitment, 

data collection and preventing loss to follow-up, can be suboptimal and can hinder the clinical 

development of new interventions. Frequently, these processes are burdensome for 

participants, leading to low participation and retention rates.  

 

The COVID-19 pandemic has catalysed the use of decentralised elements to ensure 

participant safety and maintain data integrity. Since the pandemic, investigators and sponsors 

have been interested in incorporating decentralised trial elements, and regulators have 

expressed interest in DCTs by issuing guidance and monitoring DCT pilot studies. However, 

relatively few full DCTs have been conducted in Europe thus far, regulatory requirements and 

a perceived low degree of acceptance by national competent authorities and ethics 

committees limit their implementation. 

 

To identify the opportunities and challenges for DCTs from a regulatory perspective, this study 

employed in-depth, semi-structured interviews with 20 European regulators involved in 

assessing the application, implementation, and interpretation of clinical trials. The interviews 

revealed five major themes: justification of decentralised elements, sponsor and investigator 

responsibilities, trial participants’ interests, data quality and future directions. Both 

opportunities and challenges applicable to DCTs and conventional clinical trials were 

identified. 

 

The respondents indicated that decentralised elements should suit the research question and 

be clearly described and justified on a case-by-case basis within the clinical trial protocol. 

Additionally, risks associated with implementing decentralised elements should be anticipated 

and mitigated. Late-phase confirmatory clinical trials were considered more suitable for DCTs 

than early-phase trials. Opportunities to conduct DCTs for chronic diseases, low-risk diseases 

and rare diseases were recognised by several respondents because of the ability to self-

manage chronic diseases and the wider geographic reach for recruiting participants with rare 

diseases. However, therapeutic areas that require careful assessment or observation —such 

as Parkinson’s disease and oncology— were considered less appropriate for DCTs.  
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The regulators further believe that DCTs can be considered for various types of trials but that 

decentralised elements must be justified using the research question and trial characteristics. 

The benefits of DCTs include reducing the participation burden, allowing underserved groups 

to participate in clinical trials, and capturing data from the ‘real world’. However, reducing 

face-to-face contact, maintaining investigator oversight when involving third parties and the 

possible impact of decentralisation on data quality are considered challenges to implementing 

DCTs. 

 

The article identifies six aspects related to data quality that are important in DCTs: 

generalisability, participant preference, big data, data completeness, variability and validation. 

Challenges associated with validating digital technologies have hindered these technologies’ 

adoption. Involving third parties, such as home nurse services, may be necessary to manage 

DCTs, but investigators may be hesitant to delegate specific tasks, and training third parties 

can create additional challenges. 

 

Finally, this article concludes that regulators are open to DCT proposals, but their experience 

with full DCTs is limited. Harmonising guidance and regulations on decentralised elements at 

European level could facilitate the uptake of DCTs and overcome the need for country-

specific adjustments. Consequently, future studies are recommended to determine whether 

decentralised elements and recruitment approaches permit the inclusion of a more 

representative and diverse trial population. Additionally, further work could develop a 

regulatory framework for DCT assessment and educational activities. 

 

The scientific publication underpinning this summary appears in supplementary material S3, 

which contains the entire study. 
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Evaluating the European Health Technology Assessors’ Perspective on Decentralised 
Clinical Trials 
Amos J. de Jong, Nadi Shahid, Mira G.P. Zuidgeest, Yared Santa-Ana-Tellez, Milou 
Hogervorst, Wim Goettsch, Hamidou Traore, Anthonius de Boer, Helga Gardarsdottir, on 
behalf of the Trials@Home Consortium 
 

Health technology assessment (HTA) is a multidisciplinary process that determines the value 

of health technology at various stages of this technology’s lifecycle to promote a high-quality, 

efficient and equitable health system. In this process, HTA bodies (HTABs) conduct 

assessments to inform decisions, such as medication reimbursement. With the advent of 

digital health technologies (DHTs), decentralised clinical trials (DCTs) have emerged, 

enabling clinical trials to be conducted around the participant’s homes. 

 

The perspective of HTABs on DCTs have not been formally evaluated. Therefore, this study 

investigated the opportunities and challenges for DCTs in supporting HTA decision-making 

from a European perspective. 

 

This study used semi-structured, in-depth interviews with representatives of European 

HTABs. The authors conducted 24 interviews with 25 respondents to assess perceptions and 

experiences with DCTs. The study’s findings were categorised under two main themes: 

“Acceptability and relevance of DCT data” and “DCTs in HTA decision-making”. 

 

Acceptability and relevance of DCT data 

Participants noted concerns about missing data, variability and validating data collection 

methods in DCTs. Although DCTs were expected to reduce missing data due to their 

convenience and continuous data collection, they could also cause more missing data due to 

connectivity issues or reduced willingness to fill out recurring patient-reported outcomes 

(PRO). Furthermore, the participants mentioned the potential for both increased and 

decreased biases with DCTs. Although DCTs could reduce recall bias and the ‘Hawthorne 

effect’, they could also increase the risk of unblinding when participants can see their own 

outcomes. From an economic perspective, DCTs could offer informative quality of life (QoL) 

data, by reducing recall bias and administration in a real-life setting. Additionally, the 

respondents in this study noted that DCTs could potentially attract more diverse participants, 

including individuals who are unable or unwilling to frequently visit the trial sites. However, 

DCTs could select participating groups based on digital literacy, willingness to use technology 

and access to technology. 
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Decentralised Clinical Trials in Health Technology Assessment decision-making 

Although most of the respondents had no experience with full DCTs, many had experience 

with individual DCT elements, including remote data collection, wearables and telemedicine 

visits. The respondents believed that simple measures and outcomes that require frequent 

monitoring are suitable to be evaluated utilizing DCT approaches. However, endpoints 

requiring physical examinations or complex measurements and interventions necessitating 

close monitoring or complex administration were considered inappropriate for DCTs. 

Additionally, the respondents discussed the role of DCTs in the evidence framework and its 

relation to real-world, observational studies and pragmatic trial approaches. In this regard, the 

respondents mentioned that DCT approaches should be employed to generate evidence in 

addition to conventional randomized controlled trials.  

 

This study identified potential benefits and concerns regarding data generated utilising a DCT 

approach and its value for HTA decision-making. Stakeholder views reflect cautious optimism 

toward DCTs but the views also emphasise the need to consider potential risks.  

 

The scientific publication underpinning this summary is currently being drafted and the 

authors aim to make the article publicly available through publication in a scientific journal.  

  



20 

 

 

Direct-to-Participant Investigational Medicinal Product Supply in Clinical Trials in 
Europe – Exploring the Experiences of Sponsors, Site Study Staff, and Couriers  
Amos J. de Jong, Yared Santa-Ana-Tellez, Mira G.P. Zuidgeest, Renske J. Grupstra, 
Fatemeh Jami, Anthonius de Boer, Helga Gardarsdottir, on behalf of the 
Trials@Home Consortium 
 

Implementing direct-to-patient (DtP) solutions for investigational medical product (IMP) supply 

in Europe is hindered by the lack of harmonised regulatory guidance and the varying 

perspectives of national competent authorities (NCAs). 

 

To support the development of harmonised regulatory guidance, this study explored how the 

DtP IMP supply was employed in trials executed in Europe before and during the COVID-19 

pandemic. Data were collected through online, semi-structured interviews with 

representatives from pharmaceutical companies, courier services and investigative sites. The 

participants were selected based on their involvement in IMP handling and their experience 

with DtP IMP supply in Europe. Maximum variation and snowball sampling were employed to 

capture diverse perspectives. 

 

Several DtP IMP supply models employed in Europe were identified, including the site-to-

participant model, local and central pharmacy-to-participant models. The respondents 

discussed experience with the delivery of IMP by home nurses, postal mail and courier 

services and collection at local pharmacies.  

 

Additionally, the researchers identified the drivers of DtP supply implementation, including the 

need to improve patient access and convenience, reduce costs and burden on sites and 

mitigate risks associated with COVID-19. Beyond this, the study identified the barriers and 

facilitators of implementing DtP solutions in Europe. The main barriers identified were the lack 

of harmonised regulatory guidance and the varying perspectives of NCAs. Furthermore, the 

respondents highlighted the need for infrastructure and technology to support DtP solutions 

and the importance of patient and site engagement. 

 

The first model discussed was the site-to-participant supply model, which was noted as 

relatively easy to implement but had logistical burden associated with the shipment of IMPs to 

participants. This method may also be challenging when IMPs have stringent stability 

requirements. In contrast, shipment from a central location was considered most efficient 

because only IMPs which have been ordered by interactive response technology (IRT) are 

dispensed, reducing spillage and reducing costs of establishing sites’ pharmacies. However, 

for central shipment, services provided by a nurse or pharmacist, such as answering 
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participants’ questions, were expected to be limited. 

 

The study noted that not all DtP supply models are suitable for all types of IMPs. In this 

regard, IMP characteristics such as safety profile, phase of development, stability, need for 

complex preparations and route of administration must be considered when selecting a DtP 

supply solution. Marketed drugs are particularly suitable for DtP supply through local 

pharmacies because participants may obtain them with a prescription. 

 

The article discussed the advantages and disadvantages of different delivery methods for 

DTP supply. Shipment via postal mail was considered financially attractive but may not be 

suitable for certain IMPs, such as controlled analgesics, where the identity of the recipient 

cannot be ascertained. Dedicated courier services were noted to be advantageous since they 

could deliver the IMP to locations other than the participant’s homes, such as campsites or 

workplaces. 

 

Moreover, the study discussed the drivers for DtP supply implementation. The COVID-19 

pandemic was noted as a significant motivator for exploring DtP approaches because it 

ensured clinical trial continuation during the pandemic. Additionally, DtP approaches were 

perceived to make clinical trials more patient-centric by reducing the need for on-site visits, 

reducing travel expenses and facilitating participation for those individuals who live far from 

investigative sites, and for those with mobility challenges or people experiencing distress 

during visits. However, certain barriers to implementation remain, such as unharmonized 

regulations and privacy and data protection considerations. 

 

Overall, investigators are responsible for the IMP-dispensing process, IMP-adherence 

monitoring and participant safety, but they may delegate tasks to third parties such as courier 

services or central or local pharmacies. Some investigators were hesitant to delegate tasks to 

third parties, but it was suggested that this could be solved by engaging site staff in the setup 

and execution of DtP processes and providing an opt-in/opt-out possibility for the site.  

 

The study distinguished four models of DtP IMP supply: (i) investigative site-to-participant, (ii) 

central pharmacy-to-participant, (iii) local pharmacy-to-participant and (iv) sponsor-to-

participant. The article explained that the investigative site-to-participant model is currently the 

most frequently employed model in Europe because there are no regulatory barriers to its 

implementation, and it is seen as the closest model to the traditional pathway in a non-DCT 

setting. However, this model can potentially impact the quality of the medicinal product and 

cause additional burdens for site study staff and participants. 



22 

 

 

 

Beyond this, the article discussed the regulatory barriers that hamper the local and central 

pharmacy-to-participant models, such as a lack of harmonised regulations and acceptability, 

restricted access to personally identifiable data and the willingness of investigators to 

delegate tasks regarding IMP-dispensing and accountability. The study revealed that the local 

pharmacy-to-participant model was considered most suitable for investigating IMPs with 

market authorisations and should be explored for low-intervention clinical trials under the EU 

Clinical Trials Regulation. 

 

Additionally, the article advocated for more explicit definitions in guidance documents and 

case study reports to share best practices while acknowledging different combinations of 

models and means of IMP delivery. The study also suggested that future research should 

focus on patient and investigator acceptability of these approaches and investigate the impact 

of DtP IMP supply on IMP adherence and accountability. 

 

The scientific publication underpinning this summary appears in supplementary material S4, 

which contains the entire study. 
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Section 3. Exploring Technical and Regulatory Implications for Optimal 
Decision-Making in Key Clinical Areas 
 
Survey EFPIA partners on their views of regulatory implications for different clinical 
areas.  
Yared Santa-Ana-Tellez, Amos J de Jong, Tessa I van Rijssel, Kate Huntley, Olenka van 
Ardenne, Hamidou Traore, Helga Gardarsdottir, on behalf of the Trials@ Home Consortium  
 

The trend in implementing DCT approaches is reshaping the clinical research landscape, 

making it crucial to fully understand its technical and regulatory intricacies. In this search for 

clarity, we sought insights of representatives of the European Federation of Pharmaceutical 

Industries and Associations (EFPIA) through a survey. The objective of the survey was to 

gather experiences and insights on the operational, regulatory, and decision-making aspects 

of conducting DCTs in different clinical areas. The survey was conducted between March and 

May of 2023. The learning derived from this exercise revealed a complex landscape with 

challenges and opportunities. 

 

Among the respondents, a broad spectrum of roles within pharmaceutical companies (27 out 

of 30) was represented, from clinical compliance officers, regulatory directors, and associate 

directors to statisticians. The geographical distribution of these respondents was equally 

extensive, with the majority from the United States (10 out of 30), Switzerland (6 out of 30), 

and the United Kingdom (4 out of 30). Their collective expertise covered various stages of 

drug development and various diseases, including, but not limited to, cancer, cardiovascular 

disease, and immunological disorders. 

 

Many of these professionals indicated high levels of competence in drug development (17 out 

of 30 rated 5 out of 5). Furthermore, while their experience with DCTs varied, most reported 

significant experience. As a result, they were able to provide unique insights into the 

perceived benefits of DCT, such as enhanced patient participation and higher recruitment and 

retention rates, particularly in cancer research.  

 

Regarding DCT approaches, data quality and security, remote monitoring strategies, and 

regulatory compliance were among the key study design concerns expressed by the 

respondents. Furthermore, they emphasised technical difficulties related to data integration 

and remote participant monitoring. Despite these concerns, the respondents proposed many 

potential solutions, including, but not limited to, investment in staff training, standardisation of 

remote monitoring procedures, and enhancement of patient engagement strategies. In 

addition, they emphasised the need for robust data management software, stringent data 
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security protocols, and the greater acceptance of digital endpoints by regulatory bodies. 

 

Another important aspect that came to the forefront was regulatory implications, particularly 

those related to side effect management and reporting. The promise of technology-enabled 

real-time monitoring and reporting, together with increased collaboration among contract 

research organisations (CROs), pharmaceutical companies, and healthcare providers, was 

viewed as a compelling strategy. 

 

However, despite the enthusiasm for DCTs, regulatory challenges still need to be addressed. 

Compliance with data protection regulations, and local regulations were identified as the 

primary obstacles. The respondents expressed concerns about varying regulations in the 

different EU member states, specifically those related to the delivery of IMP direct-to-

participant and data protection laws like the GDPR. They highlighted the potential risk of 

exclusion of specific demographics due to technological competence requirements. 

 

The respondents emphasised the urgent need for clear guidelines for compliance with good 

clinical practice and greater harmonisation of regulatory requirements. Proposing avenues for 

improvement, they stressed enhancing data protection measures, creating robust data-

sharing agreements, and increasing the oversight of ethics boards. The respondents 

advocated for more support and guidance from health authorities, particularly with respect to 

the use of technology for remote assessment of adverse events.  

 

In navigating the complex path toward broader adoption of DCTs, the respondents 

emphasised the need to focus on cost efficiency, user friendliness for both sites and 

participants. Interestingly, feedback from the survey indicated that a more detailed 

examination of patient engagement could significantly benefit the ongoing conversation about 

DCTs, thus underlining the criticality of these elements.  

In conclusion, this survey reveals that while DCTs present unique technical and regulatory 

challenges, the industry is poised and ready to embrace DCT approaches more broadly. The 

insights from our survey underscore that with better guidelines, strategic planning, and a 

collaborative approach, we can effectively navigate the complexities and maximise the 

benefits of DCTs.  

 
The scientific publication underpinning this summary is currently being drafted and the 

authors aim to make the article publicly available through publication in a scientific journal.  
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Overall discussion conclusion 
 
This multifaceted analysis under the Trials@Home project provides a comprehensive picture 

of the potential, as well as the limitations associated with DCTs. The implications of these 

findings span both operational and regulatory perspectives in the field of clinical research. 

 

The ambiguity of terms within the literature was an initial challenge that we addressed, one 

that could lead to confusion among stakeholders. We concluded that the term decentralised 

clinical trial is most appropriate to encapsulate “the operational model of clinical trials in which 

trial activities are designed to take place at, or in the vicinity of, the participan’'s home, rather 

than at a traditional clinical site. This approach can make use of technologies and other 

innovative operational approaches to facilitate data collection.” This terminology consensus is 

vital to facilitate effective communication among stakeholders and foster a better 

understanding of the potential benefits and l disadvantages of DCT approaches. 

 

We further examined the implementation of DCTs in clinical trials initiated in 2019-2020. Our 

cross-sectional analysis of ClinicalTrials.gov demonstrated the emerging stage of integration 

of DCTs, with a minority of trials incorporating decentralised activities. This illustrates the 

underuse of DCTs, prompting the need for additional research. Sharing experiences and 

fostering an environment for mutual learning among clinical research stakeholders could be 

key to accelerating the adoption of DCTs. 

 

In evaluating regulatory perspectives and experiences, we observed a notable willingness to 

collaborate and support DCTs from regulatory entities such as the EMA ITF and BfArM. 

These positive interactions between regulators and initiatives such as Trials@Home suggest 

that DCTs can become a well-supported operational approach within clinical research. In this 

cooperative atmosphere, the lessons learnt from pilot studies such as the RADIAL study can 

help refine guidelines and develop best practises, leading to successful implementation and 

helping to shape the future of clinical research. 

 

However, we also identified possible challenges that come with the implementation of DCTs. 

Data concerns, such as generalisability, participant preference, big data management, data 

completeness, variability, and validation, pose hurdles. In addition, engaging third parties to 

manage DCTs, validating digital technologies, and training these parties brings additional 

complexities. 
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The industry's eagerness to adopt DCTs is apparent, but navigating the complexities and 

maximising the benefits of DCTs requires strategic planning, better guidelines, and a 

collaborative approach among all stakeholders. For example, the DtP IMP supply analysis 

presented the different models and their limitations, demonstrating the need for more detailed 

guidelines and robust regulatory frameworks. 

 

Lastly, the lack of harmonised guidance and regulations, particularly on a European level, was 

seen as a significant roadblock for DCT’' widespread adoption. Overcoming this would 

necessitate concerted efforts towards aligning regulations and guidance across countries, 

facilitating the smooth conduct of DCTs, and alleviating the need for country-specific 

adjustments. 

 

The discussions presented in this report underscore the necessity of creating an inclusive, 

collaborative and forward-thinking culture within the clinical research community. This would 

help overcome technical and regulatory challenges, accelerate the adoption of DCTs, and 

ultimately lead to more efficient and accessible clinical trials. 

 

The potential benefits of DCTs for clinical research will be evaluated in the RADIAL trial, such 

as accessibility and participant experience. Furthermore, translating these benefits into 

widespread reality requires addressing a series of significant challenges. More research is 

needed to understand the acceptability of participants and investigators of different 

decentralised approaches and to explore the impact of DtP IMP supply on adherence and 

accountability. Such research will help create a robust framework that ensures both 

participant safety and data integrity, two cornerstones of successful clinical trials. 

Our analysis underscores the need for unified terminology, robust support for DCT 

implementation, comprehensive guidance, strategic planning, and collaboration among all key 

stakeholders. 

 

Similarly, establishing best practises and sharing lessons learnt from different models can 

further provide invaluable information to those planning to use DCTs. 

 

An additional area that demands attention is the integration of technology. Given the heavy 

reliance of DCTs on digital tools for data collection and management, validating these 

technologies is critical to maintaining the reliability of the results. Concerns about data 

completeness, variability, and validation must be addressed effectively to ensure the 

credibility and validity of the data collected in DCTs. 
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The role of third-party services in the management of DCTs is another dimension that 

requires careful consideration. Although engaging third parties can enhance the efficiency of 

DCTs, it also raises questions about task delegation and data privacy, which must be handled 

with care. 

 

In summary, our findings suggest that while DCTs hold significant promise for the future of 

clinical research, the realisation of their potential requires addressing a complex matrix of 

technical, operational, and regulatory challenges. Collaboration between stakeholders is of 

utmost importance, as it allows mutual learning and shared problem-solving. 

 

As the clinical research community continues to learn from pilot studies and refine practises 

and guidelines, we suggest that widespread adoption of DCTs could potentially lead to a more 

efficient and participant-centric clinical trial landscape. This change will reflect a paradigm 

shift from traditional site-focused trials, thereby revolutionising the way clinical research is 

conducted. 
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There is increasing interest in clinical trials that use technologies and other innovative operational
approaches to organise trial activities around trial participants instead of investigator sites. A range of
terms has been introduced to refer to this operational clinical trial model, including virtual, digital,
remote, and decentralised clinical trials (DCTs). However, this lack of standardised terminology can
cause confusion over what a particular trial model entails and for what purposes it can be used,
hampering discussions by stakeholders on its acceptability and suitability. Here, we review the
different terms described in the scientific literature, advocate the consistent use of a unified term,
‘decentralised clinical trial,’ and provide a detailed definition of this term.

Keywords: decentralised clinical trial; remote clinical trial; virtual clinical trial; telemedicine; direct-to-patient; patient-
centric

Introduction
Clinical trials are indispensable in demonstrating the benefits
and risks of new medicines, medical devices, and nonpharmaco-
logical interventions. However, many challenges can impact
clinical trial conduct, such as slow participant recruitment, low
participant retention, the burden of trial-related visits to the
investigative site, high costs, and impact of the trial results,
resulting from the limited generalisability of trial results to rou-
tine clinical practice [1–2]. The increasing implementation of
digital health technologies, such as wearable devices, mobile
applications, and telemedicine, in clinical trials now makes it
possible to recruit, assess, and monitor trial participants without
them having to leave their homes or their local healthcare envi-

ronment. This reduces the time participants spend travelling to
the investigator site and allows for the inclusion of participants
who live further away and, as a consequence, might be unable
to travel to the clinic. Additionally, the inclusion of digital health
technologies could reduce the burden of participating in clinical
trials, possibly facilitating recruitment, and increasing the diver-
sity and subsequent generalisability of the trial findings [3].

The Coronavirus 2019 (COVID-19) pandemic, during which
strict social distancing and travel restrictions were implemented,
forced the clinical research community to adjust clinical trial
management. As a result, investigators and sponsors had to
implement diverse solutions, such as telemedicine, and other
operational approaches to safeguard patient safety and guarantee
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clinical trial continuation without participants going to an inves-
tigator’s site [4–6]. Regulatory authorities, such as the US Food
and Drug Administration (FDA) and the European Medicines
Agency (EMA), responded by providing temporary flexibilities
for various trials to ensure trial continuation [7–9], including
guidance on obtaining remote (electronic) consent, distributing
investigational medicinal products (IMPs) directly to the partici-
pants, and use of telemedicine visits.

This already increasing interest, catalysed by the COVID-19
pandemic restrictions and subsequent drive to implement digital
and innovative operational approaches, now provides the oppor-
tunity to explore such alternative operational clinical trial mod-
els, which centre trial activities around trial participants rather
than around investigator sites. The operational approach in clin-
ical trials refers to the practical aspects of the implementation of
the trial, including recruitment, staff training, data management,
and operational details. A wide range of terminology has evolved
to describe this operational model in clinical trials, such as site-
less trials, digital trials, and decentralised clinical trials, to men-
tion some (Box 1).

The lack of standardised terminology for describing this oper-
ational model impedes discussions between stakeholders,
because identical terms can be used to describe different opera-
tional clinical trial models or even different methodological
aims, hampering discussions of the scope, suitability, and accept-
ability of trial models and specific trial activities. For example,
the term ‘virtual clinical trial’ has been used to describe not only
technology-enhanced clinical trials involving participants, but
also computer-modelled or in silico clinical trials in which no
actual participants take part [10–12]. In addition, both ‘decen-
tralised’ and ‘virtual’ clinical trials have been used to describe tri-
als with a more pragmatic trial design [13–14], whereas the
operational model of centring trials around participants could
also be used for the more traditional explanatory clinical trials
[15], which aim to show the isolated drug effect under strictly
controlled circumstances [13–14]. Therefore, here we map the
terminology on clinical trials that centre trial activities around
the participant using technology and other innovative opera-
tional approaches, by exploring the definitions described in the
scientific literature. We highlight differences between and (dis)
advantages of the identified terms. In addition, we advocate
the use of a single term to harmonise discussions concerning
such clinical trials. Agreement on terminology and a description
of what this type of clinical trial entails, including its limitations,
could ease and improve stakeholder interaction, including regu-
latory and ethical processes.

Literature review of terms used to describe clinical
trials
We conducted a literature review of terms used to describe clini-
cal trials that utilise technology and other innovative operational
approaches to centre the trial around the participant, using
MEDLINE (via PubMed) as the main search engine. The search
strategy included the following terms using both British and
American English spelling: ‘digital trials’ or ‘digital clinical trials’;
‘virtual trials’ or ‘virtual clinical trials’; ‘site-less clinical trials’;
‘patient centred trials’ or ‘patient centric trials’; ‘patient centric

clinical trial’ or ‘patient centred clinical trial’; ‘remote patient
centred trials’; ‘remote trials’ or ‘remote clinical trials’; ‘decen-
tralised clinical trials’; ‘online clinical trials’; ‘direct-to-patient’
and ‘clinical trial.’ The search was conducted independently for
each group of terms in August and September 2021. The litera-
ture search was supplemented by snowballing; that is, relevant
references were searched from the identified literature. We
included publications in English indexed in MEDLINE that
included any of the aforementioned terms and stated a defini-
tion. We excluded articles in which ‘virtual clinical trial’ was
used in the context of in silico trials. In addition, we excluded
articles in which ‘patient-centric trial’ was used in the context
of ‘tailored to the patient’s wishes’ instead of referring to the
physical proximity of the trial activities. The following informa-
tion from the selected documents was extracted by two research-
ers (Y.S.A.T. and B.L.): publication title, year, term used to
describe the clinical trial model, definition, and relevant refer-
ences. The different definitions were summarised and descrip-
tively analysed.

The search identified 211 articles, of which 26 articles were
selected after applying the inclusion and exclusion criteria. The
main reasons for excluding articles were the description of com-
puter simulations (N = 115), studies that included a decentralised
operational approach but not a trial definition (N = 17), studies
without a term definition (N = 22), literature reviews of clinical
trials with meta-analysis (N = 9), and the use of ‘patient-centric
clinical trials’ in the context of patient wishes (N = 3). Eight addi-
tional references were identified through snowballing (Figure 1).
Of the 34 articles that included a term definition and were
included in the analysis, 12 (36%) defined ‘virtual clinical trial’,
six (18%) defined ‘remote clinical trial’, six (18%) defined ‘decen-
tralised clinical trial’, and three (9%) defined ‘digital clinical
trial’. Other terms that were identified and defined included
‘site-less clinical trial’ (N = 2), ‘decentralised virtual clinical trial’
(N = 1), ‘remote decentralised clinical trial’ (N = 1), ‘patient-
centric trial’ (N = 1), ‘internet-based trial’ (N = 1), and ‘web-
based clinical trial’ (N = 1). Table S1 in the supplemental informa-
tion online presents the verbatim definitions as identified from
the articles, and Figure 2 displays the terms in chronological
order of the first appearance in scientific literature. Table 1 pre-
sents the condensed definitions of each term as identified from
the articles.

The different clinical trial terms found through the search
could be divided into three groups: terms focusing on use of
technology; terms focusing on the participant; and terms focus-
ing on the location of trial conduct.

Terms focusing on the use of technology
The term ‘internet-based clinical trial’ is one of the oldest terms
noted in the conducted literature search. In 2003, McAlindon
et al. reported on trial characteristics for which conduct over
the internet is suitable and described ‘internet-based clinical tri-
als’ as clinical trials in which the ‘intervention is safe, the medi-
cal disorder can be confirmed by remote means, and the outcome
measures can be applied by using electronically transmissible
technologies’ [16]. Furthermore, Paul et al. used the slightly dif-
ferent term ‘online clinical trial’ to discuss the potential of using
the internet to conduct clinical trials [17]. The authors discussed
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examples, advantages, and disadvantages of online interven-
tions, and concluded that, to be able to conduct online clinical
trials, it would be necessary to pay extra attention to the security
risks of electronic data administration with the advantage of
improving the clinical trial conduct and reducing the cost of
multicentre clinical trials [17]. Another related term, introduced
in 2011, is ‘web-based clinical trial’, which was used to refer to
the Research on Electronic Monitoring of Overactive Bladder
Treatment Experience (REMOTE) trial [18]. This randomised clin-
ical trial with an investigational medicinal product (IMP) was
conducted solely using digital tools. Mobile phones were used
to collect necessary data for the trial without clinic visits. When

the results were published in 2014, the authors used the terms
‘web-based’ and ‘participatory patient-centred’ approach inter-
changeably without providing a definition [19].

In the included papers, ‘virtual clinical trial’ was most fre-
quently defined (in 35% of papers). Several authors used the term
interchangeably with ‘online medical research’ and ‘remote clin-
ical trials’ [20–23]. The interchangeability of terms becomes
apparent in a 2020 opinion paper by Nissen [24]. In this paper,
Nissen describes ‘digital clinical trial’ and later refers to a defini-
tion of ‘virtual clinical trials’ by Andrews et al. from 2017, which
summarizes the characteristics of ‘virtual clinical trials’ focussing
on operational aspects, including the online identification of
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FIGURE 2
Chronological order of terms identified on their first appearance in the scientific literature.
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potential participants, prescreening potential participants, ship-
ping the drug or device to the participants, and participant-
reported data collection, to enable the entirely remote conduct
of clinical trials [20].

Most of the definitions highlighted that ‘virtual clinical trials’
involve few or no in-person visits to the investigator site, empha-
sising that such trials depend on technology for interaction
between the participant and site staff, and data collection, trans-
mission, and processing. The most recent definition identified in
this review summarises ‘virtual clinical trials’ as ‘one where
patient assessment and data collection do not occur in tradi-
tional settings, such as a health centre or hospital, and are
instead facilitated via remote interaction’ [25]. However, ‘virtual
clinical trial’ was also commonly used to describe in silico ‘clinical
trials’ [26–27], which was an important reason for exclusion of
those papers (Figure 1).

Three different publications used ‘digital clinical trial’ [24,28–
29], of which two defined the term [28–29], whereas the third
referred to a definition of a ‘virtual clinical trial’ [21]. These pub-
lications used the terms to describe the use of technology to facil-
itate and improve diverse trial activities, such as recruitment,
data collection, and analysis. In addition, ‘digital clinical trials’
has been used to refer to clinical trials in which the (behavioural)
intervention was delivered via digital means [29]. The papers
defined a ‘digital clinical trial’ as ‘one that uses technology to
improve recruitment and retention, data collection, and analyt-

ics’ [28] and clinical trials ‘in which either the intervention
and/or the outcome measures are collected remotely’ [29].

Terms focusing on the participant
In 2013, Robbins et al. examined the patient-centricity concept
and described how the discussion of the patient-centricity defini-
tion is broader than the context of clinical trials as ‘patient-
centricity is a dynamic process through which the patient regu-
lates the flow of information to and from him/her via multiple
pathways to exercise choices consistent with his/her preferences,
values, and beliefs. This fundamentally transformative concept
affects how health care decisions are made and who has the
authority to make them’ [30]. This definition explains patient
centricity as a concept in which all facets of a clinical trial,
including trial design and clinically relevant outcome measures,
are centred around the participant. However, the term could also
be used to focus on the operational model. For example, Coving-
ton describes ‘patient-centred clinical trials’ as clinical trials with
open enrolment, limited sites, and centralised management and
data collection facilitated by the study coordination centre [31].

Terms focusing on the location of trial conduct
The ‘site-less trial’ concept was initially used in 2017 by Hirsch
et al., who called for a framework that can incorporate trials with-
out sites: ‘the site-less clinical research organisation model,
whereby pharmacists or other health care professionals provide
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TABLE 1

Terms and definitions, as described in the literature.

Term Definition

Internet-based trial Clinical trial in which the intervention, diagnosis, and outcome measurements are made electronically and remotely, primarily
through the Internet

Web-based trial Clinical trial that uses the Internet- or Web-based technologies to carry out various aspects of the trial, such as recruitment,
screening, data collection, and consent with the active participation of trial participants and access to information throughout
the study

Site-less clinical trial Type of clinical research in which some or all trial activities are performed without the need for visits to investigative sites. This
approach uses telehealth methods, such as phone and videoconferencing sessions, to provide counselling and ensure protocol
compliance, and allows collection of data and administration of treatments directly from the participant's home

Virtual clinical trial Type of clinical research that uses digital health technologies to conduct clinical trials entirely remotely, allowing participants to
engage with research staff and complete study activities from their own location. These trials often involve evaluating effects of
clinical interventions, such as medications, devices, and nutritional supplements. They are considered highly participant
centred, because they eliminate the need for on-site visits

Digital clinical trial type of clinical trial that uses technology to improve recruitment, retention, data collection, and analytics. This includes using
online methods to identify potential participants, determine eligibility, obtain consent, administer treatment, and track progress.
Digital trials can be characterised as those that use remote methods to collect data, whether it be through self-reported
outcomes or laboratory measures

Patient-centric trial Type of clinical trial that focusses on engaging and involving patients in their own healthcare management, typically conducted
through a limited number of study sites that are coordinated by a central study coordination centre and data collection from
multiple sources

Remote clinical trial Type of clinical trial that utilises technology to shift some research activities away from traditional sites toward remote settings
to improve recruitment, manage trial activity, report results, and ensure safety oversight. This approach aims to encourage
participation of a more diverse group of participants, overcome geographic obstacles, and directly involve participants in the
research process. The use of telemedicine and digital technologies in remote trials can improve the efficiency and geographic
reach of the study. Remote trials are led and coordinated by a local investigative team, but are based remotely within a given
community, state, or nation and have many benefits over multisite trials with fewer barriers and lower costs

Decentralised clinical
triala

Type of clinical research that utilises telemedicine, mobile/local healthcare providers, and/or mobile technologies to manage
participants within their usual environment. DCTs are characterised by less dependence on traditional research facilities or
specialist intermediaries for data collection. They leverage tools, such as telemedicine, sensory-based technologies, wearable
medical devices, home visits, participant-driven virtual healthcare interfaces, and direct delivery of study drugs and materials to
participants’ homes

a This includes the terms ‘remote decentralised clinical trials’ and ‘decentralised virtual clinical trials’.
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useful and timely counselling for protocol compliance by regular
phone and videoconferencing sessions, is a flexible approach to
managing clinical trial participants directly from their homes’
[32]. Apart from opinion papers in which the term is used inter-
changeably with ‘virtual clinical trials’ [21,33], this term has not
been frequently used in the publications that were reviewed.

One of the first ‘fully remote clinical trials’, conducted in
2014, aimed to assess and compare use patterns and clinical out-
comes between three different self-guided mobile apps for
depression in the USA [34] The authors described that the ‘fully
remote trial’ involved remote conduct of treatment and assess-
ment via smartphones and tablets with minimal contact with
the study staff [34] In 2018, Donnelly et al. explored the burden
of ‘remote clinical trials’ in nursing homes, stating that conduct-
ing a clinical trial remotely presents an opportunity to leverage
mobile and wearable technologies to bring the research to the
patient [35] In addition, Dahne et al. defined ‘remote trials’ as:
‘trials (that) are led and coordinated by a local investigative team,
but are based remotely, within a given community, state, or even
nation’ [36]. Most of the other papers emphasised the use of
technology to describe remote clinical trial activities, including
enrolment, electronic consent, and safety oversight (Table S1
in the supplemental information online). This term was used
interchangeably with other terms, such as ‘virtual clinical trials’,
‘web-based trials’, ‘mobile clinical trials’, and ‘decentralised clin-
ical trials’.

Since 2018, ‘decentralised clinical trial’ has been increasingly
used in various research articles and regulatory guidance docu-
ments [37–38]. In 2018, the decentralised clinical trial model
was defined as a design with a ‘single pivotal site managing
patients within their usual environment by leveraging telemedi-
cine, technology and local care providers’ [39]. In the same year,
the Clinical Trial Transformation Initiative (CTTI) defined DCTs
as: ‘those executed through telemedicine and mobile/local
healthcare providers (HCPs), using procedures that vary from
the traditional clinical trial model’ [40]. The CTTI further distin-
guished completely remote (with no required on-site visits) from
‘partially decentralised’ or ‘hybrid’ (with some required on-site
visits) and ‘traditional trials’ [40]. The identified definitions high-
lighted the use of technology for clinical trial conduct and
emphasised that these trials are not bound by geography, possi-
bly leading to the inclusion of more diverse participants [41].

Several derivatives of ‘decentralised clinical trial’ circulate in
the literature including ‘remote decentralised clinical trial’, and
‘decentralised virtual clinical trial’. The concept of ‘remote
decentralised clinical trials’ is relatively new compared with the
other terms and was introduced in 2019 by the Trials@Home
consortium (https://trialsathome.com/), which defined ‘remote
decentralised clinical trials’ as ‘clinical trials that make use of dig-
ital innovations and other related methods to make them more
accessible to participants. By moving clinical trial activities to
the participant’s home or to other local settings this minimises
or eliminates physical visits to a clinical trial centre’. The consor-
tium has further put ‘remote decentralised clinical trials’ on a
continuum from hybrid clinical trials ‘that use only limited
remote methods in combination with more conventional site-
based methods’ to fully virtual or digital trials ‘where there
may be no direct interaction between study personnel and partic-

ipants’. In 2021, ‘decentralised virtual clinical trial’ surfaced in
the literature when Ali et al. defined ‘decentralised virtual clinical
trials’ as clinical trials ‘that incorporate remote outcome assess-
ments’ that ‘may accelerate clinical trials, increase adherence,
reduce dropout rates, and bring new treatments to the market
faster’ [42].

Need for common terminology
Given the mix of the terminology used, there is a need for a com-
mon term to refer to trials that are centred around participants.
The review of the published scientific literature allowed us to
map the existent terminology on clinicals trials that include dif-
ferent technologies and other innovative operational approaches
to centre trial activities around (potential) participants. We
found that most of the definitions referred to mobile technolo-
gies, digital methods, or remote elements to ease the conduct
of clinical trials. The definitions often emphasise advantages of
these technologies for clinical trials, including increased recruit-
ment rates, continuous data collection, and improved partici-
pant convenience. The terms described in the current paper are
often used interchangeably and many of the analysed articles
mention the interchangeability of the terms ‘virtual’, ‘digital’,
and ‘remote’. However, each term is slightly different, and subtle
distinctions are expected to be a source of confusion. Further-
more, some papers describe the use of technology to centre clin-
ical trial activities around participants but do not provide a clear
definition for this type of trial [43], further obscuring the consis-
tent use of terminology. The lack of clear terminology for clinical
trials that centre trial activities around participants could impede
discussions by stakeholders, including patients, investigators,
sponsors, and regulators, on the suitability, acceptability, and
implications of specific innovative trial-related activities and
their locality.

Commonly used terms and their (dis)advantages
The three most frequently used terms in the current literature
review were: (i) ‘remote clinical trial’; (ii) ‘virtual clinical trial’;
and (iii) ‘decentralised clinical trial’. The term ‘remote clinical
trial’ emphasises the remoteness, that is, away from the investi-
gator’s site, administration of the intervention, interaction with
study staff, and assessment of outcomes. As such, this term can
be confusing because the activities are not conducted remotely
from the perspective of trial participants. Rather, the opposite
is typically envisioned, because trial activities are centred around,
or moved close(r) to, the participants’ surroundings. Although
widely used to describe trials centring activities around partici-
pants, ‘virtual clinical trial’ is also used to refer to in silico trials
and studies aimed to simulate pharmacokinetic and pharmaco-
dynamic outcomes using historical patient data as opposed to
prospective interventional clinical trials [10–12]. The last most
frequently used term, ‘decentralised clinical trials’, was recently
used by the FDA to describe trials in which ‘patients participate
at locations remote from the investigator’s site’ as described in
a draft guidance document that is out for public consultation
[44]. Furthermore, the EMA and national health authorities
and ethics committees from Denmark and Switzerland recently
adopted the term ‘decentralised clinical trials’ [37–38,45,46]. Fur-
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thermore, the Danish Medicines Agency states that the use of
‘decentralised clinical trial’ is not synonymous with ‘virtual clin-
ical trial’ because the latter is considered as retrospective data
processing without participants [37]. Overall, ‘decentralised clin-
ical trial’ is increasingly used and appears to be the prevailing
term at present. However, this falls short of highlighting the
envisioned benefits for the participants and the use of technolo-
gies to ease clinical trial conduct. In addition, ‘decentralised’,
equal to the term ‘remote’, does not suggest that the trial activi-
ties are centralised from the participant’s perspective. Further-
more, ‘decentralised’, ‘remote’, and ‘virtual’ are not specific to
clinical trials, because they are used in other contexts, including
‘(de)centralised politics,’ ‘(de)centralised computing’, ‘decen-
tralised finance’, ‘remote jobs’, ‘remote access’, ‘virtual reality’,
and ‘virtual assistance’, with connotations other than those for
clinical trials.

Toward a consensus definition
The previously described definitions of clinical trials centred
around participants can be unified, because they describe recur-
ring concepts, such as the monitoring of participants directly
from their homes throughout the course of a clinical trial, the
use of technological devices (apps and monitoring mechanisms)
and web-based platforms to assist and enable its conduct, and the
aim to improve participant recruitment, participant conve-
nience, and protocol adherence. We have shown that none of
the terms used is perfect and they all come with their own
limitations.

The term ‘decentralised clinical trial’ can be preferred over
‘patient-centric trial’ when one focusses on how the conduct of
trial activities away from the investigator’s site contrasts with
the currently most-used site-based clinical trial approach. How-
ever, ‘patient-centric trial’ emphasises that the trial is designed
with the needs and preferences of participants in mind.
Although this can include the centring of trial activities around
trial participants, ‘patient-centric trial’ is used for a much broader
scope than moving of trial activities, rendering the term less suit-
able for describing this new operational approach to trials. In
addition, ‘patient centric’ is not inclusive of all possible trial par-
ticipants, which might include healthy volunteers. In addition,
‘patient centric’ might not be preferred by individuals who do
not regard themselves as patients.

Considering that ‘decentralised clinical trials’ is increasingly
used and adopted by important stakeholders within the clinical
research terminology, we advocate to collectively start using ‘de-
centralised clinical trials’, or DCTs, to refer to the operational
model of clinical trials in which trial activities are designed to
take place at, or in the vicinity of, the participant's home, rather
than at a traditional clinical site. This approach might make use
of technologies and other innovative operational approaches to
facilitate data collection, such as telemedicine visits, direct deliv-
ery of study drugs to participants' homes, and mobile/local
healthcare providers. This approach aims to increase participant
engagement, recruitment, and retention while minimizing the
burden of travel and increasing the representation of diverse par-
ticipant population. However, DCT approaches do not per defi-
nition decrease the number of clinical site visits, because they

could also be used to meet other goals, such as enriched data sets
or more continuous data collection in the ‘real-world’.

Notably, here, the investigator’s site should be understood as
sites where the investigator conducts the clinical work related to
the trial, as opposed to trial site as defined in ICH E6R2, which
defines a trial site as a ‘location(s) where trial-related activities
are actually conducted’ [47]. The investigator’s site of DCTs has
the same responsibility as in traditional clinical trials. The degree
of decentralisation depends on the specific design and objectives
of the study [48]. Protocols of DCTs should thoroughly describe
which technologies and other innovative operational
approaches are decentralised. It is noteworthy that most clinical
trials already have a degree of decentralisation by including tech-
nology that permits data collection outside of the clinical site,
such as electronic diaries and wearables. This moves the defini-
tion of ‘conventional clinical trials’ toward ‘decentralised clinical
trials’ on the continuum with ‘completely decentralised clinical
trials’ on the one side, where no physical visits to a clinical trial
site are required, and ‘conventional’ or ‘traditional clinical trials’
on the other side of the continuum, where most trial activities
are conducted in person at the investigator’s site (except for tele-
phone follow-ups, for example) making the trend in clinical tri-
als to move toward providing participants with greater degree
of choice and flexibility. Furthermore, ‘decentralised clinical tri-
als’ should be understood as an operational model that can use
different trial methodologies that can be steered toward both ‘ex-
planatory’ or ‘pragmatic clinical trials’ (Box 1)

Box 1 DCT description.Decentralised clinical trials, or DCTs, is an
operational model of clinical trials in which trial activities are

designed to take place at, or in the vicinity of, the participant's

home, rather than at a traditional clinical site. This approach

can make use of technologies and other innovative operational

approaches to facilitate data collection.

The advancement of technology has brought about a revolu-
tionary change in the way clinical trials are conducted. While
‘decentralised clinical trial’ might not be perfect and could
evolve in the future, a consensus on its use and understanding
of its meaning will aid in harmonising future discussions on this
topic within the clinical trials arena.

Concluding remarks
To ensure clear and effective communication among all stake-
holders involved in clinical trials that use technologies and other
innovative operational approaches to bring the trial closer to the
patients, we call for the consistent use of ‘decentralised clinical
trial’. The current scientific literature includes a variety of terms
that are used interchangeably, without clear definitions or exam-
ples, creating confusion and hindering critical discussions on the
suitability and acceptability of these trial approaches. By adopt-
ing a unified terminology, we can avoid confusion and facilitate
productive discussions on the implementation, benefits, and
(potential) disadvantages of decentralised clinical trial
approaches.
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ABSTRACT
Objectives Decentralised clinical trial activities—such as 
participant recruitment via social media, data collection 
through wearables and direct- to- participant investigational 
medicinal product (IMP) supply—have the potential 
to change the way clinical trials (CTs) are conducted 
and with that to reduce the participation burden and 
improve generalisability. In this study, we investigated 
the decentralised and on- site conduct of trial activities as 
reported in CT protocols with a trial start date in 2019 or 
2020.
Design We ascertained the decentralised and on- site 
conduct for the following operational trial activities: 
participant outreach, prescreening, screening, obtaining 
informed consent, asynchronous communication, 
participant training, IMP supply, IMP adherence 
monitoring, CT monitoring, staff training and data 
collection. Results were compared for the public versus 
private sponsors, regions involved, trial phases and four 
time periods (the first and second half of 2019 and 2020, 
respectively).
Setting Phases 2, 3 and 4 clinical drug trial protocols 
with a trial start date in 2019 or 2020 available from  
ClinicalTrials. gov.
Outcome measures The occurrence of decentralised and 
on- site conduct of the predefined trial activities reported in 
CT protocols.
Results For all trial activities, on- site conduct was 
more frequently reported than decentralised conduct. 
Decentralised conduct of the individual trial activities 
was reported in less than 25.6% of the 254 included 
protocols, except for decentralised data collection, 
which was reported in 68.9% of the protocols. More 
specifically, 81.9% of the phase 3 protocols reported 
decentralised data collection, compared with 73.3% and 
47.0% of the phase 2 and 4 protocols, respectively. For 
several activities, including prescreening, screening and 
consenting, upward trends in reporting decentralised 
conduct were visible over time.
Conclusions Decentralised methods are used in CTs, 
mainly for data collection, but less frequently for other 
activities. Sharing best practices and a detailed description 

in protocols can drive the adoption of decentralised 
methods.

INTRODUCTION
Clinical trials (CTs) are essential in the devel-
opment of safe and efficacious medicines, 
diagnostics and medical devices and to eval-
uate clinical or behavioural interventions. 
In recent years, there has been a rise in the 
use of digital health technologies (DHTs) in 
clinical research.1 2 These DHTs and other 
related operations, such as home health visits, 
enable decentralised (or remote) conduct 
of CTs, in which operational trial activities 
are organised around the trial participants 
and conducted away from investigative sites. 
Examples of such ‘decentralised trial activ-
ities’ include recruitment via social media, 
data collection using wearables and mobile 
applications, home nurse visits, and direct- 
to- participant (DtP) supply of the investiga-
tional medicinal product (IMP).2–6

The implementation of decentralised trial 
activities in CTs could address several issues 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ By applying broad eligibility criteria, a large set of 
clinical trial protocols was identified and included in 
this study, which furthermore allowed for subgroup 
analyses.

 ⇒ The creation of a data extraction matrix allowed for 
manual ascertainment of both decentralised and 
on- site conduct of a broad range of operational trial 
activities.

 ⇒ This study only included protocols of drug trials that 
are publicly available from ClinicalTrials.gov.

 ⇒ The availability of more recent clinical trial protocols 
from ClinicalTrials.gov is limited.
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with CT conduct, including the high burden associated 
with participating in a CT and low recruitment and reten-
tion rates.7–11 For example, (electronic) decentralised 
consent, telemedicine visits and DtP IMP supply could 
make CTs more participant centred by lowering the 
number of required on- site visits. Moreover, these decen-
tralised trial activities could lead to increased participant 
understanding, participant satisfaction and enhanced 
protocol compliance.12–16 Furthermore, data gener-
ated through wearables is less influenced by recall and 
observer bias and could lead to more continuous data 
collection, which may reduce trial timelines and improve 
safety monitoring.17 18 Wearables could also lead to the 
introduction of novel digital endpoints, which is of partic-
ular interest in diseases for which no objective biomarker 
currently exists, such as disease progression in Parkin-
son’s disease.19

Initiatives such as the Innovative Medicines Initiative 
Trials@Home consortium,20 Clinical Trials Transforma-
tion Initiative21 and TransCelerate22 have advocated the 
uptake of decentralised trial activities in CTs and have 
researched the advantages and disadvantages of such 
approaches. The healthcare restrictions imposed by the 
COVID- 19 pandemic have further affected the uptake of 
decentralised trial activities and attitudes of various stake-
holders—including sponsors, investigators and regula-
tors—regarding the incorporation of these activities in 
CTs.22–24 For example, during the pandemic, regulators 
overseeing CTs have published guidance on decentralised 
trial activities for which no guidance or legislation was 
available before the pandemic, including DtP shipment 
of IMP and telemedicine visits.23 Since then, the United 
States Food and Drug Administration,25 the Danish Medi-
cines Agency,26 and Swissmedic and Swissethics,27 among 
others, have published guidance specifically for the 
implementation of decentralised trial activities in clinical 
research. At present, however, there is limited informa-
tion about the extent to which decentralised trial activi-
ties are implemented in CTs. In this article, we investigate 
the occurrence of decentralised and on- site conduct of 
trial activities as reported in publicly available protocols 
of drug trials with a study start in 2019 or 2020.

METHODS
Study design and eligibility
We analysed published CT protocols from the  Clinical-
Trials. gov database. Protocols from the  ClinicalTrials. 
gov database were downloaded on 23 and 24 March 2021 
using the advanced search box to retrieve phase 2, 3, and 
4 protocols with an (estimated) trial start date (ie, first 
participant first visit) between 1 January 2019 and 31 
December 2020 (the full search strategy is detailed in the 
online supplemental text). Because of the large number 
of protocols, phase 2 protocols with a start date in 2019 
were downloaded on 23 March 2021, and the remaining 
protocols were downloaded on 24 March 2021. Trial 
phases were reported following the sponsor classification 

in  ClinicalTrials. gov and verified using the CT protocol 
where possible. In accordance with previous studies,28 29 
we classified phase 1/2 as phase 2 and phase 2/3 as phase 
3. Protocol eligibility was limited to CTs that investigated 
an IMP (drugs and biological products). In addition, 
protocols that included only a synopsis or a description of 
objectives were excluded.

Data collection
Operational trial activities
Decentralised trial activities used in CTs have been previ-
ously identified and described by the Trials@Home 
consortium.30 31 Building on this work, we developed 
an extraction matrix including definitions and criteria 
to ascertain the decentralised and on- site conduct of 
the trial activities (table 1). The trial activities included 
in the extraction matrix were participant outreach, 
prescreening, prescreening through (electronic) medical 
records, screening, consenting, asynchronous commu-
nication with the participant (eg, email, chat), partici-
pant training, IMP supply, IMP adherence monitoring, 
CT monitoring, and data collection. Decentralised data 
collection was further specified into (1) participant- 
reported outcomes (PROs), (2) (wearable) devices or 
biomarker kits, (3) home health visits and (4) telemed-
icine visits, which encompass both telephone and video-
conference calls.

CT characteristics
We collected data on CT characteristics including infor-
mation on the (estimated) start date, type of sponsor 
(ie, public or private), trial location (ie, the number of 
countries involved, and the geographic regions per  Clin-
icalTrials. gov classification—North America, Europe, 
East Asia, South America, Africa, Southeast Asia, Paci-
fica, Middle East, South Asia, North Asia and Central 
America), trial design (ie, trial phase, blinding and rando-
misation status, and number of sites), follow- up time (ie, 
the time a participant is expected to be involved in the 
trial), estimated sample size, type of participants involved 
(ie, healthy, patient, paediatric), and the therapeutic area 
(TA). The TA was classified using the International Classi-
fication of Diseases revision 11 of the WHO (https://icd. 
who.int/en). The trial characteristics and definitions are 
detailed in online supplemental table 2.

Extraction and verification
Data on the predefined trial activities and CT character-
istics were obtained manually from the protocols by two 
researchers (AJdJ and RJG).32 Data on CT characteristics 
were supplemented with data from the  ClinicalTrials. gov 
registry. In case of a conflict between information from 
the protocol and the  ClinicalTrials. gov registry, protocol 
information prevailed. Data from the first 15 analysed 
protocols were extracted in duplicate. The data from the 
remaining protocols were extracted by one researcher 
(RJG) and subsequently peer reviewed (AJdJ). An Excel 
sheet was used to record the reporting of decentralised 
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Table 1 Data extraction matrix

Trial activity Activity definition Examples from protocols

1.Participant 
outreach

Outreach to potential participants 
to raise awareness on clinical trial 
conduct and participation options.

On- site:
Patients will be recruited from the practice of [doctor] in the 
Division of Urology, Department of Surgery.
Decentralised:
Patients will be recruited(…)through printed and digital advertising 
media.

2.Participant 
prescreening

Trial activity to describe participant 
identification activities before 
informed consent is obtained (1) for 
which participants’ active involvement 
is required or (2) through the screening 
of (electronic) medical records.

On- site:
Once obtaining weight and size, we identify overweight or obese 
patients and risk factors for DM2, they will be invited to continue 
the counting (ie, glucose) phase.
Decentralised:
The research assistant will obtain verbal consent from patient in 
order to conduct a preliminary phone screen. Phone screening will 
be conducted as part of the Anxiety Disorders Clinic’s pre- existing 
screening protocol.

3.Participant 
screening

Trial activity to describe activities 
performed to ensure participant 
eligibility after informed consent is 
obtained.

On- site:
After obtaining informed consent, the investigator or sub- 
investigator will perform a screening examination.
Decentralised:
Screening(…)will be conducted through a web- based screening 
tool, HIPAA- compliant video conference (Telehealth), telephone, or 
text messaging.

4.Consenting Subject’s free and voluntary 
expression of his or her willingness 
to participate in a particular clinical 
trial, after having been informed of 
all aspects of the clinical trial that 
are relevant to the subject’s decision 
to participate or, in case of minors 
and of incapacitated subjects, an 
authorisation or agreement from their 
legally designated representative to 
include them in the clinical trial.

On- site:
Clinical sites will receive referrals from rural locations, and potential 
participants will be transported to clinical sites where informed 
consent, randomization, and administration of [the drug] will occur.
Decentralised:
The informed consent form may be mailed, emailed or faxed to the 
participant. The consent discussion may then be conducted by 
phone, conference phone call or in person so that the participant 
can read the consent form during the discussion.

5.Asynchronous 
investigator–
participant 
interaction

Decentralised, asynchronous 
interactions between participants and 
investigator to provide study updates 
and to engage participants throughout 
the clinical trial (ie, after enrolment).

Decentralised:
To maintain updated contact details, participants will be contacted 
every two months by SMS(…).

6.Participant 
training

Trial activity to describe training of 
the trial participant by the investigator 
staff on study- related materials and/or 
procedures.

On- site:
Subjects randomized to [intervention] will be trained in intravenous 
technique by study nurses.
Decentralised:
A study team member calls the participant and reviews use of 
the study drug, establishes best contact information for response 
monitoring, and asks the patient to connect/wear the cardiac 
telemetry monitoring device.(…) A video will be sent to the 
participant’s email address and texted to them providing visual 
instructions on use.

7.IMP supply Dispensing investigational medicinal 
products administrable in an at- 
home setting or other study- related 
materials to the participant.

On- site:
IMP will be distributed to the patient during each visit.
Decentralised:
Doses in between site visits will be administered at the patient’s 
home (or other location convenient to the patient).

Continued
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and on- site conduct of the trial activities. Conduct was 
labelled as 0 (ie, not reported or unclear), 1 (ie, explicitly 
stated), or 2 (ie, implicitly stated). Implicit reporting was 

based on the context of the CT protocol and determined 
by specific ‘reporting rules’ (online supplemental table 3). 
As an example, if participant screening was reported to be 

Trial activity Activity definition Examples from protocols

8.IMP adherence 
monitoring

Activity during which investigator 
staff (and/or a clinical trial monitor) 
monitors participant’s IMP 
administration and dosing compliance 
according to the protocol. In case (e)
Diaries were verified during an on- 
site visit by site study staff, this was 
considered ‘on- site’ IMP adherence 
monitoring.

On- site:
Compliance will be assessed by weekly pill count.
Decentralised:
The investigators (or appropriately qualified designees) are 
required to review the e- diary data online at frequent intervals to 
evaluate subject compliance and reported events as part of the 
ongoing safety review.

9.CT monitoring Quality control process to ensure 
participant safety and data integrity. 
Important activities include verification 
of documentation, protocol and 
regulation adherence, and source 
data.

On- site:
[Company] or its agent will conduct periodic monitoring visits 
during study conduct to ensure that the protocol and GCPs are 
being followed.
Decentralised:
The sponsor’s monitors will(…)communicate frequently via 
telephone, e- mail, and written communications.

10.Investigator 
staff training

Activity that describes the training of 
investigator staff by the sponsor or 
contact research organisation. This 
encompasses training on the trial 
design, trial equipment, IMP, and 
investigator responsibilities

On- site:
All training and reads will be conducted by an imaging contract 
research organization (CRO) as described in the imaging review 
charter (IRC). Five readers will be trained in- person.
Decentralised:
The company coordinator will conduct the initial web- 
based system training sessions for study teams via online 
teleconferences.

11.1 On- site data 
collection

In- person study visits at the 
investigator site by trial participants, 
during which the following data 
acquisition activities may take place: 
imaging, sample acquisition, and the 
collection of other clinical and safety 
data.

Subjects will return to clinic for Visit 4, for history, physical 
exam, quality of life (QoL), Satisfaction, and Cost Effectiveness 
questionnaires, and AE assessment.

11.2 Decentralised 
data collection 
through PROs

Participants are involved in the 
collection of data (by decentralised 
means) by filling out (e- )PROs

Patient- reported outcome measures will be captured via an email 
sent to subjects with direct linkage to REDCap™ (Research 
Electronic Data Capture).

11.3 Decentralised 
data collection 
through wearable 
devices, sensors or 
biomarker kits

Participants are involved in the 
collection of data (by decentralised 
means) using wearable devises and 
sensors, or biomarker kits.

Subjects will perform home pregnancy testing on day 1 of Cycle 1 
and Cycle 2.

11.4 Decentralised 
data collection 
through home 
health visits

Study visits are performed at the 
participant’s home. Data are collected 
by healthcare professionals, including 
sample acquisition, and the collection 
of other clinical and safety data.

Blood and urine sample collection may be performed by a mobile 
nurse professional.

11.5 Decentralised 
data collection 
through 
telemedicine visits

Decentralised study (follow- up) visits 
through teleconference or telephone 
calls during which data are collected 
by healthcare professionals (eg, AEs, 
verbal questionnaires).

Telephone contacts will occur at Weeks 56, 64, 68, 76, 80, 88, 92, 
and 100.
Study visits at weeks 0, 4, and 24 will be required in- person; 
the remaining visits optionally will be performed via secure 
videoconferencing using the Cisco Meeting app, between the 
investigator and the subject.

The full data extraction matrix is included in the online supplemental materials (online supplemental table 1).
AE, adverse event; CT, clinical trial; DtP, direct- to- participant; GCP, good clinical practice; IMP, investigational medicinal product; PRO, 
participant reported outcome.

Table 1 Continued
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conducted on- site, and obtaining informed consent was 
mentioned in the protocol but the locality of consenting 
was not detailed, it was assumed to be obtained on site 
and labelled as 2 (ie, implicitly stated).

Data analysis
Outcomes and rationales
The primary outcome was the occurrence of decen-
tralised and on- site conduct (explicit and implicit) of 
the predefined trial activities reported in CT protocols. 
The exclusive reporting of decentralised conduct, the 
exclusive reporting of on- site conduct, the reporting 
of a combination of both, or no reporting at all was a 
secondary outcome. This secondary outcome provides 
more granularity to the primary outcome by describing 
whether decentralised conduct is reported complemen-
tary to, or separate from, on- site conduct.

Additionally, the occurrence of decentralised and 
on- site conduct of the trial activities reported in proto-
cols was stratified and compared according to the trial 
sponsor (ie, public or private), geographic regions, trial 
phases, and four time periods (ie, the first and second 
quarters and third and fourth quarters of 2019 and 2020, 
respectively). These comparisons were motivated by the 
hypotheses that the sponsor type may affect the uptake 
of decentralised trial activities, as private sponsors have 
been suggested to be more risk- averse regarding imple-
mentation of technology in CTs33 34; the region may influ-
ence the incorporation of decentralised trial activities, 
as regulations differ between geographical regions35; the 
trial phase may affect the extent to which decentralised 
trial activities are implemented, as the safety profile of 
the IMP is typically more established in later phases26; 
and the implementation of decentralised trial activities 
may increase over time and may have been affected by 
the healthcare restrictions resulting from the COVID- 19 
pandemic.1 23 36 37

Statistics
Descriptive statistics were used to report on the collected 
data. Different denominators were used to report on the 
trial activity ‘data collection’, as detailed in the Results 
section. We performed χ2 tests to analyse potential 
correlations. The occurrence of decentralised and on- site 
conduct of the predefined trial activities was defined as 
binary outcome variables (yes/no), and the trial char-
acteristics used for the comparisons—type of sponsor, 
region, trial phase, and time periods—were defined as 
categorial determinants. To correct for multiple compar-
isons, the statistical significance level was set at p=0.0019, 
following the Bonferroni method. That is, 0.05 divided by 
26, the number of on- site and decentralised trial activities 
that were analysed. Statistical analyses were performed 
using IBM SPSS Statistics V.27.

Patient and public involvement
No patient involved.

RESULTS
Cohort characteristics
Of the interventional phase 2–4 CTs registered in  Clini-
calTrials. gov that had a study start date in 2019 or 2020, 
354 records had a protocol available when the search was 
conducted. Of these, 254 were included in this study. 
The main reason for protocol exclusion was the use of 
an intervention that was not a drug, such as cosmetics, 
food supplements and medical devices (online supple-
mental figure 1). Table 2 displays the characteristics of 
the included protocols.

Reported trial activities in publicly available protocols
Figure 1 summarises the proportion of protocols in the 
study cohort that explicitly (dark green) and implicitly 
(light green) reported decentralised and on- site conduct 
of the predefined trial activities. In general, only a small 
portion was implicitly reported, with implicit on- site 
consenting occurring most frequently (17.7%). For all 
trial activities with an on- site equivalent, on- site conduct 
was more frequently reported than decentralised conduct. 
On- site data collection (98.4%) and consenting (95.3%) 
were most frequently reported in the protocols. Decen-
tralised conduct was most frequently reported for data 
collection (68.9%) in the 254 included protocols followed 
by CT monitoring (25.6%) and participant outreach 
(25.2%). Specifically, protocols reported decentralised 
data collection through telemedicine visits (52.4%), 
PROs (41.7%), devices or biomarker kits (15.8%), and 
home health visits (7.9%). Of note, the analysed proto-
cols included 23 hospital- based trial protocols—defined 
as trials in which CT data were collected during one 
hospital stay—that did not report the collection of CT 
data by decentralised means, while these protocols could 
report other decentralised trial activities. Similarly, of the 
254 protocols, we considered only 138 suitable to imple-
ment ‘DtP IMP supply’ and ‘decentralised IMP adherence 
monitoring’ as (at least one) IMP was administered in an 
at- home setting in these protocols (ie, by the participant 
or by a home nurse).

Clinical studies can apply both on- site and decentralised 
conduct of an activity. Table 3 presents the proportion 
of protocols that exclusively reported decentralised 
conduct, on- site conduct, or a combination of both or did 
not report the trial activity at all. The majority of decen-
tralised data collection (67.3%) was used to complement 
on- site data collection. Data collection exclusively by 
decentralised means was reported in 1.6% of the protocols 
and data collection exclusively by on- site means in 31.1% 
of the protocols (table 3). Consenting was reported to be 
exclusively on- site in 89.0% of the protocols, whereas a 
combination of both on- site and decentralised consenting 
was reported in 6.3% of the protocols. Only 2.8% of the 
protocols exclusively reported decentralised consenting. 
Trial activities that were frequently ‘not reported’ at all 
include staff training (86.2%), participant prescreening 
(61.8%), participant training (57.9%), CT monitoring 
(51.2%) and participant outreach (44.9%).
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Reported trial activities per trial sponsor
Figures 2A and 3A depict the decentralised trial activi-
ties stratified per sponsor type (ie, public and private). 
With regard to on- site conduct, public sponsors reported 
more on- site outreach (63.9% vs 17.2%; p<0.001) and 
prescreening (34.2% vs 14.1%; p<0.001), whereas private 
sponsors reported more on- site screening (95.0% vs 

Table 2 Protocol cohort characteristics

Cohort characteristic Number (%)

Year 2019 191 (75)

2020 63 (25)

Sponsor Private 99 (39)

Public 155 (61)

Trial location North America 155 (61)

Europe 66 (26)

East Asia 23 (9)

South America 14 (6)

Africa 11 (4)

Southeast Asia 11 (4)

Pacifica 6 (2)

Middle East 6 (2)

South Asia 5 (2)

North Asia 2 (1)

Central America 2 (1)

Single country 221 (87)

Multicountry 33 (13)

Trial design Phase 2 116 (46)

Phase 3 72 (28)

Phase 4 66 (26)

Randomised 190 (75)

Non- randomised 64 (25)

Open label* 126 (50)

Participant blinded 15 (6)

Participant and 
investigator blinded

112 (44)

Multicentre 124 (49)

Single centre 130 (51)

Follow- up 
time

Median number of days 
(IQR)

90.5 (30–305.75)

Sample size Median (IQR) number of 
participants included

  Overall 90 (40–285.5)

  In CTs with healthy 
participants

187.5 (60–962.5)

  In CTs with patients 86 (34–216)

  In paediatric CTs 174 (58–450)

Trial 
participants

Healthy participants 38 (15)

Patients 216 (85)

Paediatric clinical trial 
(patients and healthy)

27 (11)

Therapeutic 
area

Infectious and parasitic 
diseases

30 (11.8)

COVID- 19† 30 (11.8)

Neoplasms 26 (10.2)

Endocrine, nutritional, or 
metabolic diseases

23 (9.1)

Continued

Cohort characteristic Number (%)

Diseases of the skin 16 (6.3)

Mental, behavioural, or 
neurodevelopmental 
disorders

14 (5.5)

Others‡ 115 (45.3)

*One clinical trial protocol was omitted here as it described 
a subsequential design in which the first intervention 
‘round’ was open and the second was double blinded.
†Categorised under ‘codes for special purposes’ following 
ICD- 11.
‡Others include ‘conditions originating in the perinatal 
period’; ‘developmental anomalies’; diseases of ‘blood 
and blood- forming organs’; ‘the circulatory system’; 
‘the digestive system’; ‘ear and mastoid process’; 
‘the genitourinary system’; ‘the immune system’; ‘the 
musculoskeletal system or connective tissue’; ‘the nervous 
system’; ‘the respiratory system’; ‘the visual system’; 
‘factors influencing health status or contact with health 
services’; ‘injury, poisoning or other consequences of 
external factors’; ‘pregnancy, childbirth or puerperium’; 
and ‘symptoms, signs, or clinical findings not elsewhere 
classified’.
CT, clinical trial; ICD- 11, International Classification of 
Diseases revision 11.

Table 2 Continued

Figure 1 Frequency of decentralised and on- site trial 
activities reported in the protocols (n=254). The lighter green 
parts of the bars display the proportions that were implicitly 
reported. Prescreening through medical records (C) and 
asynchronous communication (I) do not have an on- site 
equivalent. IMP, investigational medicinal product.
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63.3%; p<0.001) (online supplemental figure 2). Public 
sponsors reported more decentralised conduct of trial 
activities related to recruitment and enrolment than 
private sponsors. Namely, public sponsors reported more 
decentralised outreach (30.3% vs 17.1%), decentralised 
prescreening (9.0% vs 6.1%), prescreening through 
medical records (12.3% vs 3.0%), decentralised screening 
(5.1% vs 4.0%), and decentralised consenting (12.9% vs 
3.0%) (figure 2A). Private sponsors reported more data 
collection by decentralised means than public sponsors 
(figure 3A).

Reported trial activities in the geographical regions
We compared the protocols of trials conducted in the 
regions of North America (n=155), Europe (n=66) and 
other regions (n=67) (figures 2B and 3B). Because proto-
cols for trials conducted outside of North America or 
Europe were less prevalent (table 2), these were aggre-
gated. Of note, the number of protocols assessed for 
the geographical regions exceeds 254, as trials can be 
conducted in multiple regions. It became apparent that 
on- site conduct of CT monitoring was more frequently 
reported in protocols for trials conducted in Europe 
(65.2%) than protocols for trials conducted in North 
America (42.5%) (online supplemental figure 3). Simi-
larly, figure 2B shows that decentralised conduct of 
CT monitoring was reported in 42.4% of the Euro-
pean protocols vs 23.2% of the North American proto-
cols (p<0.001). Protocols for trials conducted in North 
America more frequently reported, among others, decen-
tralised outreach (29.1% vs 17.9% in other regions and 
16.7% in Europe) and DtP IMP supply (7.7% vs 7.5% in 
other regions and 3% in Europe) (figure 2B). Decen-
tralised screening was not reported in protocols for 
trials conducted in Europe. Of the non- hospital- based 

Figure 2 Frequency of decentralised trial activities reported 
in different strata. The lighter parts of the bars display the 
proportions that were implicitly reported. IMP, investigational 
medicinal product; Q1&2, first and second quarter; Q3&4, 
third and fourth quarter.

Table 3 Decentralised conduct, on- site conduct, a combination of both, or no report of the trial activity in the protocols 
(n=254)

Activity Exclusively decentralised (%) Exclusively on- site (%) Combination (%) Not reported (%)

Outreach 24 (9.4) 76 (29.9) 40 (15.7) 114 (44.9)

Prescreening 29* (11.4) 57 (22.4) 11* (4.3) 157 (61.8)

Screening 3 (1.2) 183 (72) 9 (3.5) 59 (23.2)

Consenting 7 (2.8) 226 (89) 16 (6.3) 5 (2.0)

Participant training 5 (2.0) 95 (37.4) 7 (2.8) 147 (57.9)

IMP supply† 7 (2.8) 108 (42.5) 10 (3.9) 13 (5.1)

IMP adherence monitoring† 12 (4.7) 67 (26.4) 29 (11.4) 30 (11.8)

Clinical trial monitoring 6 (2.4) 59 (23.2) 59 (23.2) 130 (51.2)

Staff training 1 (0.4) 34 (13.4) 0 (0) 219 (86.2)

Data collection 4 (1.6) 79 (31.1) 171 (67.3) 0 (0)

Explicit and implicit reporting were aggregated.
*Includes prescreening through medical records.
†Proportions do not add up to 100%, as these trial activities were considered to be ‘not applicable’ for 116 protocols that investigated an IMP 
that was not administered in an at- home setting.
IMP, investigational medicinal product.
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protocols (n=231), ‘other regions’ reported more 
decentralised data collection through home health 
visits (22.9%) compared with Europe (4.8%) and North 
America (4.3%; p<0.001), whereas protocols for trials 
conducted in Europe reported most telemedicine visits 
(75.8%) compared with North America (61.0%) and 
other regions (47.5%, p<0.001) (figure 3B).

Reported trial activities per trial phase
No clear trend across trial phases in the reporting of 
on- site (online supplemental figure 4) and decentralised 
conduct was observed (figures 2C and 3C). However, 
on- site and decentralised ‘IMP adherence monitoring’ 
and ‘CT monitoring’ were reported less frequently in 
phase 4 protocols. Specifically, on- site CT monitoring was 
reported in 28.8% of the phase 4 protocols compared with 
61.1% of the phase 3 protocols (p<0.001) and 47.4% of the 
phase 2 protocols. Similarly, decentralised CT monitoring 

was reported in 13.6% of the phase 4 protocols, whereas 
this activity was reported in 30.6% and 29.3% of included 
phase 3 and 2 protocols, respectively (figure 2C). Addi-
tionally, on- site IMP adherence monitoring was reported 
in 22.7% of the phase 4 protocols compared with 37.5% 
and 45.7% of the phase 3 and phase 2 protocols, respec-
tively. Decentralised IMP adherence monitoring was 
reported in 7.6% of the phase 4 protocols compared with 
19.8% of the phase 2 and 18.1% of the phase 3 protocols 
(figure 2C).

On- site data collection was frequently reported in all 
trial phases (98.3%, 97.2%, and 100% for phase 2, 3, and 
4, respectively), whereas decentralised data collection was 
most reported in phase 3 protocols (81.9%) compared 
with phase 2 (73.3%) and phase 4 protocols (47%). Of 
the non- hospital- based trial protocols (n=231), 92% of the 
phase 3 protocols reported at least one means of decen-
tralised data collection, compared with 77% of the phase 
2 protocols and 54% of the phase 4 protocols (figure 3C).

Reported trial activities over time
Trends in reporting over time were visible for the several 
decentralised (figure 2D) and on- site (online supple-
mental figure 5) trial activities. For example, decen-
tralised prescreening increased by 3 percentage points, 
on average, per half a year (figure 2D), whereas on- site 
prescreening was stable over time (online supplemental 
figure 5). Additionally, decentralised consenting increased 
from 4.2% in the first half of 2019 to 20.9% in the first 
half of 2020, whereas on- site consenting decreased from 
99.4% in the first half of 2019 to 81.4% in in the first half 
of 2020. Figure 2D further shows that for several decen-
tralised trial activities, reporting increased until the first 
half of 2020 but declined in the second half of that year. 
For example, DtP IMP supply increased to 14.0% in the 
first half of 2020 but then it decreased to 10.0% in the 
second half of 2020. Decentralised data collection did not 
show clear trends over the four time periods (figure 3D).

DISCUSSION
Decentralised trial activities in CT protocols
This study aimed to quantify the reporting of on- site 
and decentralised conduct of trial activities in CT proto-
cols. We found that on- site conduct was more frequently 
reported than decentralised conduct. Nevertheless, 
decentralised conduct was commonly reported in CT 
protocols, mainly for data collection (68.9%), particularly 
in phase 3 CTs (81.9%). However, decentralised conduct 
of other activities such as obtaining consent (9.1%), 
and participant screening (4.7%) was less frequently 
reported. Decentralised methods were typically used to 
complement on- site conduct. For example, data collec-
tion was reported in 68.9% of the analysed protocols, but 
was reported to be conducted exclusively decentralised 
in only 1.6% of the protocols—although mobile devices 
are available for a broad variety of outcomes, such as 

Figure 3 Data collection by decentralised means reported 
in the different strata. Data are presented for non- hospital- 
based trials (n=231). The lighter parts of the bars display the 
proportions that were implicitly reported. PRO, participant- 
reported outcome; Q1&2, first and second quarter; Q3&4, 
third and fourth quarter.
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physical activity, sleep- related outcomes, cardiac- related 
outcomes, and glucose monitoring.2

COVID-19 and trends over time
On 11 March 2020, the WHO declared COVID- 19 a 
global pandemic.38 Subsequently, the initiation of non- 
COVID- 19 CTs declined from 2019 to 2020 by 11.1% and 
13.2% in Europe and the USA, respectively.39 Further-
more, the increased workload due to the pandemic 
may have affected the registration of new CTs in  Clini-
calTrials. gov by sponsors,39 which could partially explain 
the fewer number of protocols available for 2020. Previ-
ously, the use of wearables and telemedicine visits in 
interventional CTs has been demonstrated to increase 
only slightly (~1%) during the first 10 months of the 
COVID- 19 pandemic compared with trials initiated 10 
months before the pandemic,34 despite regulatory flex-
ibilities and the need to move trial activities away from 
investigative sites.23 Similarly, we have observed that the 
reporting of decentralised data collection methods did 
not increase over time. However, other decentralised trial 
activities including prescreening, screening, consenting 
and DtP IMP supply were increasingly reported over time. 
Despite this temporal increase, reporting of decentralised 
consenting, and DtP IMP supply decreased again in the 
second half of 2020. This is in agreement with a previous 
study that, based on data from the Mayo Clinic sites in 
the USA, described an increase in telemedicine visits and 
decentralised electronic consent during the COVID- 19 
pandemic until the peak in April 2020, after which activ-
ities reverted again to investigative sites.40 The authors 
suggested that this reversion to on- site activities could be 
due to sponsors wanting to adhere to original (on- site) 
protocols.40

Trial characteristics and reporting decentralised trial activities
Interestingly, phase 4 CT protocols reported less on- site 
and decentralised ‘IMP adherence monitoring’ and ‘CT 
monitoring’, which could be due to the elucidation of 
the safety profile of the IMP in phase 4 CTs. Nevertheless, 
we did not observe an increased frequency of reporting 
other decentralised trial activities, such as decentralised 
consenting or decentralised data collection, which could 
also be expected when the safety profile is more elucidated 
in late- phase CTs. Moreover, phase 4 protocols reported 
less decentralised data collection than phase 2 and 3. 
Differences in reporting data collection by decentralised 
means were also observed for the compared regions. 
Despite the heterogenous group of regions included in 
the ‘other regions’ category, we hypothesise that impeded 
access to participating sites in the ‘other regions’ is one 
of the reasons that decentralised data collection through 
home health visits was reported most in trials conducted 
outside of North America and Europe. Furthermore, it 
would be interesting to research whether the difference 
across the regions in reporting telemedicine visits has to 
do with limited internet access in certain regions.

Comparing the trial sponsors, trials conducted by private 
sponsors have previously been found to incorporate wear-
ables and telemedicine visits less frequently than publicly 
funded trials.34 Nevertheless, we found that private 
sponsors reported more telemedicine visits. However, it 
should be noted that private sponsors employed fewer 
phase 4 CTs (n=14)—which reported less decentralised 
data collection—than public sponsors (n=52).

Completeness of CT protocols
The results of this study suggest that publicly available 
protocols are often incomplete, as several trial activi-
ties are frequently ‘not reported’. For example, infor-
mation about the training of staff and participants, CT 
monitoring, and participant outreach was frequently not 
reported. The incomplete reporting of these activities may 
be partly explained as CT protocols are supplemented 
with additional study- related documents, such as a moni-
toring plan or a data management plan,41 which were not 
included in our analysis. Nevertheless, hiatuses in proto-
cols identified in this study may affect the interpretation 
of the CT results, and the design of future CTs. As an 
example, if the outreach strategy is not sufficiently clear 
from the protocol, deducing whether the trial results are 
generalisable can be difficult, particularly if these strat-
egies are not discussed in CT publications. Because of 
the novelty of decentralised approaches, on- site conduct 
may often be assumed. However, future protocols should 
clearly distinguish on- site and decentralised conduct. The 
problem of incomprehensive CT protocols is well estab-
lished and has been previously addressed by the Standard 
Protocol Items: Recommendations for Interventional 
Trials initiative, which has described a protocol checklist 
that could assist sponsors and investigators in drafting a 
comprehensive CT protocol.42 43

Strengths, limitations and future research
This study provides insight into the implementation of 
a broad set of operational trial activities, which can be 
executed in a decentralised fashion. A careful review 
of publicly available protocols allowed us to compare 
the reporting of decentralised and on- site conduct of 
predefined trial activities in different strata. Further, by 
manually extracting data from the protocols, the use of 
potentially incomplete or inaccurate information from 
the  ClinicalTrials. gov records was circumvented.44

Nevertheless, it should be noted that the failure to 
report specific trial activities in CT protocols does not 
imply that these trial activities are not used, either decen-
tralised or on- site. Second, we limited our search to proto-
cols of drug trials because regulations regarding these 
trials are typically most stringent. However, decentralised 
conduct of trial activities may be more apparent in trials 
investigating other interventions such as behavioural 
interventions. Although 254 CT protocols were included 
in this study, the number of protocols were sometimes 
relatively small when comparing subgroups. We saw a 
limited availability of 2020 protocols, which may be due to 
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the fact that protocols become available over time, after 
the CT is conducted and results are disseminated.45 As 
a consequence, this may have caused protocols for trials 
with a longer follow- up time to be underrepresented in 
the dataset. Additionally, compliance with obligations 
to publish information on  ClinicalTrials. gov is known to 
be inadequate.46 Third, most CTs included in this study 
were conducted in North America and Europe (155 and 
66 protocols with≥1 site in these regions, respectively), 
as  ClinicalTrials. gov is a database maintained by the US 
National Library of Medicine at the National Institutes 
of Health,47 thereby limiting generalisability to other 
geographical regions.

Future research could gauge the experiences of the 
stakeholders involved in decentralised conduct of trial 
activities, including participants and investigators. More-
over, further analysis of the various trial populations and 
TAs that would benefit the most from these approaches 
is warranted. Lastly, lessons learnt during the COVID- 19 
pandemic regarding decentralised trial activities from 
sponsors, health authorities and investigators should be 
collected to identify the best practices for employment of 
decentralised trial activities in CTs.

CONCLUSIONS
Trial activities are commonly conducted using decen-
tralised means, typically to complement on- site conduct. 
On- site conduct is more frequently reported for opera-
tional trial activities than decentralised conduct. Of the 
analysed trial activities, decentralised data collection 
was most frequently reported. Decentralised conduct 
of other trial activities, such as participant outreach, 
consenting, and screening was less frequently reported, 
whereas these activities were (more) frequently reported 
to be conducted on site. An interesting additional 
finding is that several trial activities are not reported at 
all in CT protocols including participant outreach and 
participant and study staff training. Innovation in CTs 
should therefore be followed by improved reporting on 
trial activities and the way these activities are conducted. 
Sharing experiences on trial activities frequently and 
infrequently executed in a decentralised fashion—
including participant outreach, obtaining informed 
consent, supply of IMP, and data collection—can now 
progress future use and drive mutual learning among 
clinical research stakeholders, to consequently benefit 
trial participants.
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Opportunities and Challenges for 
Decentralized Clinical Trials: European 
Regulators’ Perspective
 Amos J. de Jong1 , Tessa I. van Rijssel2, Mira G. P. Zuidgeest2, Ghislaine J. M. W. van Thiel2,  
Scott Askin3, Jaime Fons- Martínez4, Tim De Smedt5, Anthonius de Boer1,6, Yared Santa- Ana- Tellez1 and  
Helga Gardarsdottir1,7,8,* on behalf of the Trials@Home Consortium

Decentralized clinical trials (DCTs) have the potential to improve accessibility, diversity, and retention in clinical trials 
by moving trial activities to participants’ homes and local surroundings. In this study, we conducted semi- structured 
interviews with 20 European regulators to identify regulatory challenges and opportunities for the implementation 
of DCTs in the European Union. The key opportunities for DCTs that were recognized by regulators include a reduced 
participation burden, which could facilitate the participation of underserved patients. In addition, regulators indicated 
that data collected in DCTs are expected to be more representative of the real world. Key challenges recognized 
by regulators for DCTs include concerns regarding investigator oversight and participants’ safety when physical 
examinations and face- to- face contact are limited. To facilitate future learning, hybrid clinical trials with both on- site 
and decentralized elements are proposed by the respondents.

Clinical trials (CTs) are essential for determining the efficacy and 
safety of therapeutic interventions. However, several CT processes 
related to operations, data collection, participant recruitment, 
and prevention of loss to follow- up are suboptimal and hamper 
the clinical development of new interventions.1,2 Current pro-
cesses for participant identification, recruitment, and follow- up 
are expensive and often burdensome for participants,1 which may 
lead to low participation and retention.3 Furthermore, meeting 

recruitment targets is challenging,4,5 and this can lead to under-
powered CTs, and CT discontinuation.6,7 Together, these factors 
have scientific, ethical, and financial implications that can hinder 
timely access to new therapeutic interventions.

The implementation of digital technologies and other novel ap-
proaches may help to improve overall CT conduct and could enable 
a new operational approach known as “decentralized clinical trials” 
(DCTs). DCTs are CTs in which trial activities are performed at 
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THIS 
TOPIC?
 Decentralized clinical trials (DCTs) have the possibility to 
improve clinical trial conduct. However, regulatory require-
ments and perceived low degree of regulatory acceptance may 
impact the implementation of DCTs.
WHAT QUESTION DID THIS STUDY ADDRESS?
 What are the opportunities and challenges for the authori-
zation and implementation of DCTs in Europe from a regula-
tors’ perspective?
WHAT DOES THIS STUDY ADD TO OUR 
KNOWLEDGE?
 Regulators expect that DCTs will facilitate the recruit-
ment of underserved patients. Data collected in DCTs are 

furthermore expected to be more representative of the real- 
world. However, concerns regarding investigator oversight 
and safety monitoring may challenge DCT implementation. 
Regulators suggested that further experience with DCTs can be 
exerted through hybrid clinical trials, combining decentralized 
and on- site activities.
HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY OR TRANSLATIONAL SCIENCE?
 This research helps progress the implementation of DCTs 
by providing insights into the opportunities and challenges for 
its implementation from a European regulator’s perspective. 
The themes described in this research should be considered 
when designing a DCT and could help to educate regulators on 
DCTs.
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participants’ homes and/or at local health care facilities.8 In addition 
to the full DCT approach, where participants do not visit the trial 
site at all during the trial, hybrid CTs incorporate both decentralized 
and site- based elements.8 For conceptual clarity, we use “DCTs” to 
refer to both full DCTs and hybrid DCTs. Examples of decentralized 
trial elements (also referred to as “remote elements”) include recruit-
ment via social media, shipping study drugs directly to participants, 
data collection through wearables, and telemedicine visits to integrate 
trial participation into participants’ daily lives by reducing the need to 
physically attend on- site visits. As a result, DCTs may be less disruptive 
to the participants’ lives, whereas allowing the recruitment of a more 
diverse participant population9 and enriching datasets through more 
frequent or even continuous data collection in a real- world setting.10

The healthcare restrictions resulting from the coronavirus dis-
ease 2019 (COVID- 19) pandemic catalyzed the use of decentral-
ized elements to ensure participant safety (by reducing the risk of 
infection and continuing the investigational medicinal product 
(IMP) treatment) and maintain data integrity.11,12 Surveys have 
found that, post- COVID- 19, investigators are interested in in-
corporating decentralized trial elements,13,14 and previous initia-
tives have underlined the willingness of sponsors to implement 
DCTs.15,16 Furthermore, the pandemic has compelled regulators 
to take a position on the implementation of decentralized elements 
in clinical trials,17 and several European national competent au-
thorities (NCAs) have recently expressed interest in DCTs, issuing 
guidance and conducting DCT pilot studies.18– 21 Nonetheless, 
relatively few full DCTs have been conducted in Europe thus far. 
Recent work has suggested that, among other factors, regulatory 
requirements and a perceived low degree of acceptance by NCAs 
and ethics committees may be limiting their implementation.22– 24 
Hence, identifying the opportunities and challenges for DCTs 
from a regulatory bodies’ perspective could help enable progress. 
At present, these have not been formally evaluated in the European 
context. Therefore, this study involves interviews with European 
regulators— who work within different roles overseeing the autho-
rization, conduct, or data generated in a CT— to identify those op-
portunities and challenges from a regulatory perspective that affect 
the authorization and implementation of DCTs.

METHODOLOGY
Study design and study population
Data were collected through in- depth semi- structured interviews 
with European regulators. The Consolidated Criteria for Reporting 
Qualitative Research (COREQ) were used to report on the methodol-
ogy.25 Representatives from 37 European Economic Area (EEA) NCAs, 
covering all EEA member states, were identified from the NCA and 
European Medicines Agency (EMA) websites and the research team’s 
network. Participant eligibility was restricted to regulators involved in 
assessing the application, implementation, and interpretation of CTs 
(e.g., clinical assessors and statisticians) who worked for an NCA in the 
EEA during the study period. Experience with assessing DCTs was not 
required. The respondents were asked for their personal perspectives and 
did not participate on behalf of their NCA. This work did not include 
patients and was therefore exempt from ethics review.

Outcomes and interview guide development
The interview guide was designed to collect information about regula-
tory opportunities and challenges for DCTs (Table S1). To that end, it 

included five topics, open interview questions, and detailed probes. The 
interview guide topics were identified via the Trials@Home “decentral-
ized trial process” framework26 and using the authors’ experience, and 
they were as follows: (i) CT authorization of DCTs; (ii) decentralized 
recruitment and enrollment of participants; (iii) direct- to- participant 
(DtP) IMP supply; (iv) the acceptance of the evidence generated by 
decentralized means; and (v) the impact of COVID- 19 on CTs. The 
content of the interview guide was validated by a discussion of the pre-
liminary guide with a clinical assessor from an NCA, expert reviews by 
six Trials@Home consortium members with DCT regulatory expertise, 
and three pilot interviews.

Data collection
Semi- structured interviews of ~1 hour each were conducted online by a 
trained researcher (A.J.d.J.), with 1 to 3 respondents at a time, between 
May and October 2021. Data collection continued until no new themes 
were being identified from new data according to the saturation crite-
rion.27 Before the interviews, the interview guide and informed consent 
form were shared with the respondents. Because the interviews were 
conducted online, verbal consent was obtained from each participant be-
fore their interview. All topics and open interview questions detailed in 
Table S1 were discussed with the respondents, and the respondents were 
free to elaborate on the topics that suited their expertise. A summary of 
each interview was drafted based on field notes and shared with the re-
spective respondent for additional clarification or correction if necessary.
The respondents’ current areas of expertise were classified by the follow-
ing categories: (i) CT assessors— who are involved in the assessment of 
CT application dossiers before trial commencement, (ii) GCP inspectors, 
(iii) and clinical data assessors. The geographic region in which the in-
terviewee’s NCA operates was determined using the geographic regions 
from the “standard country or area codes for statistical use (M49).”28 
The participant’s years of experience as regulator were collected from the 
transcripts or curricula vitae.

Data analysis
The interviews were audio- recorded, transcribed verbatim, and pseud-
onymized for further analysis. Transcripts from the three pilot inter-
views were included in the data analysis because no changes were made 
to the interview guide topics based on these pilot interviews. The in-
terview transcripts were qualitatively analyzed by thematic analysis29 
using NVivo 12 Pro, QSR International (Burlington, MA). First, two 
interview transcripts were independently coded by two authors (A.J.d.J. 
and T.I.v.R.). In the next stage, the codes were iteratively reviewed, aggre-
gated, and categorized into (sub- )themes to draft a codebook and a pre-
liminary thematic map. Six of the 13 subsequent transcripts were coded 
in duplicate and discussed by three researchers (A.J.d.J., T.I.v.R., and 
Y.S.A.T.) to refine the initially identified (sub- )themes, thus allowing for 
triangulation between the authors. We then classified opportunities and 
challenges for the identified themes.

RESULTS
Respondents’ characteristics and experience
In total, 124 representatives from all European regions28 were 
invited to participate, 53 of whom responded. Twenty regulators 
from 11 European NCAs participated in one of the 15 interviews 
(Table 1). All European regions except Eastern Europe were rep-
resented in the interview series. The reasons for non- participation 
were lack of prior experience with DCTs (n = 12), time constraints 
(n = 8), the project not being within the remit of the invitee or 
department (n = 4), or other reasons (n = 9).

All respondents had experience with individual decentralized 
elements, such as DtP IMP supply, electronic data collection 
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tools, and home nurse visits. In addition, most respondents had 
experience of providing scientific advice for DCTs or had been in-
volved in European- level discussions regarding DCTs, for example, 
through the EMA Innovation Task Force (ITF), Good Clinical 
Practice Inspectors Working Group (GCP IWG), and/or Clinical 
Trials Facilitation and Coordination Group (CTFG). None of the 
respondents had assessed a full DCT.

Five major themes were identified from the interview data: 
(i) justification of decentralized elements, (ii) sponsor and in-
vestigator responsibilities; (iii) trial participants’ interests; (iv) 
data quality; and (v) future directions (Figure 1). In relation 
to these themes, both opportunities and challenges applicable 
to DCTs and conventional CTs were identified (Table  S2). 
The key opportunities and challenges are presented in Table 2.

Justification of decentralized elements
The respondents indicated that decentralized elements should 
suit the research question and be clearly described and justified 
on a case- by- case basis within the clinical trial protocol, owing 
to the novelty of these approaches. It was stated that a decrease 
of trial costs would not be considered sufficient justification for 
implementing decentralized elements. Risks associated with the 
implementation of decentralized elements should be anticipated 
and mitigated.

Late- phase confirmatory CTs were considered more suitable for 
DCTs than early- phase CTs, as the safety- risk profile of the IMP 
should be sufficiently elucidated. However, the respondents indi-
cated that they were open to all proposals from trial sponsors:

It is up to the sponsor to push the envelope and con-
vince us that it is safe, that it is actually a good way of 
conducting a clinical trial. I think as a regulator you 
should not hinder the progress, but you are not the 
person who does the interventions either. And one 
way of hindering progress is to state certain things 
like ‘this would never go’ and ‘this is never accept-
able,’ when in fact you don’t have the expertise to 
think through every scenario and what is actually 
acceptable (clinical trial assessor).

Opportunities to conduct DCTs for chronic diseases, low- 
risk diseases (such as allergic rhinitis or smoking cessation), and 
rare diseases were recognized by several respondents, due to the 
ability to self- manage chronic diseases; and the opportunity to 
recruit more participants in a CT for rare diseases due to the 
wider geographic reach. On the contrary, therapeutic areas 
(TAs) that require careful assessment or observation— such as 
Parkinson’s disease or those requiring more intensive care, such 
as oncology— were considered by several respondents to be less 
appropriate. It was acknowledged, however, that, in certain 
instances, oncology and palliative care trials could and should 
be conducted close to the participants’ direct surroundings 

Table 1 Characteristics of the respondents (n = 20)

Characteristic Category Frequency (%)

Years of experiencea 0– 4 years 4 (20)

5– 9 years 5 (25)

>10 years 11 (55)

Expertise/role Clinical trial 
assessor

8 (40)

GCP inspector 5 (25)

Clinical data 
assessor

6 (30)

Otherb 1 (5)

European region Northern Europe 6 (30)

Southern Europe 5 (25)

Western Europe 9 (45)

Eastern Europe 0 (0)

GCP, good clinical practice.
aExperience as a clinical regulator.
bEthicist. The European region where the interviewees’ national competent 
authority operates was determined using the Geographic Regions from the 
“standard country or area codes for statistical use (M49).”28

Figure 1 Graphical representation of the five identified themes. [Colour figure can be viewed at wileyonlinelibrary.com]
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to benefit the participant (Supplementary Information 
Quote S1).

Sponsor and investigator responsibilities

Investigator oversight. Several challenges regarding the use of 
third parties in DCTs were recognized, including the training 
of third parties and the hesitancy of NCAs, ethics committees, 
and investigators to delegate tasks to third parties. This is 
because of a lack of clarity regarding qualifications and the 
overall responsibility of the investigator, under the International 
Council for Harmonisation of Technical Requirements for 
Pharmaceuticals for Human Use (ICH) GCP guideline. One 
respondent explained this as follows:

The most difficult issue we have experienced is the 
acceptance of external staff so, home visits by home 
nurses, and home doctors. They are not very well ac-
cepted, either by ethics committees but, even more, 
by the PI (clinical data assessor).

As a solution, one respondent proposed that home visits should 
ideally be organized via a site’s existing infrastructure. Furthermore, 
there was a need for clear lines of communication among the in-
vestigator staff, local healthcare professionals, and vendors, as 
participants should not be responsible for communicating safety 
information.

Safety monitoring. Many respondents indicated that proper 
safety monitoring typically requires in- person (on- site) visits 
to perform physical examinations and reported challenges 
regarding fully decentralized safety monitoring. Namely, timely 
and uninterrupted access to interpretable safety data is vital, and 

safety data should be synchronized to the electronic medical 
record to ensure continuity of care. In addition, safety data 
should be reviewed regularly by site study staff. Opportunities 
to ensure timely review of safety data include (i) monitoring 
the investigator staff ’s data review, (ii) provision of a stable 
data transfer connection, (iii) provision of mobile internet to 
trial participants if needed, and (iv) use of algorithms to assist 
manual review.

Data management and privacy. One potential challenge mentioned 
by the interviewees is that the participants’ personally identifiable 
data should not be available to the sponsor during a DCT. 
Therefore, several respondents indicated that activities during 
which personal data is obtained or required— including screening 
procedures and shipment of IMP— should be performed under 
the responsibility of the investigator. In addition, the data flow— 
including the data transfer and (temporary) data storage— should 
be clearly described.

Trial participants’ interests
Many respondents highlighted reducing the burden of trial 
participation as one of the main opportunities for DCTs. The 
DCTs could also enable the inclusion of patients with reduced 
or challenged mobility, as well as patients from larger geographic 
areas. However, multiple interviewees indicated that the inclu-
sion of digitally illiterate patients (e.g., elderly people) in DCTs 
may be a challenge, although others indicated that elderly pa-
tients may be able to participate (Supplementary Information 
Quote S2).

The limited in- person interaction in a DCT was considered 
a challenge. The respondents highlighted the importance of in- 
person visits for engaging participants and building rapport, which 
was considered particularly helpful for recruiting and retaining 

Table 2 Key opportunities and challenges for the implementation of decentralized clinical trials as stated by the 
interviewees

Theme Opportunities Challenges

Justification of decen-
tralized elements

• DCT approaches can be particularly suitable for tri-
als with chronic diseases, rare diseases, immobile 
participants, self- administrable IMP, lower safety 
risk profile, and confirmatory CTs

• Insufficiently detailed description and justification of 
decentralized elements in the protocol

Sponsor and investiga-
tor responsibilities

• Home health visits to ensure proper oversight and 
detection of safety events

• Participants becoming responsible for communicating 
safety information

• Inappropriate delegation of tasks

Trial participants’ 
interests

• Less (travel) burden
• Larger geographical reach
• Improved accessibility by recruiting participants that 

would not normally participate in a conventional CT

• Insufficient relationship building with participant
• Inability to assess participant’s ability and eligibility 

to participate
• Increased workload for participants and investigators

Data quality • Collection of continuous data closer to the real- 
world setting

• More complete data by enabling home/telemedicine 
visits, and by reducing the data collection burden

• Recruitment of a skewed (tech- savvy, younger) 
population

• Difficulty interpreting large datasets
• Limited validation of novel digital outcome measures

Future directions • Facilitate ‘learning- by- doing’ through hybrid CTs
• More harmonized evaluation of DCTs under the CTR

• Limited information on the effectiveness of decentral-
ized elements and its comparability to conventional CTs

• Heterogenicity in the acceptance of decentralized 
elements

CT, clinical trial; CTR, Clinical Trials Regulation EU 536/2014; DCT, decentralized clinical trial; EU, European Union; IMP, investigational medicinal product.
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participants. Furthermore, in- person visits may be important for 
assessing whether patients are suitable for a CT and could help par-
ticipants decide whether to participate. One respondent explained 
this as follows:

If you are face- to- face, you see the whole patient; 
there’s a direct contact and you can get attention 
to a medical health condition or characteristics 
which you would not have seen if you just have a 
video. You could miss something that may lead to 
exclusion or maybe an additional risk (clinical trial 
assessor).

It was recognized that there is an opportunity to introduce a 
“personal contact moment” in DCTs with the incorporation of 
home visits, which could also facilitate certain study activities, such 
as complex IMP administration.

Data quality
A recurrent theme in the interviews was the regulatory acceptance 
of data generated by decentralized means. Six aspects were identi-
fied relating to this theme (Figure 2).

Generalizability. There was a diversity of views regarding 
generalizability in the context of a DCT. Several respondents 
were concerned about enrolling a “skewed population,” as both 
online recruitment and digital illiteracy in relation to the digital 
tools were considered potential challenges. However, other 
respondents indicated that conventional CTs are subject to similar 
challenges and remarked that DCTs may attract populations 
who are not included in conventional CTs, making them more 
generalizable. Furthermore, respondents mentioned that DCTs 
offer the possibility to test IMP closer to a real- world setting 
(Supplementary Information Quote S3).

Participant preference. The option to introduce decentralized 
or on- site activities according to a participant’s preference or 
need, was considered an opportunity for DCTs. However, 
other respondents were concerned about these optional 
approaches, as different methods of data collection could 
differently affect the outcomes (Supplementary Information 
Quote S4). As a solution, one clinical data assessor indicated 
that the optional approach should be incorporated in both the 
interventional and control arms, and proper randomization 
should be ensured.

Big data. Incorporating digital technologies in DCTs may provide 
further opportunities for continuous data collection, thereby 
generating large data sets. However, the respondents indicated 
that the generation of “Big Data” through digital technology 
could unnecessarily burden participants and the dataset could be 
challenging to interpret (Supplementary Information Quote S5).

Data completeness. Missing data and the reasons for these gaps 
could create challenges for data interpretation and were considered 
by several respondents to be a challenge for DCTs:

If, remotely, something is missing, it may be very 
unclear what is happening. […] If, for instance, you 
think about a diary where the patient enters a score 
every day. If you do this for a year and let’s say 50% 
of the entries are missing, it will be very difficult 
to interpret because you cannot just simply assume 
that he forgot to answer or that it’s not related to the 
outcome (clinical data assessor).

However, other respondents argued that DCTs provide the 
opportunity to reduce missing data by improving protocol 
compliance, training stakeholders, passively collecting data, im-
plementing monitoring and reminder systems, considering de-
vice practicalities, and enabling visits through the use of home 
nurses.

Variability. Interviewees also mentioned that variability of 
measurements may increase in DCTs, due to self- measurement, 
the inclusion of local healthcare professionals and laboratories, 
and more diverse populations. This potential increase in 
variability was considered a challenge by the respondents, as 
it could hinder the inference of drug effects. Therefore, it was 
suggested that DCTs may need to enroll larger samples and 
must limit the amount of missing data. It should also be ensured 
that the participant- reported data are entered and generated by 
the trial participants themselves— for example, using adequate 
identification systems.

Validation. The respondents indicated that the validation of novel 
digital outcome measures might be challenging because sponsors 
may not know what is expected of them when validating a new 
outcome and may be unwilling to invest in novel outcome measures 
when conventional and accepted alternatives are available. The 
respondents agreed that accepted outcome measures could be 
adopted for at- home situations, albeit dependent on the context of 
the CT, as one interviewee explained:

[Adopting an accepted measurement to an at- home 
situation] would be acceptable, but what we would 
like to know is: how do you do it? And if you do, 
what study population do you have? Are they used 
to taking their blood pressure at home? Does ev-
eryone in the study population have the same wear-
ables? Are they trained? Is there a helpdesk they can 
call if they have issues? (clinical trial assessor).

In the context of digital data- collection technologies, CT asses-
sors in particular highlighted that the devices used to collect the 
data should have a Conformité Européenne marking to show they 
are used in line with their intended use.

Future directions
According to the respondents, the COVID- 19 pandemic and 
associated restrictions have been a catalyst for the implementa-
tion of decentralized elements in CTs. To ensure further mutual 
learning, the respondents emphasized that DCT approaches 
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should be discussed with regulators— for example, through sci-
entific advice. In addition, the use of hybrid CTs was advocated 
by the respondents to gain more experience with a combination 
of decentralized elements, whereas allowing for the incorpora-
tion of on- site visits.

Currently, the acceptance of individual decentralized 
elements— such as electronic consent and DtP IMP supply— 
differs between NCAs, due to variation in national legislation. 
In addition, the respondents explained that ethics committees 
may have different views regarding the implementation of de-
centralized elements. To harmonize the evaluation of DCTs, 
the respondents described the need for a consolidated opinion 

on DCTs, which is being drafted by the CTFG is (at the time of 
the interviews). The application of the 536/2014 EU Clinical 
Trials Regulation (CTR) could further lead to a more harmo-
nized evaluation of DCTs. One respondent explained this as 
follows:

When it comes to an individual clinical trial under 
the CTR, there will be this common assessment as 
well. So, I suppose that that will facilitate the dis-
cussion as well, and hopefully, at some point, we 
will have a common view in Europe (clinical trial 
assessor).

Figure 2 Graphical representation of the data quality sub- themes identified from the interview data. (a) Generalizability; the current inability 
to recruit a diverse and representative trial population for a clinical trial, the concern that DCT recruitment is limited to participants with digital 
skills, and the potential of DCTs to recruit a representative sample generalizable to the target population. (b) Participant preference; the 
opportunity to incorporate participant preferences and the potential impact of different data collection methods on the outcomes. (c) Big Data; 
the challenge to interpret large datasets generated through, for example, wearables. (d) Data completeness; the opportunity to generate more 
complete data through passive data collection, and the challenge of more missing data because of poor technology adherence. (e) variability; 
the potential increase in variability in DCTs, because more data collection methods are utilized. (f) Validation; the challenge to validate novel 
digital outcomes. DCT, decentralized clinical trial. [Colour figure can be viewed at wileyonlinelibrary.com]
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DISCUSSION
In this study, we investigated the perspectives of European regu-
lators regarding the implementation of DCTs for benefit- risk as-
sessments. Opportunities and challenges for implementing DCTs 
were identified. Of note, several identified challenges may also be 
relevant for conventional CTs, such as challenges related to the 
validation of data collection tools, investigator oversight, and gen-
eralizability of trial results— although some may be more evident 
for DCTs.

Justification of decentralized elements
In this study, we found that DCT approaches may be considered 
for a diverse set of TAs and target populations, as was also illus-
trated by a pilot project conducted in Sweden in which DCTs were 
used for all phases throughout clinical development, covering 
a diverse set of TAs (including diabetes, COVID- 19, and breast 
cancer).19 Clinical development for rare diseases may, however, es-
pecially benefit from a DCT approach, as participant recruitment 
may be difficult, requiring continued evidence generation after 
marketing authorization has been granted.30

Data quality of data generated by decentralized means
It has been suggested that digital technologies could lead to more 
clinically meaningful end points than conventional end points, as 
data could be collected more frequently, and more objectively due 
to the reduced impact of observer and recall bias.31,32 Although the 
opportunity to collect richer data via digital technologies was recog-
nized by the regulators, they were cautious about the impact of large 
data sets on end points. In addition, missing data due to technical 
defects or poor technology adherence were found to be a potential 
challenge. Solutions to limit missing data are context- specific but 
could include training, sending reminders, minimizing participa-
tion burden, making user support available (e.g., helpdesks), back-
ing- up operating systems, and validating the technology.33,34

Challenges associated with the validation of digital technolo-
gies have been said to impede their uptake.35,36 In agreement with 
our findings, a recent study found that the main concerns of the 
Committee for Medicinal Products for Human Use of the EMA 
regarding digital data collection technologies include the relevance 
and validation of the novel technology.37 A discussion of the re-
quirements for the qualification of digital technology is beyond the 
scope of this paper, but these have been previously described.38,39

Investigator oversight
Although the involvement of third parties, such as home nurse 
services, may be necessary to manage DCTs, the respondents sug-
gested that investigators may be hesitant to delegate specific tasks, 
as they may be held responsible for any noncompliance by third 
parties, as stated in ICH E6 R2 4.2.5 and 4.2.6.40 Furthermore, 
previous research has found that training third parties, obtaining 
data from third parties, and obtaining ethics approval can all cre-
ate additional challenges for the involvement of third parties in a 
DCT.41 Home nursing services provided through a site’s existing 
infrastructure can address these issues. The use of external home 
nurse services could also be considered, provided the qualifica-
tions are clear.

Participants’ interests and generalizability
The reduction in the burden on participants was considered by the 
regulators to be a key opportunity for DCTs. However, there is 
also a need to avoid overburdening participants with digital tech-
nology.42 In addition, the (perceived) need for in- person visits— 
for physical examinations and to build a relationship— could 
limit the implementation of full DCTs. A trusting relationship 
between the investigator and (potential) trial participants has 
been shown in trials to aid the recruitment and retention of trial 
participants.43 However, other studies have shown that recruiting 
participants through online means can accelerate and improve re-
cruitment rates, compared with traditional on- site participant re-
cruitment.44,45 In DCTs, safety of participants and relationships 
with investigator staff should be ensured and maintained through 
regular contact via decentralized means or home visits.

The risk of excluding digitally illiterate participants was con-
sidered a potential challenge for DCTs, with elderly participants 
considered to be more often digitally illiterate. Whereas digi-
tal recruitment strategies have recruited younger participants in 
some studies,44,46 another study found no differences between 
traditional and digital recruitment strategies in terms of age.47 In 
addition, DCTs can use recruitment strategies similar to conven-
tional CTs, such as physicians’ networks and registries. Although 
recruitment of demographically skewed samples may limit the gen-
eralizability of trial results, it should be noted that conventional 
CTs suffer from similar issues because of strict eligibility criteria or 
sampling in specific clinical settings.48

Future directions
In this study, regulators said they were open to DCT proposals 
but indicated that their experiences with full DCTs were limited. 
The Danish Medicines Agency’s and Swissmedic/Swissethics 
DCT guidance emphasize that experience is needed “to identify 
the weaknesses and strengths […], including the impact of the 
reduced face- to- face visits”18 and to show if “new standards are 
needed to approve DCTs”.20 The respondents in this study sug-
gested that regulators should be approached with proposals for 
(hybrid) DCTs, for example, through EMA scientific advice. This 
process of learning- by- doing can be supplemented by providing 
training for regulators to support the evaluation of DCTs, com-
plex datasets, and novel end points through initiatives such as 
Trials@Home (https://trial satho me.com/), Mobilise- D (https://
www.mobil ise- d.eu/), RADAR- AD (https://www.radar - ad.
org/), and the United States- based Clinical Trials Transformation 
Initiative (https://ctti- clini caltr ials.org/). In addition, changes in 
CT conduct engendered by the COVID- 19 pandemic provide the 
opportunity to identify learnings relevant for DCTs. For exam-
ple, the US Food and Drug Administration Oncology Center of 
Excellence has launched an initiative to evaluate the effect of de-
centralized assessments on data quality and to identify mitigation 
strategies from trial data affected by the COVID- 19 pandemic.49

Endeavors to harmonize guidance and regulations regarding de-
centralized elements on a European level may further facilitate the 
uptake of DCTs and could overcome the need for country- specific 
adjustments. For example, there is currently no consensus in the 
European Union regarding the acceptability and validity of using 
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decentralized elements, such as electronic signatures to obtain 
informed consent via decentralized means, and the shipment of 
IMPs directly to trial participants.50

Strengths, limitations, and suggestions for future research
This study provides a list of important opportunities and chal-
lenges for the implementation of DCTs in Europe from a regulatory 
perspective. This study incorporated complementary perspectives 
of regulators from different European regions involved in assess-
ing the authorization, conduct, and clinical data of CTs. However, 
their representativeness may be restricted, as the perspectives of reg-
ulators who are less familiar with— or more critical of— DCT ap-
proaches may have been limited. Although no prior experience with 
DCTs was required to participate in this project, we found that 
some potential interviewees chose not to participate in this research 
due to lack of experience. As such, the perspective of regulators who 
are less supportive of DCTs may not have been fully captured in this 
research. Furthermore, the individual perspectives captured in this 
research may not fully reflect the NCAs’ standpoints.

Currently, it is not clear whether decentralized elements and re-
cruitment approaches allow for the inclusion of a more representative 
and diverse trial population. In addition, data on the comparability 
of DCTs and conventional CTs are needed. Finally, the development 
of a regulatory framework for DCT assessment and educational ac-
tivities could facilitate mutual learning by sponsors and regulators. 
Future studies on these topics are therefore recommended.

CONCLUSION
Regulators agree that DCT approaches can be considered for var-
ious types of trials, provided that the decentralized elements are 
justified considering the research question and trial characteristics. 
The key opportunities of DCTs recognized by European regulators 
include exerting a lower participation burden, allowing underserved 
groups to participate in CTs, and capturing data from the “real 
world.” However, from a regulatory perspective, reducing face- to- 
face contact, and the maintenance of investigator oversight when 
involving third parties are considered challenges to implementation 
of DCTs. The possible impact of decentralization on data quality 
should also be addressed when designing a DCT. The factors iden-
tified in this study indicate that the EU regulatory network is ready 
to gain experience with DCTs to ensure participant- centered trials.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical 
Pharmacology & Therapeutics website (www.cpt-journal.com).
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Abstract

Aims: Insights into the current practice of direct-to-participant (DtP) supply of inves-

tigational medicinal product (IMP) in the context of clinical trials conducted in Europe

are needed, as regulations are unharmonized. This study is set out to explore how

DtP IMP supply has been employed in Europe and what the advantages and disad-

vantages and barriers and facilitators of its implementation are.

Methods: We conducted semi-structured interviews with representatives from spon-

sor companies, courier services and site study staff involved in the IMP dispensing

and delivery process in Europe. Interviews were conducted between May and

November 2021, and data were analysed following thematic analysis.

Results: Sixteen respondents participated in one of the 12 interviews. Respondents

had experience with different models of DtP IMP supply including shipment from the

investigative site, a central pharmacy (a depot under the control of a pharmacist) and a

local pharmacy—aiming to reduce trial participation burden. The respondents indicated

that investigative site-to-participant shipment is not affected by regulatory barriers,

but could burden site staff. Shipment from central locations was considered most effi-

cient, but possible regulatory barriers related to maintaining participants' privacy and

investigator oversight were identified. The respondents indicated that the involvement

of local pharmacies to dispense IMP can be considered when the IMP is authorized.

Conclusions: Several DtP IMP supply models are implemented in clinical trials con-

ducted in Europe. In this study, three main DtP IMP models were identified, which

can be referenced when describing these approaches for regulatory approval.

K E YWORD S

decentralized clinical trial, direct-to-participant, direct-to-patient, DtP, home delivery,
patient-centric

trialsathome.com.
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1 | INTRODUCTION

Clinical trials are essential for the development of medicinal

products. The increasing availability of digital technologies and the

implementation of these technologies into clinical trials offer the

possibility of conducting clinical trials in a decentralized fashion.

Decentralized clinical trials (DCTs) are trials in which activities

are conducted in participants' homes and local settings, rather than

at investigative sites,1 potentially improving accessibility and

reducing the burden on participants.2 One trial activity enabling

DCTs is the provision of the investigational medicinal product (IMP,

“a medicinal product which is being tested or used as a reference,

including as a placebo, in a clinical trial”)3 directly to the trial

participants, thereby reducing the need for travel to the

investigative site.

In the European Union (EU), EU laws (Regulation EU

536/2014) and national laws govern the assessment of clinical

trials, including the direct-to-participant (DtP) supply of IMPs. While

EU laws do not prohibit at-home dispensing or administration of

IMPs, the Good Clinical Practice (GCP) Inspectors Working Group

of the European Medicines Agency (EMA) has previously

highlighted that national legislation may prohibit such practices.4

Previous research has found that national provisions regarding DtP

IMP supply are often lacking and unharmonized,5,6 necessitating

case-by-case decisions by national competent authorities (NCAs)

and ethics committees, which ensure that investigator oversight

and accountability are maintained per the International Council for

Harmonization of Technical Requirements for Pharmaceuticals for

Human Use (ICH) E6 guideline throughout the DtP process.7 The

research by Malone et al found that, pre-Covid-19, DtP IMP supply

was not widely accepted by NCAs.6 During the Covid-19 pandemic,

when access to healthcare was limited and travel restrictions were

in place, more detailed guidance regarding the shipment of IMPs

was provided by international and national regulatory bodies.8–10

These guidelines state that IMPs normally dispensed at a trial site

could be provided from the site, or in certain cases and countries

from the sponsor, via a courier service.8 However, national differ-

ences were apparent, and it is unclear whether and how such

guidance will be translated into regulation in the future.10 These

factors, taken together, may engender a risk-averse approach to

the implementation of DtP solutions.

Given that regulations and NCA perspectives regarding DtP

IMP supply are unharmonized, insight into current practice is

needed to support the development of harmonized regulatory

guidance and the implementation of supply approaches. The current

project therefore explores how DtP IMP supply has been employed

in trials executed in Europe before and during the Covid-19

pandemic, seeking to identify the advantages and disadvantages of

such approaches and to identify the barriers to and facilitators of

their implementation in Europe.

2 | METHODS

2.1 | Study design

This paper explored the experiences of pharmaceutical company

representatives, courier-service representatives and investigative site

staff operational in Europe. These experiences were collected

between May and November 2021 through online, 1-h, semistruc-

tured interviews that allowed for tailoring of the discussions to the

respondents' expertise, while discussing predefined topics. The

consolidated criteria for reporting qualitative research were used to

report on the methodology.11

2.2 | Eligibility and recruitment

Participant eligibility was restricted to clinical trial sponsor representa-

tives, courier-service representatives and site study staff who were

involved in IMP handling and had experience with, or planned to

implement, DtP IMP supply in the EU/European Economic Area (EEA)

before or during the Covid-19 pandemic. To capture diverse perspec-

tives, maximum variation and snowball sampling were employed,12

that is, representatives were invited to participate on the basis of the

type of sponsor, size of their company and previous (known)

What is already known about this subject

• Regulations regarding clinical trial operations, including

the shipment of drugs directly to the trial participants, are

not harmonized across Europe.

• Dispensing of investigational medicinal products (IMPs) in

clinical trials typically requires on-site visits.

• Direct-to-participant (DtP) supply of IMP could enable

decentralization of drug trials.

What this study adds

• DtP IMP supply from the investigative site, central

pharmacy and local pharmacy is conducted in Europe.

• The need to lower the burden of trial participants drives

the implementation of DtP IMP supply.

• The disease demographic, IMP characteristics, unharmo-

nized regulations and participant privacy should be

considered when implementing DtP approaches.

2 de JONG ET AL.
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experience with DtP IMP supply. Eight experts were initially

approached via the Trials@Home network and asked to identify

potential respondents within their networks. Subsequent respondents

were identified through snowballing.

2.3 | Interview guide development

Based on the aim of this study and other important concepts from

the literature,6,8,13 four topics for the interview guide were drafted.

First, where possible, case study examples of DtP IMP supply put

forward by the respondents were discussed. Second, their experi-

ences of barriers to and facilitators of DtP IMP supply were

solicited. Third, the advantages and disadvantages of different DtP

IMP supply models were discussed. Fourth, recommendations from

the respondents were collected. A preliminary interview guide was

discussed with an industry expert on DtP IMP solutions. The

interview guide was adapted to include questions on (i) sponsors'

strategies for supporting hospital pharmacies with the implementa-

tion of DtP IMP solutions and (ii) experiences with importing IMP.

The interview guide was subsequently piloted, with three inter-

views. The guide was not adapted based on the findings, and the

data were included in the analysis. The concise interview guide can

be found in Table 1.

2.4 | Data collection

Semistructured interviews with one to three interviewees at a time

were conducted by R.J.G. and/or A.J.d.J. between May and November

2021 via an online videoconference service (WebEx™). Each interview

lasted approximately 1 h. Verbal informed consent was obtained from

the trial participants before the interviews. As the research did not

include patients, it was exempt from ethics review. Summaries of the

interviews were shared with the respondents to ensure correct inter-

pretation and to allow for the provision of additional feedback if

deemed necessary.

2.5 | Data analysis

The interviews were audio-recorded, transcribed verbatim and

inductively coded following thematic analysis14 using NVivo 12 Pro,

QSR International (Burlington, MA, USA). All the transcripts were

coded in duplicate by A.J.d.J. and R.J.G. The identified codes were cat-

egorized, discussed and reviewed iteratively within the research team

and aggregated into (sub)themes.

3 | RESULTS

3.1 | Respondents' characteristics

In total, 27 potential respondents were approached, of whom

16 (59%) participated in one of the 12 interviews. Eleven invitees did

not reply or confirm their participation. The participants were repre-

sentatives from courier-service providers (n = 8), pharmaceutical

companies (n = 5), hospital pharmacists (n = 2) and one academic

researcher. The characteristics of the respondents, including their

experiences with DtP IMP in Europe, are displayed in Table 2.

3.2 | Themes identified from the data

Three main themes were identified from the transcript data: (i) DtP

models employed in Europe, (ii) drivers of DtP supply implementation

and (iii) impact of regulations.

3.2.1 | Direct-to-participant models employed in
Europe

Experience

Several DtP IMP supply models were identified from the respondents'

experiences (Figure 1). The respondents indicated that they had pre-

dominantly implemented the investigative site-to-participant model in

Europe, as there are few barriers to its implementation, as one

respondent explained:

TABLE 1 Concise interview guide.

Topic Questions

Case study

examples

• Can you tell me about a specific trial

(conducted in Europe) in which you were

involved, where DtP IMP supply was

implemented?

a. Why was DtP IMP supply chosen to be

implemented in this trial?

b. What type of DtP IMP supply model

was chosen for this trial (eg, from

investigative site-to-participant,

sponsor-to-participant)?

Experienced

facilitators and

barriers

• What made the execution of this DtP IMP

supply model possible (in terms of ethical,

regulatory, practical and legislative

matters)?

• What barriers did you experience when

implementing DtP IMP supply?

• Do you know of any clinical trials within

your company which were intended to

implement DtP IMP supply, but this was

ultimately not done? If so, why was this?

Perceived

advantages and

disadvantages

• What do you consider the (dis)advantages

of the different DtP IMP supply approaches

you previously described, as compared to

on-site supply?

Recommendations

and advice

• What advice would you give to sponsors

that want to implement DtP IMP solutions?

Abbreviations: DtP, direct-to-participant; IMP, investigational medicinal

product.
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You can almost think of the site-to-patient paradigm as

the extended arm of a study nurse. There is no change

in any of the processes, and therefore there are little

or no barriers really.

(Pharmaceutical company representative)

In addition, the respondents had experience with delivering IMPs

from local and central pharmacies to participants, although this was

less common. We observed a lack of standardized terminology to dis-

tinguish DtP models from one another, with the terms “central phar-
macies”, “sponsor depots” and “courier depots” all used. The

respondents indicated that, in Europe, the dispensing of an IMP to a

participant is performed by a pharmacist following a single or consec-

utive prescription, without the sponsor having access to personally

identifiable information. Therefore, references to “central pharmacy

to participant” or “pharmacy depot to participant” denote those

models in which IMP is dispensed from a pharmacy depot under the

control of a pharmacist who is then able to distribute to other loca-

tions away from the clinical setting (Table 3). The respondents did not

have any experience with the sponsor-to-participant model, in which

IMP is shipped from a private company sponsor or distributor depot,

in Europe, whereas some had implemented this model in trials con-

ducted elsewhere.

Additionally, the respondents had implemented several means of

delivery, including the delivery and potentially the administration of

IMPs to the participant by home nurses (Box 1), the shipment of IMPs

via postal mail (Box 2), delivery by courier services (Box 3) and collec-

tion at a local pharmacy (Box 4).

Advantages and disadvantages of the different models

Despite the investigative site-to-participant supply model being

reported as relatively easy to implement, it was indicated that the

logistics associated with the shipment may be burdensome for sites

and that easy-to-use interfaces and processes may facilitate this model.

Furthermore, industry and site study staff representatives mentioned

that shipment from a central location is most efficient, in other words,

only interactive response technology (IRT)-ordered IMP is dispensed,

provided this can be accommodated by the central location and no

excess IMP is dispensed due to inflexibility in quantity contents,

thereby reducing IMP spillage and saving costs associated with setting

up the sites' pharmacies. Additionally, one respondent indicated that

shipment from central pharmacies facilitates DtP supply for IMP with

stringent stability requirements. However, when IMPs are shipped

from a central location, the services provided by a nurse or pharmacist

(eg, answering participants' questions) were expected to be limited.

F IGURE 1 Direct-to-participant
models and means of investigational
medicinal product delivery based on the
interviews.

TABLE 2 Respondents' characteristics (n = 16).

Characteristic
Number of
interviewees (%)

Stakeholder group Industry sponsor 5 (31)

Site study staffa 3 (19)

Courier-service

providers

8 (50)

Years of experienceb 0-5 years 3 (19)

6-10 years 4 (25)

≥10 years 9 (56)

Experience with

DtP IMP supply in

Europec

Investigative site-to-

participant

13 (81)

Central pharmacy-to-

participant

7 (44)

Local pharmacy-to-

participant

2 (13)

Abbreviations: DtP, direct-to-participant; IMP, investigational medicinal

product.
aResearch staff, hospital pharmacists.
bExperience with clinical trial logistics based on information shared during

the interview or online curricula vitae.
cAs discussed during the interviews (unprompted).
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Not all models were considered suitable for all types of IMP, and

the IMP characteristics, such as safety profile (and phase of develop-

ment), stability, need for complex preparations and route of adminis-

tration, should all be taken into account when considering DtP IMP

supply solutions. Drugs with a marketing authorization are particularly

suitable, as indicated by one respondent:

With the upcoming legislation, the ECTR [regulation

EU 536/2014], if a medicine is investigated conform

to the SmPc [summary of product characteristics],

then it does not have to be labelled as an

investigational product. Thus, a participant could pick

up this medicinal product with a prescription at a

local pharmacy.

(Hospital pharmacist)

Advantages and disadvantages of the different delivery methods

Although shipment via postal mail was considered financially

attractive, this method does not allow for ascertaining the identity

of the recipient, which may be a problem for certain IMPs

(eg, strong painkillers). Another concern with postal mail involves

TABLE 3 Definitions of the different models and the potential advantages and disadvantages.

Model Definitiona (Potential) advantages and disadvantages Example

Investigative site-to-

participant

Model in which the IMP is shipped from the

investigative site or site's pharmacy to the

participant's home or other address.

• Few regulatory barriers

• Increased burden for site staff

Box 1, Box 3

Central pharmacy/

pharmacy depot-

to-participant

Model in which the IMP is shipped from a central

(or remote) pharmacy depot with distribution

facilities under the control of a pharmacist, and

not the investigative site's pharmacy. In a

multicenter clinical trial, one site's pharmacy

could act as a central pharmacy, shipping the IMP

to the trial participants. This can also include

cross-border shipments.

• Reduced costs and IMP spillage

• Enabling direct-to-participant delivery of IMP

with stringent stability requirements

• Increased distance between site study staff/

pharmacist and the participant

• Not accepted by regulators in all EU countries

Box 2

Local pharmacy-to-

participant

Model in which the IMP is picked up by the

participant or legal authorized representative at,

or shipped from, a local pharmacy. A local

pharmacy is a community or hospital pharmacy

that is not the investigative site's pharmacy.

• Enabling low-intervention trials with authorized

IMP

• Increased burden for local pharmacists (eg,

training)

Box 2, Box 4

Sponsor-to-

participant

Model in which the IMP is shipped from a private

company sponsor depot, or a contracted

manufacturing site, wholesaler depot or

distributor location without the involvement of a

pharmacist, to the participant.

• Respondents had no experience with this model

in Europe

Abbreviations: EU, European Union; IMP, investigative medicinal product.
aBased on interpretation of the respondents' comments.

Box 1 Investigative site-to-participant IMP supply

involving home nurses

A courier-service representative supported phase 2 and 3 tri-

als investigating monoclonal antibody infusions in oncology

patients. The trials were conducted in several European and

north American countries. IMP was shipped from the investi-

gative sites to the patient via couriers, and patients were

administered intravenous infusions at home by home nurses.

For a patient residing near the site, the home nurse was given

the possibility to collect the IMP before visiting the patient.

Box 2 Central and local pharmacy-to-participant

supply using postal mail

Respondents involved in a postauthorization safety trial dis-

cussed this trial of urate-lowering therapies in patients with

gout, which was conducted in the UK, Denmark and

Sweden. In this clinical trial, the IMP was authorized and

supplied directly by post from the central pharmacy to par-

ticipants in the UK and Denmark. In Sweden, participants

were supplied with the IMP from the central pharmacy via

local pharmacies. The relatively low costs of the DtP IMP

model enabled this clinical trial.15

de JONG ET AL. 5

 13652125, 0, D
ow

nloaded from
 https://bpspubs.onlinelibrary.w

iley.com
/doi/10.1111/bcp.15850 by C

ochrane N
etherlands, W

iley O
nline L

ibrary on [28/08/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



the lack of control over the IMP shipment, which may result in

participants having to report nonreceipt of the IMP. Courier-service

representatives indicated that they allow for flexible IMP deliveries

(eg, to workplaces), which may support participants to continue

their daily lives. However, the use of courier services may be more

expensive and organizationally complex, as mentioned by several

respondents.

Direct from participants

Unused products and biological samples can be shipped back direct

from participants for reconciliation purposes and analysis. The respon-

dents indicated that unused and empty IMP packages are typically

returned to site pharmacies for reconciliation and destruction pur-

poses. Processes similar to DtP can be implemented, such as postal

mail or courier collection, although a pharmacist involved in postal

mail deliveries indicated that participants may be less diligent regard-

ing the return of unused IMPs through postal mail, which may influ-

ence adherence monitoring.

3.2.2 | Drivers of direct-to-participant supply
implementation

Covid-19

Some respondents indicated that they had no experience with DtP IMP

supply before the Covid-19 pandemic. The interviewees explained that

the pandemic was an important motivation to explore DtP approaches,

as it could ensure clinical trial continuation. Moreover, courier-service

and industry representatives suggested that the Covid-19 pandemic

could provide an opportunity to change future clinical trial conduct.

However, one hospital pharmacist reported that, after the initial

Covid-19 outbreaks, IMP was no longer shipped directly to participants

but once again had to be collected at the investigative site.

Patient-centricity and engagement

Most respondents indicated that the implementation of DtP IMP sup-

ply, alongside other decentralized trial activities such as remote data

collection, contributes to making clinical trials more patient-centric by

reducing the need for on-site visits. Additionally, travel expenses are

reduced and the participation of those who live further from investi-

gative sites, have mobility challenges or experience distress during

visits is facilitated. Furthermore, respondents from all categories of

interviewees said that recruitment and retention of participants could

improve because interest to participate (eg, from participants living in

more remote areas) may increase when the need for on-site visits is

reduced through, amongst others, the implementation of DtP IMP

supply. This was considered to be of particular importance for clinical

trials with long follow-up and limited on-site procedures. It was sug-

gested that, although they may be more challenging to organize, trials

could employ an opt-in/opt-out approach in which participants can

choose between DtP IMP shipment or collection of the IMP at the

investigative site. Industry representatives, based on their interactions

with participants, mentioned that participants generally react posi-

tively to the implementation of DtP approaches, although personal

and cultural differences exist. The interviewees explained that it is

important to incorporate the patient voice when designing a trial:

Does it fit the patient's needs? Things cannot just be

like, Okay, let us just simply move this over to the

home. Other things are going to have to be looked at,

so we are looking at the patient's perspective and the

hurdles they might see: do they like it, do they not like

it? […] We are trying to learn from them as well.

What challenges do they see and where do roadblocks

come up?

(Pharmaceutical company representative)

3.2.3 | Impact of regulations

Unharmonized regulations

A lack of specific or harmonized regulations was reported to be a bar-

rier to the implementation of DtP IMP supply. Regulations concerning

Box 3 Investigative site-to-participant model

using a courier service

A representative from a large pharmaceutical company

discussed a phase 2 clinical trial designed to investigate

temperature-controlled tablets for psoriasis and which used a

site-to-participant model. This trial was conducted in France,

Germany, Poland, Spain and the UK. Each country had an

investigative site from which couriers collected the drug for

delivery to the participants' homes. However, the relatively

large IMP packaging and the need for temperature control

(ie, the IMP had to be stored in a refrigerator) impeded at-

home storage and required multiple IMP shipments.

Box 4 Local pharmacy-to-participant model

A hospital trial pharmacist discussed an investigator-initiated

clinical trial in which a “local model” was employed. In this

study, a registered injectable antibiotic was investigated for

an indication other than the authorized indication. Local

healthcare professionals were involved in the clinical trial

and trained in GCP. General practitioners were involved in

the recruitment of study participants and community phar-

macists were responsible for dispensing the IMP. According

to the respondent, the use of an authorized IMP enabled the

use of this DtP IMP supply model.
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the DtP IMP supply models, home health visits, and the import and

dispensing licences were reported to differ within Europe and glob-

ally. Although not experienced as a barrier in the EU/EEA, cross-

border shipping was considered by several respondents to be an

important barrier to DtP shipments more generally, as it typically

requires a lot of time. Due to an absence of regulation, the implemen-

tation of DtP IMP supply must be assessed on a case-by-case basis:

Based on our experience, we can provide information

to clients, but that does not necessarily mean […] that

they will allow the same for your study, because they

might think that for this specific project there is an

additional risk, meaning that they will not allow it. We

have no general answer about whether something is

allowed or not, because there might be differences

across the [clinical trial] protocols and depending on

the product.

(Courier-service representative)

Others explained, however, that a lack of regulation, or a lack of

clarity in existing regulation, could be regarded as a facilitator, as this

allows for the integration of DtP solutions on a case-by-case basis. To

allow for country-specific adjustments, one sponsor representative

suggested the use of “flexible protocols” regarding IMP provision

(ie, not detailing the specifics per country). However, others empha-

sized that specificity in the protocol or dispensing plan is needed to

obtain regulatory and ethics approval.

Additionally, the requirements for DtP supply models were not

considered consistent with conventional dispensing practices. For

example, one respondent indicated that IMP storage requirements are

not considered when participants collect their IMP on-site, whereas

additional requirements, such as temperature monitoring, are imposed

when courier services are used.

Privacy

Compliance with data privacy regulations was discussed frequently in

the interviews. It was indicated that the data privacy considerations

of the investigative site-to-participant model are not fundamentally

different from those of the conventional clinical trial conduct. Privacy

considerations, which are particularly evident for the sponsor- and

central pharmacy-to-participant models, are principally related to

shielding personal data from trial sponsors and contract manufactur-

ing/research organizations. The respondents indicated that no per-

sonal data should be accessible to the trial sponsor per the ICH E6

guideline and that personal data should be solely used for the delivery

of the IMP. To that end, couriers should have the minimal data needed

to deliver the IMP parcel and confirm the authorized recipient's iden-

tity. For example, the respondents indicated that the protocol num-

bers and the participants' full names and dates of birth should be left

off the parcel label. In addition, informed consent forms should con-

tain sufficient information regarding the DtP IMP supply processes.

Therefore, the success of the DtP model is dependent on the set-up

and design of appropriate privacy controls to ensure access to data is

granted per the needs of the trial. Courier-service representatives

indicated that it is appropriate to hand the IMP only to the participant

or authorized representative, reach out to the participants prior to the

delivery to agree on a specific delivery time window and to return the

IMP shipment to the sending party when the participant is not there

to receive the delivery.

Investigator oversight

It was reiterated by most respondents that, per ICH E6, the overall

responsibility for the IMP-dispensing process, IMP return, IMP-

adherence monitoring and participant safety rest with the investiga-

tor, who may delegate tasks to third parties (eg, courier services,

central or local pharmacies). Although the respondents indicated that

investigators are generally willing to participate in DtP solutions,

several respondents had experienced investigators who were hesi-

tant about delegating, or unwilling to delegate, tasks to third parties.

This hesitation may occur because the investigator is ultimately

responsible and may not be confident with the offered DtP solution

or vendor, or may want to use their own infrastructure. Engaging

site staff in the set-up and execution of the DtP processes and the

provision of an opt-in/opt-out possibility for the site may enable

DtP IMP supply by fostering investigator confidence in their

oversight.

4 | DISCUSSION

This study explored the experiences with DtP processes in the

context of a clinical trial in Europe. Investigative site-to-participant,

local and central pharmacy-to-participant supply models are employed

across Europe. The respondents suggested that the most important

drivers of the implementation of DtP IMP supply solutions were the

Covid-19 pandemic and the need to centre clinical trials around

participants. A lack of harmonized regulatory perspectives was

experienced as a barrier to implementation, but may allow for DtP

approaches on a case-by-case basis.

4.1 | Experience with the direct-to-participant
investigational medicinal product supply models

DtP supply has been used previously in a diverse set of clinical

trials,15–23 including trials to evaluate drugs for Alzheimer's disease16

and antithrombotic therapies in patients with Covid-1917 and to

investigate drug adherence.18 In line with the results of the current

study, DtP IMP solutions are reported to be advantageous in clinical

trials because of a “geographically dispersed rare population”, as well

as being more convenient for participants' daily lives,16 enabling

more pragmatic19,20 and decentralized21 trial approaches, limiting in-

person interactions and thus allowing participants to quarantine dur-

ing the Covid-19 pandemic,17 facilitating the inclusion of a large

number of physicians and patients,22 decreasing the workload of the

site study staff and minimizing potential interruptions in the
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treatment course.23 Although DtP IMP supply has been reported

throughout different phases of clinical development,24 not all types

of IMP may be suitable for DtP shipment, such as products with an

unknown safety profile, complex route of administration or strict

cold chain requirement. As an example, a systematic review investi-

gating decentralized methods in clinical trials found that DtP ship-

ment was mostly employed for authorized oral IMPs.25 Furthermore,

the infrastructure, such as courier services and central pharmacies,

that is available in the specific country of interest should allow for

DtP IMP supply.

We found that the investigative site-to-participant model is cur-

rently the most frequently employed model in Europe because there

are few regulatory barriers to its implementation. It is also seen to be

the closest model to the traditional pathway in a non-DCT setting,

which may also support investigator willingness and uptake. Further-

more, the investigator should remain responsible for IMP dispensing

and administration per ICH E6, although they may delegate these

tasks to contracted external services per the EMA GCP inspector

working group questions and answers (Q10 and Q11).4 This can, how-

ever, cause additional barriers as the investigator would be expected

to oversee trial-related activities delegated to individuals who are out-

side of the jurisdiction of the site, which may lead to unwillingness to

delegate tasks associated with IMP shipment.

The respondents indicated to have no experience with the

sponsor-to-participant model in the EU, owing to privacy issues

(ie, shielding personally identifiable data from commercial trial spon-

sors) and the need for pharmacy controls required in the dispensing

of the IMPs. While sponsor depots could involve pharmacists dis-

pensing the drugs, this model was not explicitly mentioned by the

respondents, and privacy and investigator oversight concerns may

remain with such a model. However, a set-up comparable to source

data verification, during which a monitor has access to personally

identifiable information,7 could be envisioned for IMP-dispensing by

sponsor pharmacists. Additionally, models could be employed in

which participants visit the investigative site for the initial dispensa-

tion, with resupplies then provided by a DtP IMP supply model.

Other options may also include the addition of a home health nurse

to the DtP service who is the responsible healthcare professional

and may receive the IMP, and administer and observe the patient as

needed per the requirements of the clinical trial protocol. Although

such an approach would cost more and may not be as efficient as

planned, it allows for generating more experience by trial sponsors

and investigators.

4.2 | Toward more explicit definitions of the
models

Based on the findings of the study, we conclude that the various DtP

IMP supply models are currently not well-defined. Furthermore, it is

not clearly defined which tasks may be delegated by the investigator

while maintaining oversight per ICH E6 requirements in the various

DtP models. The main changes in responsibilities when implementing

DtP models may include (i) the sponsor selecting the pharmacy and

process for distribution instead of the investigator using the site's

pharmacy, (ii) the courier obtaining a more patient facing role and

(iii) the patient obtaining a more substantial role in IMP accountabil-

ity. Thus, we advocate the use of more explicit definitions in guid-

ance documents and case study reports to share best practices, while

acknowledging a panoply of variants and combinations of models

and means of delivery. We distinguish four models of DtP IMP

supply: (i) investigative site-to-participant, (ii) central pharmacy-to-

participant, (iii) local pharmacy-to-participant and (iv) sponsor-to-

participant. Our results show that essential elements of the descrip-

tion of an IMP supply model include the location from which the IMP

is shipped and whether or not a pharmacist is involved in dispensing

the IMP, the method of shipment and data privacy implications

(ie, who has access to the personally identifiable data). When imple-

menting DtP IMP supply solutions, at least these elements should be

described in protocols or IMP-dispensing plans for regulatory and

ethics review.

4.3 | Regulations and direct-to-participant
investigational medicinal product supply

In Europe, different dispensing models may be implemented depen-

dent on the risk profile and stability of the IMP, provided it is in accor-

dance with national legislation,26 which is known to be lacking or

unharmonized.5,6 In turn, lacking or unclear legislation may lead to

careful selection of countries by the sponsor to ensure trial timelines

are not unnecessarily delayed by rejection of the DCT element. None-

theless, the impact of the Covid-19 pandemic on clinical trial conduct

has been a driver of DtP IMP supply approaches and influenced the

regulatory perspectives of DCT elements.10,27 The guidance provided

and experience gained during the pandemic can now become a start-

ing point for the development of durable guidance regarding DtP IMP

supply. Nonetheless, a hospital pharmacist mentioned a return to on-

site dispensing post-Covid-19, which may reflect a perceived limited

benefit or need for DtP shipment, particularly for trials that were ini-

tially set-up without DtP IMP supply and only moved to this model

out of necessity during the Covid-19 pandemic. Recently, a European

recommendation paper and national guidance documents on the

implementation of decentralized elements, including DtP IMP supply,

have been published (Supporting Information, Data S1).28–31 Common

themes in these guidelines include the responsibility of the investiga-

tor to dispense the IMP, the provision of sufficient information

(including privacy implications) to participants and the suitability of

IMPs, including the safety profile of the IMP and organizational

aspects (eg, temperature control, accountability processes, compliance

with GxP). Additionally, the European recommendation paper contains

an annex with national requirements regarding DtP IMP delivery to

trial participants.31 According to this national overview, most EU

countries allow for IMP delivery from the investigative site or phar-

macy associated with the investigative site. Several EU countries fur-

ther allow for IMP delivery from any delegated pharmacy or

8 de JONG ET AL.
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dispensing by a local pharmacy, and only a few countries allow for

delivery directly from the manufacturer or sponsor or are currently

developing their respective regulatory framework. The recommenda-

tion paper does, however, not extensively discuss the conditions

under which different means of delivery (eg, through postal mail or

courier service) could be considered. Regulatory considerations on

this aspect could be included in future recommendations.

Under the Clinical Trials Regulation (EU 536/2014), low-

intervention clinical trials which investigate authorized IMPs following

the terms of the marketing authorization are subject to less stringent

rules regarding the labelling and traceability of the IMP,3 potentially

facilitating the local pharmacy-to-participant model. Nevertheless, the

interviewees in this study cited the training of local pharmacists in

GCP as a challenge for the local pharmacy-to-participant model. The

Salford Lung Studies, which involved 130 community pharmacies and

over 2500 pharmacy staff being trained to dispense the study drug,

have shown that the training of local pharmacists is feasible.32 The

challenges encountered included the involvement of locums and

independent pharmacies, turnover in pharmacy staff and additional

standard operating procedures.32 Furthermore, the need for additional

GCP training of local pharmacists in the context of a clinical trial

investigating drugs with a marketing authorization is disputable, as

pharmacist training may suffice and be compliant with ICH E6, which

states that, “each individual involved in conducting a trial should be

qualified by education, training, and experience to perform his or her

respective task(s)”.7

4.4 | Strengths, limitations and suggestions for
future research

In this article, we explored case study examples of DtP IMP supply in

the context of clinical trials conducted in Europe. We were able to

interview a diverse set of respondents, including hospital pharmacists

and representatives of courier services and pharmaceutical companies

with experience in Europe and globally, thereby ensuring the applica-

bility of the results. Nonetheless, the number of site study staff

respondents, including investigators, was limited, which may have led

to a skewed representation of their views. This research has shown

that it is feasible to employ DtP IMP supply models in Europe, and the

findings of this study could be used when discussing these supply

models with regulatory bodies and ethics committees. The models

and associated definitions described here could furthermore be used

to identify best practices regarding DtP IMP supply.

This exploratory research primarily focused on the operational

feasibility and acceptability of different DtP IMP supply approaches,

whereas other perspectives should also be taken into account when

considering the implementation of such activities in clinical trials. For

example, the participant and ethical perspectives regarding the

intrusiveness of DtP IMP supply are essential and may differ across

patient populations and cultures. This study was further limited by the

lack of information in some of the case study examples, which was

potentially engendered by participants' hesitancy about sharing

detailed information, therefore case studies should be shared and

described in both scientific publications and grey literature to show

the circumstances under which DtP IMP supply is feasible and accept-

able. Furthermore, more empirical evidence is needed to support the

use of the different models. For example, studies could investigate

the impact of DtP IMP supply on IMP adherence and accountability.

Additionally, further studies should focus on patient and investigator

acceptability of these approaches.

5 | CONCLUSION

In Europe, investigative site-to-participant IMP supply can be

implemented, provided the IMP characteristics including the safety

profile allow for it, as there are few regulatory barriers to its use.

However, this model could engender an increased burden for site

study staff. Regulatory aspects that may influence the local and cen-

tral pharmacy-to-participant models include a lack of harmonized

regulations and acceptability, and the responsibility of investigators

to oversee IMP handling and accountability, which may influence

their willingness to delegate IMP-related tasks. The local pharmacy-

to-participant model was considered most suitable for investigating

IMPs with marketing authorizations, and this should be explored

for low-intervention clinical trials under the EU Clinical Trials

Regulation.
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