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Clinical trial designs

Randomised controlled 
clinical trials

Observational trials

Remote Decentralised
Clinical Trials

In-silico clinical trials

Song, J.W. & Chung, K.C. Plast. Reconstr. Surg, 126(6):2234-2242, 2010
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Questions you should answer early on

What is exactly the research question you would 
like to have answered?

Testable hypothesis (superiority, non-
inferiority, equivalence as compared to a 
comparator treatment)
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Questions you should answer early on

Target population

Accessible

population

Clinical

trial

samples

(multi-center,

multi-national?)

What is exactly the research question you would 
like to have answered?

Trial endpoints related to the state of 
health/disease progression (signs), quality of 
life, perception of symptoms, treatment 
adherence, treatment satisfaction 

Quantifiable parameters (lab values, scores, 
digital biomarkers)

Feasible assessment methods: Lab analysis of 
blood, urine, or tissue samples; 
sensors/wearables for collection of real-world 
data, patient-reported outcomes, validated 
questionnaires (paper-based, digital, 
conversational AI)



Interventional & non-interventional trials

ISO 14155 – Definitions



Interventional & non-interventional trials

ISO 14155 – Definitions

I.6.2 Interventional clinical investigation is a pre- or post-market clinical investigation 
where the assignment of a subject to a particular medical device is decided in advance by 
a Clinical Investigation Plan (CIP) or diagnostic or monitoring procedures requested in the 
CIP are in addition to those available as normal clinical practice and burden the subject. 
(RCT or additional burden)



Interventional & non-interventional trials

ISO 14155 – Definitions

I.6.3 Non-interventional clinical investigation post-market clinical investigation where the 
medical device is used in accordance with its approved labelling. The assignment of a 
subject to a particular medical device is not decided in advance by a CIP but falls within 
current clinical practice. The use of the medical device is clearly separated from the 
decision to include the subject in the clinical investigation. No additional invasive or 
burdensome diagnostic or monitoring procedures are applied to the subjects and 
epidemiological methods are used for the analysis of collected data.

In general non-interventional trials are observational.



Randomised Controlled Trials
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Randomised Controlled Trials

Screening

OGTT OGTT OGTT OGTT 

Over night 

fasting

Standard 

dinner

Over night 

fasting

Standard 

dinner

Over night 

fasting

Standard 

dinner

Over night 

fasting

Standard 

dinner

Visit I Visit II Visit III Visit IV Follow up

Washout

(7-14 days)

Washout

(7-14 days)

Washout

(7-14 days)

Washout

(7-14 days)

2 - 28

days

Interventional visits
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exclusion                

criteria

Screened: 56 people

Eligible: 20 people

Marquard, J. et al., Nat. Med. 21(4):363-373, 2015
Marquard, J. et al., Diabetes Obes. Metab. 18(1):100-103, 2016



Randomised Controlled Trials

Marquard, J. et al., Nat. Med. 21(4):363-373, 2015
Marquard, J. et al., Diabetes Obes. Metab. 18(1):100-103, 2016



Randomised Controlled Trials

Liu, X., et al., Nature Medicine 26(9):1351-1363, 2020

Cruz Rivera, S., et al., Nature Medicine 26(9):1364-1374, 2020

Topol, E., Nature Medicine 26(9):1318-1320, 2020

CONSORT-AI: Consolidated Standards of Reporting Trials – Artificial Intelligence

SPIRIT-AI: Standard Protocol Items: Recommendations for Interventional Trials  – Artificial Intelligence 



Randomised Controlled Trials

Nimri, R. et al., Nature Medicine 26(9):1380-1384, 2020

Physician advice

AI – DSS advice

Run-in period



Randomised Controlled Trials

Data validation Data validation

3. Create advice

AI – DSS advice

Physician advice

1. Upload devices data

4. Send advice

6. Send advice to patient

2. Pull patient data

per advice request

5. Send advice to

healthcare provider

Nimri, R. et al., Nature Medicine 26(9):1380-1384, 2020



Randomised Controlled Trials

The problem of confounding can be largely eliminated through randomisation

The process of randomization balances all known and unknown (!) confounders, thus 
creating groups with essentially identical baseline characteristics

That means: at the end of the trial any between-group differences can be largely 
attributed to the intervention under evaluation

In pivotal clinical research key design requirements for a RCT include

A sufficiently large sample size minimising the risk of random imbalances and 
optimizing the chances to detect clinically meaningful effects of the intervention

Intention-to-treat analysis: all randomized participants are included in the statistical 
analysis and analyzed according to the group they were originally assigned to,
regardless of what treatment (if any) they received

Almost complete follow-up of all randomly assigned participants

Gerstein, H.C. et al., Lancet 393(10168):210-211, 2019
Gokhale, M. et al., Diabetologia 63(9):1694-1705, 2020



Randomised Controlled Trials

Although considered gold standard RCTs may not always be possible

Adverse exposures

Rare outcomes

(Budget constraints)

Intervention already                                                                                                         
in wide use

Gerstein, H.C. et al., Lancet 393(10168):210-211, 2019
Gokhale, M. et al., Diabetologia 63(9):1694-1705, 2020

Observational trials

Healthcare (outcomes) research



Observational trials

Song, J.W. & Chung, K.C. Plast. Reconstr. Surg, 126(6):2234-2242, 2010

Collecting observations from 

A cross-sectional survey

Prospective surveys (e.g. collection of 
patient-reported outcome measures, 
digital  biomarkers, behavioural data 
via an app) 

Registries, electronic health records, 
insurance claims (retrospective)

A retrospective comparison of cases 
with and without a specific outcome 
with regard to the exposure to 
defined factors of influence 
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Song, J.W. & Chung, K.C. Plast. Reconstr. Surg, 126(6):2234-2242, 2010

Collecting observations from 

A cross-sectional survey
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Observational trials

Drivers for the implementation of observational trials

Demonstration of a positive healthcare effect in the full presence of real-world 
treatment effect modifiers which usually create a gap between the efficacy of an 
intervention seen in scientifically well controlled clinical trials and its effectiveness in 
the real-world (E2E gap).

Availability of easily collected huge amounts of data for common chronic diseases 
such as diabetes converges with an Increasing  availability of data analysis tools 
including those powered by AI

Retrospective observational trials can be implemented fast and cost-effectively, may 
require comparatively fewer subjects and allow for multiple risk factors to be     
assessed for one outcome 

Gerstein, H.C. et al., Lancet 393(10168):210-211, 2019
Song, J.W. & Chung, K.C. Plast. Reconstr. Surg, 126(6):2234-2242, 2010
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Remote Decentralised Clinical Trials

Schliess, F. Can Remote Decentralised Clinical Trials enhance clinical research? https://blog.profil.com/blog/can-randomised-decentralised-clinical-trials-enhance-clinical-research, 2021
Affini Dicenzo, T. & Schliess, F. Bridging the gap between clinical trials and clinical care. Are wearables fit for this purpose? https://www.openaccessgovernment.org/clinical-trials-and-clinical-care/85894/, 2020

Schliess, F. A vision on remote decentralised clinical trials. https://www.openaccessgovernment.org/a-vision-on-remote-decentralised-clinical-trials/88638/, 2020

RDCT, also referred to as virtual, 
web-based or hybrid clinical trials.

As many trial assessments as 
possible are carried out in the 
participant’s life settings, without 
the need of visiting a medical 
facility.

Medical-grade wearables applied 
to collect integrated information 
on digital endpoints based on a 
(multi) sensor-based acquisition of 
physiological and behavioural data

https://blog.profil.com/blog/can-randomised-decentralised-clinical-trials-enhance-clinical-research
https://www.openaccessgovernment.org/clinical-trials-and-clinical-care/85894/
https://www.openaccessgovernment.org/a-vision-on-remote-decentralised-clinical-trials/88638/


RDCT opportunities

Democratize the access to clinical trials by reaching 
population groups that would normally not have the 
possibility to enrol in a clinical study.

More diversity and greater relevance to the real-world.

Study apps can provide all relevant information regarding              
a clinical trial to people willing to enrol in a study.

After reading the subject information and consent form, 
patients can send their registration online or use the app to 
contact a member of the study team to clarify possible 
doubts.

Enables a massive recruitment of trial participants in a 
short time and at low costs. 

Schliess, F. Can Remote Decentralised Clinical Trials enhance clinical research? https://blog.profil.com/blog/can-randomised-decentralised-clinical-trials-enhance-clinical-research, 2021
Affini Dicenzo, T. & Schliess, F. Bridging the gap between clinical trials and clinical care. Are wearables fit for this purpose? https://www.openaccessgovernment.org/clinical-trials-and-clinical-care/85894/, 2020

Schliess, F. A vision on remote decentralised clinical trials. https://www.openaccessgovernment.org/a-vision-on-remote-decentralised-clinical-trials/88638/, 2020

https://blog.profil.com/blog/can-randomised-decentralised-clinical-trials-enhance-clinical-research
https://www.openaccessgovernment.org/clinical-trials-and-clinical-care/85894/
https://www.openaccessgovernment.org/a-vision-on-remote-decentralised-clinical-trials/88638/


Screening, eligibility, and consent

Interested individuals download and open 
the Apple Heart Study App

Self-verification of eligibility

Electronic presentation of the Informed
Consent Form to potential trial participants

Digital signature on the iPhone touchscreen

Provision of a 24-hour study hotline

Participants asked to answer a demographic 
and medical history questionnaire before 
monitoring begins

Perez, M.V. et al., N. Engl. J. Med. 381:1909-1917, 2019

Turakhia, M.P. et al., Am. Heart J. 207:66-75, 2019

Download from the App Onboarding and Enrollment

Example: Apple Heart Study

RDCT examples

to assess the suitability of a smartwatch program using an 
algorithm for photoplethysmography-based detection of atrial 

fibrillation and to estimate the diagnostic yield in a large 
population in the US under everyday conditions.



RDCT examples

Perez, M.V. et al., N. Engl. J. Med. 381:1909-1917, 2019

Turakhia, M.P. et al., Am. Heart J. 207:66-75, 2019

Example: Apple Heart Study

Study launch with media

promotion (Apple press

release, App store feature) 

Waiting room eliminated: 

All individuals that had

been in the waiting room

were invited to the study. 

Enrolment metering

ceased.

Single recruitment

email sent. 



Setup as a multi-centre and multi-national
randomised controlled clinical trial

Landmark real-world clinical trial that integrated 
RDCT design elements to the field of diabetes

During the intervention period of 12 weeks 58 
participants (adults, children) performed their 
usual everyday activities under free-living 
conditions, even without continuous remote 
monitoring or supervision. 

Participants were completely free to choose 
their meals

Access to a 24/7 helpline.

Example: AP@home study

RDCT examples

Safety and effective for patients with T1D to administer 
their insulin at home using an automated insulin delivery 

(AID) system, also named artificial pancreas (AP). 

Heinemann, L. et al., J. Diabetes Sci. Technol. 16:100-103, 2016
Thabit, H. et al., N. Engl. J. Med. 273(22):2129-2140  

Heinemann, L. et al., J. Diabetes Sci. Technol. 10:950-958, 2011



Example: TELESAGE Study

RDCT examples

Has shown safety and effectiveness of DIABEO® 
digital health application to support insulin dosing

Jeandidier, N. et al., JMIR Res. Protoc. 7(4):e66, 2018

Joubert, M. et al., J. Diabetes Sci. Technol. 13(6):1161-1168, 2019

Franc, S. et al., Diabetes Technol. Ther. 22(12):904-911, 2020 

12 month multi-center, double-randomized, 
open-label, three parallel–arms clinical trial, with 
665 patients allocated to 95 test centers in France



RDCT requirements

Clin. Pharmacol. Ther. 104(1):42-52, 2018  



RDCT requirements

Affini-Dicenco, T. & Schliess, F.                                                                                                          
Bridging the gap between clinical trials and clinical care: are wearables fit for this purpose?                                                                                                                            
https://www.openaccessgovernment.org/clinical-trials-and-clinical-care/85894/, 2020

Consumer-grade wearables in clinical trials may 
be useful for the assessment of secondary 
endpoints in the context of generating 
hypotheses

Compliance of data collection and processing 
with the requirements for pivotal clinical trials 
set by EMA and FDA?*

The use of medical-grade wearables validated to 
be fit-for-purpose in the specific context-of-use
should be considered  

*ICH,  International Conference on Harmonisation;  GCP, good clinical practice; GDPR, 
General Data Protection Regulation; CDISC, Clinical Data Interchange Standards Consortium; 
21 CFR Part 11, part of Title 21 of the Code of Federal Regulations that establishes the US 
Food and Drug Administration (FDA) regulations on electronic records 
and electronic signatures (ERES); ISO 27001, specifies a management 
system that is intended to bring information security under 
management control. 

https://www.openaccessgovernment.org/a-vision-on-remote-decentralised-clinical-trials/88638/


Real-World Cardio-Respiratory

Health Monitoring for Clinical 

Contract Research & Tele-

Cardiology

https://eit-health.de/en/realworld4clinic/

RealWorld4Clinic Kickoff ∙ 10-11 February 2020 ∙ Grenoble, France

RealWorld4Clinic will accelerate market launch of MyHeartSentinel
– a coin-sized medical device anchored to the fundus of the 

stomach. There it acquires real-life cardio-respiratory health data for 
exploitation in drug development and tele-cardiology

RealWorld4Clinic

https://eit-health.de/en/realworld4clinic/


Real-World Cardio-Respiratory

Health Monitoring for Clinical 

Contract Research & Tele-

Cardiology

The device will be enriched by patforms for patient communication
and personal data lifecycle management.

EIT Health-funded project phase

CE mark application, creating the conditions for scalability from 
drug development to outpatient cardiology

RealWorld4Clinic

https://eit-health.de/en/realworld4clinic/

https://eit-health.de/en/realworld4clinic/


Trials@home IMI consortium

https://trialsathome.com/

https://trialsathome.com/


RDCT limitations

A “site-less” workflow may carry risks regarding the quality of trial outcomes. 

Lack of physical contact of trial participants with the study site may affect engagement, 
adherence to the trial protocol, completeness of follow-up and reliance on participant 
reported outcomes. 

Considerable loss of follow-up may account to uncertain validity and generalizability 
inherent to the RDCT design. 

There may be a bias due to the preferred inclusion of technology-oriented trial 
participants and those who have certain communication technologies already 
available. In case of an observational study the RDCT design could even reinforce this 
bias by adding further (un)known confounders. 

Overall, there is a risk of RDCTs to unconsciously produce biased results that cannot be 
fully transferred to patient population targeted by a drug or medical device developer. 
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In-silico clinical trials using digital twins

Digital twins: multi-scale in-silico
representation of a patient/trial participant.

Ideally reflect the person’s metabolism, 
physiology, behaviour and morbidity over 
time with high levels of granularity.

Digital twins can enable 

In-silico clinical trials in drug and medical 
device development 

Highly personalised treatment of patients

Schliess, F. https://www.openaccessgovernment.org/digital-twins/93402/, 2020

https://www.openaccessgovernment.org/digital-twins/93402/


In-silico clinical trials using digital twins

A. Individual patient with a local sign of disease

B. Construction of an unlimited number of copies of a digital twin

C. Each twin computationally treated with thousands of drugs

D. Drug most effective in-silico selected for treatment of the patient

Testing “thousands” of drugs per twin.

Statistical population model to generate 
cohorts of digital twins for testing pre-
selected drugs.

Predicting risk-benefit profiles of individuals 
& sub-groups, informing treatment and 
clinical trial design.

Björnsson, B. et al., Genome Med. 12(1):4, 2019



UVA/Padova diabetes simulator

In 2008 accepted by the FDA as a substitute to 
animal trials in the preclinical testing of closed-
loop control (Automated Insulin Delivery, artificial 
pancreas) algorithms in T1D.1,2

Can be used to reliably assess novel insulin 
treatments and AI-powered decision support for 
the adjustment of insulin pump therapy.3-5

Padova T2D simulator for testing anti-diabetic 
drugs. Simulates plasma glucose, insulin and C-
peptide during a meal.6

1. Kovatchev, B.P. et al, J. Diabetes Sci. Technol. 3(1):44-55, 2009 
2. Dalla Man, C. et al., J. Diabetes Sci. Technol. 8(1):26-34, 2014
3. Vettoretti, M. et al., IEEE Trans Biomed Eng. 65(6):1281-1290, 2018

•.

4. Tyler, N.S. et al., Nat. Met. 2(7): 612-619, 2020
5. Noaro, G. et al., J. Diabetes Sci. Technol. doi: 10.1177/19322968211043162, 2021
6. Visentin, R. et al, Diabetes Technol. Ther. 22(12):892-903, 2020



In-silico clinical trials: Where we are today

Schliess, F. https://www.openaccessgovernment.org/digital-twins/93402/, 2020
Schliess, F. https://www.openaccessgovernment.org/artificial-intelligence-in-healthcare/80068/, 2020
Bruynseels, K. et al., Front Genet. 9:31, 2018
Kaur, H. et al. Indian J. Pharmacol. 53(2): 160-169, 2021

A comprehensive molecular and behavioural profiling required for the construction of 
digital twins is not yet standard in clinical research and clinical care. 

High potential of digital twin/in-silico trials generally well recognized.

Ethical, legal and social issues related to a personalised definition of health and disease 
and the fluent transition between therapy, prevention and human enhancement may 
require a thorough societal debate. 

Aspects of digital twins/data ownership and incentives for citizens to donate his/her 
digital twins for societally relevant research to be addressed.

Registries dedicated to the registration and reporting of digital twin/in-silico trials missing.

https://www.openaccessgovernment.org/digital-twins/93402/
https://www.openaccessgovernment.org/artificial-intelligence-in-healthcare/80068/


In-silico clinical trials: Where we are today

Expected timeline for the adoption of AI-enhanced digital technologies at scale

https://www2.deloitte.com/content/dam/insights/us/articles/22934_intelligent-clinical-
trials/DI_Intelligent-clinical-trials.pdf

https://www2.deloitte.com/content/dam/insights/us/articles/22934_intelligent-clinical-trials/DI_Intelligent-clinical-trials.pdf


Generation of evidence

Design approaches to trialing Digital Health Technologies                                                                    

Evidence frameworks for Digital Health Technologies                                                                          

Setting up your clinical trial program and selecting the right partners 

Q&A                                                                                                                          



European Medical Device Regulation 

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R0745&from=EN

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R0745&from=EN


European Medical Device Regulation 

Main objective: To enhance the safety and quality of 
medical devices available in the European single 
market

To offer a high level of protection to patients, users 
and other persons

No particular trial designs are required by default. 

Applies the principle of proportionality, i.e. a risk-
based approach when it refers to three general 
stages of clinical development

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R0745&from=EN

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R0745&from=EN


European Medical Device Regulation 

Requirements for the execution of a clinical 
investigation include that 

“measures should be taken to minimize bias, such 
as randomisation, and management of confounding 
factors”.

Clinical investigatios to be performed in “a clinical 
environment that is representative of the intended 
normal conditions of use of the device in the target 
patient population”.

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R0745&from=EN

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R0745&from=EN


European Medical Device Regulation 

Challenge: Many DHTs were upgraded to a higher class 
of device

Need of a certification from a Notified Body and 
performance of clinical investigations that, in many 
cases, were not required before. 

Higher costs, longer time to market. 

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R0745&from=EN

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R0745&from=EN


Key responsibles: Sponsor & investigator 

MDR 2017/745 Chapter I (Scope and definitions), Article 2 (Definitions)

49 Sponsor: any individual, company, institution or organisation which 
takes responsibility for the initiation, for the management and setting up 
of the financing of the clinical investigation.

54 Investigator: individual responsible for the conduct of a clinical 
investigation at a clinical investigation site.



Key responsibles: Investigator-initiated trials 

Investigator-initiated trials (IIT)

IITs are different from industry-sponsored trials by mainly addressing 
knowledge driven scientific questions.

Sponsor: Investigator or the body who enters into an agreement with a 
pharmaceutical or medical device company, takes responsibility for all 
scientific, regulatory, and operational issues.

Suvarna, V., Perspect. Clin. Res. 3(4):119-121, 2012



Investigator-initiated trials (IIT)

A company may support IITs by providing drugs/devices, active comparators, 
funding, and/or specific scientific services. 

There should be no association between IIT support and a potential ambition 
to promote the prescription of the medical product under investigation.

Suvarna, V., Perspect. Clin. Res. 3(4):119-121, 2012

Key responsibles: Investigator-initiated trials 



Clinical evidence

MDR 2017/745 Chapter I (Scope and definitions), Article 2 (Definitions)

51 Clinical evidence means clinical data and clinical evaluation results pertaining to a 
device of a sufficient amount and quality to allow a qualified assessment of whether the 
device is safe and achieves the intended clinical benefit(s), … 



Clinical evidence

MDR 2017/745 Chapter I (Scope and definitions), Article 2 (Definitions)

51 Clinical evidence means clinical data and clinical evaluation results pertaining to a 
device of a sufficient amount and quality to allow a qualified assessment of whether the 
device is safe and achieves the intended clinical benefit(s), … 

MDR 2017/745 Chapter VI (Clinical evaluation and clinical investigation),                                                  
Article 61 (Clinical evaluation)

Confirmation of conformity with relevant general safety and performance requirements … 
… shall be based on clinical data providing sufficient clinical evidence, including where 
applicable relevant data as referred to in Annex III. 

The manufacturer shall specify and justify the level of clinical evidence necessary to 
demonstrate conformity … . That level of clinical evidence shall be appropriate in view of 
the characteristics of the device and its intended purpose. 



Clinical investigation & clinical evaluation

Clinical evaluation

Clinical 

investigation

Post-market

surveillance
PMCF



Clinical investigation

DIN ISO 14155: 2021-05 „Clinical investigation of medical devices for human subjects — Good clinical practice”
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DIN ISO 14155: 2021-05 „Clinical investigation of medical devices for human subjects — Good clinical practice”



Clinical investigation

DIN ISO 14155: 2021-05 „Clinical investigation of medical devices for human subjects — Good clinical practice”

°

Art. 82

Art. 62 Art. 74

Clinical investigations to 
demonstrate conformity 

of devices (pre CE)

Clinical investigations 
regarding devices bearing the 

CE marking (PMCF)



Clinical investigation

DIN ISO 14155: 2021-05 „Clinical investigation of medical devices for human subjects — Good clinical practice”

°

Art. 82

Art. 62 Art. 74

Clinical investigations to 
demonstrate conformity 

of devices (pre CE)

Clinical investigations 
regarding devices bearing the 

CE marking (PMCF)

Requirements 
regarding other clinical 

investigations (IITs)



Clinical investigation YES or NO?

NO

https://climedo.de/medtech-inhalte/
MDR Annex XV / ISO 141555-2020

Marketed

reference product

?

Clinical 

evaluation

plan

Clinical evaluation

Clinical investigation
(pivotal trial)

Market research

taking into consideration

technical and biological

equivalence

YES

MDR Annex XIV, Part Ac

MDCG 2020-06

MDR Annex XIV, Part A3

MDCG 2020-05

NO

NO

*Implantables and class III: in most

cases a pivotal trial is required despite

sufficient evidence from a reference

product of another manufacturer

aPost-market surveillance plan
bPost-market surveillance for manufacturers
cClinical evaluation

YES

Surveillance after marketing

Vigillance

PMS, PMCF plan

Possible PMS/PMCF activities

 Literature evaluation

 Observational trials

 Registries

 User interviews

 Evaluation device data

 Adverse events

 Trend news

 Vigilance data

MDR Article 74 / Article 84a

MDCG 2020-07

ISO/TR 20416:2020b

?

Sufficient

clinical evidence

?*
MDR Annex XIV, Part Ac

YES

https://climedo.de/medtech-inhalte/


DiGA-Fast-Track: Clinical trial

https://www.bfarm.de/SharedDocs/Downloads/DE/Service/Beratungsverfahren/DiGA-Leitfaden.pdf?__blob=publicationFile&v=11
https://www.bfarm.de/SharedDocs/Downloads/EN/MedicalDevices/DiGA_Guide.pdf?__blob=publicationFile&v=2

https://www.bfarm.de/SharedDocs/Downloads/DE/Service/Beratungsverfahren/DiGA-Leitfaden.pdf?__blob=publicationFile&v=11
https://www.bfarm.de/SharedDocs/Downloads/EN/MedicalDevices/DiGA_Guide.pdf?__blob=publicationFile&v=2


DiGA-Fast-Track: Clinical trial

https://www.bfarm.de/SharedDocs/Downloads/DE/Service/Beratungsverfahren/DiGA-Leitfaden.pdf?__blob=publicationFile&v=11
https://www.bfarm.de/SharedDocs/Downloads/EN/MedicalDevices/DiGA_Guide.pdf?__blob=publicationFile&v=2

https://www.bfarm.de/SharedDocs/Downloads/DE/Service/Beratungsverfahren/DiGA-Leitfaden.pdf?__blob=publicationFile&v=11
https://www.bfarm.de/SharedDocs/Downloads/EN/MedicalDevices/DiGA_Guide.pdf?__blob=publicationFile&v=2


Provisional listing in the DiGA directory

https://www.bfarm.de/SharedDocs/Downloads/EN/MedicalDevices/DiGA_Guide.pdf?__blob=publicationFile&v=2

Clinical Trial in Germany

https://www.bfarm.de/SharedDocs/Downloads/EN/MedicalDevices/DiGA_Guide.pdf?__blob=publicationFile&v=2


Demonstrate a positive healthcare effect

https://www.bfarm.de/SharedDocs/Downloads/EN/MedicalDevices/DiGA_Guide.pdf?__blob=publicationFile&v=2 (Glossary)

https://www.bfarm.de/SharedDocs/Downloads/EN/MedicalDevices/DiGA_Guide.pdf?__blob=publicationFile&v=2


https://www.bfarm.de/SharedDocs/Downloads/EN/MedicalDevices/DiGA_Guide.pdf?__blob=publicationFile&v=2 (Glossary)

Demonstrate a positive healthcare effect

https://www.bfarm.de/SharedDocs/Downloads/EN/MedicalDevices/DiGA_Guide.pdf?__blob=publicationFile&v=2


https://www.bfarm.de/SharedDocs/Downloads/EN/MedicalDevices/DiGA_Guide.pdf?__blob=publicationFile&v=2 (Glossary)

Demonstrate a positive healthcare effect

https://www.bfarm.de/SharedDocs/Downloads/EN/MedicalDevices/DiGA_Guide.pdf?__blob=publicationFile&v=2


DiGA applications and listings 

Lauer, W. et al., Bundesgesundheitsblatt 64:1232-1240, 2021 
https://link.springer.com/content/pdf/10.1007/s00103-021-03409-7.pdf

89 applications (64 for provisional, 25 for 
permanent listing, as at 18.08.2021).

Of the 89 applications 

Four were rejected 

42 applications were withdrawn by the 
manufactures, 15 of which were lately modified 
and resubmitted. 

Withdrawal reasons included data analysis 
problems, not enough evidence or unsuitable 
endpoints. 

As at 18.08.2021

https://link.springer.com/content/pdf/10.1007/s00103-021-03409-7.pdf


DiGA applications and listings 

Lauer, W. et al., Bundesgesundheitsblatt 64:1232-1240, 2021 
https://link.springer.com/content/pdf/10.1007/s00103-021-03409-7.pdf

As at 18.08.2021

22 DiGAs listed in the DiGA directory (8.10.2021)

Five DiGAs listed permanently.

Four of them distributed by the one and the 
same company with a longstanding track record 
in digital therapy

17  provisionally listed DiGAs

10 out of the 22 DiGAs follow a behavioural
therapy approach complementing existing 
treatments rather than substituting them.

Only one provisionally listed DiGA dedicated to 
the management of diabetes.

https://link.springer.com/content/pdf/10.1007/s00103-021-03409-7.pdf


Type of evidence submitted

Lauer, W. et al., Bundesgesundheitsblatt 64:1232-1240, 2021 
https://link.springer.com/content/pdf/10.1007/s00103-021-03409-7.pdf

As at 18.08.2021

https://link.springer.com/content/pdf/10.1007/s00103-021-03409-7.pdf


NICE evidence standards for DHTs

Evidence Standards Framework for Digital Health Technologies (March 2019) © NICE 2019. 
https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-
standards-framework/digital-evidence-standards-framework.pdf

https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-standards-framework/digital-evidence-standards-framework.pdf


NICE evidence standards for DHTs

Evidence Standards Framework for Digital Health Technologies (March 2019) © NICE 2019. 
https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-
standards-framework/digital-evidence-standards-framework.pdf

Functional classification & evidence tiers

https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-standards-framework/digital-evidence-standards-framework.pdf


Evidence Standards Framework for Digital Health Technologies (March 2019) © NICE 2019. 
https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-
standards-framework/digital-evidence-standards-framework.pdf

Tier 3b evidence for effectiveness standards

https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-standards-framework/digital-evidence-standards-framework.pdf


Tier 3b evidence for effectiveness standards

Evidence Standards Framework for Digital Health Technologies (March 2019) © NICE 2019. 
https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-
standards-framework/digital-evidence-standards-framework.pdf

https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-standards-framework/digital-evidence-standards-framework.pdf


Tier 3a evidence for effectiveness standards

Evidence Standards Framework for Digital Health Technologies (March 2019) © NICE 2019. 
https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-
standards-framework/digital-evidence-standards-framework.pdf

https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-standards-framework/digital-evidence-standards-framework.pdf


Tier 3a evidence for effectiveness standards

Evidence Standards Framework for Digital Health Technologies (March 2019) © NICE 2019. 
https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-
standards-framework/digital-evidence-standards-framework.pdf

https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-standards-framework/digital-evidence-standards-framework.pdf


Tier 2 evidence for effectiveness standards

Evidence Standards Framework for Digital Health Technologies (March 2019) © NICE 2019. 
https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-
standards-framework/digital-evidence-standards-framework.pdf

https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-standards-framework/digital-evidence-standards-framework.pdf


Tier 2 evidence for effectiveness standards

Evidence Standards Framework for Digital Health Technologies (March 2019) © NICE 2019. 
https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-
standards-framework/digital-evidence-standards-framework.pdf

https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-standards-framework/digital-evidence-standards-framework.pdf


Tier 1 evidence for effectiveness standards

Evidence Standards Framework for Digital Health Technologies (March 2019) © NICE 2019. 
https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-
standards-framework/digital-evidence-standards-framework.pdf

https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-standards-framework/digital-evidence-standards-framework.pdf


Tier 1 evidence for effectiveness standards

Evidence Standards Framework for Digital Health Technologies (March 2019) © NICE 2019. 
https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-
standards-framework/digital-evidence-standards-framework.pdf

https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-standards-framework/digital-evidence-standards-framework.pdf


Tier 1 evidence for effectiveness standards

Evidence Standards Framework for Digital Health Technologies (March 2019) © NICE 2019. 
https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-
standards-framework/digital-evidence-standards-framework.pdf

https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-standards-framework/digital-evidence-standards-framework.pdf


Questions to identify higher risk DHTs

Evidence Standards Framework for Digital Health Technologies (March 2019) © NICE 2019. 
https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-
standards-framework/digital-evidence-standards-framework.pdf

https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-standards-framework/digital-evidence-standards-framework.pdf


Evidence for economic impact standards

Evidence Standards Framework for Digital Health Technologies (March 2019) © NICE 2019. 
https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-
standards-framework/digital-evidence-standards-framework.pdf

Budget impact

Analysis of the financial change in the use of resources 

(cost or saving) as a result of implementing a technology. 

Cost consequence

Compares the costs (such as treatment and hospital care) 

and the consequences (such as health outcomes) of a test 

or treatment with a suitable alternative. 

Cost utility

Benefits are assessed in terms of both quality and duration 

of life, and expressed as quality-adjusted life years. 

(QALYs). 

https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-standards-framework/digital-evidence-standards-framework.pdf


NHSX DITAC

https://www.nhsx.nhs.uk/key-tools-and-info/digital-technology-assessment-criteria-dtac/

DITAC, Digital Technology 
Assessment Criteria

New national baseline criteria for 
DHTs entering into the NHS and 
social care. 

To be used by healthcare 
organisations to assess suppliers 
at the point of procurement or as 
part of a due diligence process

https://www.nhsx.nhs.uk/key-tools-and-info/digital-technology-assessment-criteria-dtac/


mobile health Belgium

eHealth Platform
Federal governmental institution
Proving devices meet all criteria 
regarding data authentication, 
security and interoperability.

National Institute for Health and 
Disability

apps that have proved a social-
economic benefit. 
Eligible for reimbursement 

Federal Agency for Medicine and 
Health Products

MDR and GDPR compliance.

Platform for mobile apps that are CE-marked as a medical device, consisting of a validation 
pyramid with three levels. 

Centralises all relevant and required information on mobile apps for patients, healthcare 
professionals and healthcare institutions.

https://mhealthbelgium.be/validation-pyramid

https://mhealthbelgium.be/validation-pyramid


Under-representation of diabetes and cardiometabolic disease in the German DiGA directory. 

Might be a consequence of the limitation of medical devices classes that can qualify as DiGAs. 

In both NICE and mHealth Belgium DHTs have to show medical benefit and an added economic 
benefit to be reimbursed, while DiGAs provisionally listed in the German DiGA directory prior to 
proving a positive healthcare effect can set up their own price.

Scepticism from doctors and health insurance companies (GKV)* about DiGA prescription.

Future option: Manufacturers and care providers could conclude performance-based managed 
entry agreements (MEAs),** aligning the amount of reimbursement dynamically with the 
outcomes measured in settings of value-based healthcare.

Would allow a supervised earlier implementation of DHTs in healthcare while some 
insecurities regarding their impact on care effectiveness and cost-efficiency still stand.

A few comparative remarks

** https://www.gkv-spitzenverband.de/media/dokumente/service_1/publikationen/Positionspapier_DiGA_2021-01-07_barrierefrei.pdf
** https://www.oecd-ilibrary.org/social-issues-migration-health/performance-based-managed-entry-agreements-for-new-medicines-in-oecd-
countries-and-eu-member-states_6e5e4c0f-en;jsessionid=FHoInAPsIa6L4P4KZXsd9MaT.ip-10-240-5-183

https://www.gkv-spitzenverband.de/media/dokumente/service_1/publikationen/Positionspapier_DiGA_2021-01-07_barrierefrei.pdf
https://www.oecd-ilibrary.org/social-issues-migration-health/performance-based-managed-entry-agreements-for-new-medicines-in-oecd-countries-and-eu-member-states_6e5e4c0f-en;jsessionid=FHoInAPsIa6L4P4KZXsd9MaT.ip-10-240-5-183


FDA’s risk-based approach to DHTs

Mathews, S.D. et al., NPJ Digit. Med. 2:103, 2019
Fleming, A.G. et al., Diabetologia 63:229-341, 2020
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FDA’s risk-based approach to DHTs

Mathews, S.D. et al., NPJ Digit. Med. 2:103, 2019
Fleming, A.G. et al., Diabetologia 63:229-341, 2020



FDA’s Pre-Cert pilot program 

Digital Health Software Pre-certification Program 

Four components

Excellence appraisal: Pre-certification of companies applying five excellence principles

https://www.fda.gov/medical-devices/digital-health-center-excellence/digital-health-software-precertification-
pre-cert-program#program

Demonstration of a Culture of Quality 
and Organizational Excellence (CQOE) 
and a commitment to monitoring 
product performance. 

https://www.youtube.com/watch?v=DhVJJ9Ya5Ns&t=351s

https://www.fda.gov/medical-devices/digital-health-center-excellence/digital-health-software-precertification-pre-cert-program#program
https://www.youtube.com/watch?v=DhVJJ9Ya5Ns&t=351s


FDA’s Pre-Cert pilot program 

Digital Health Software Pre-certification Program 

Four components

Excellence appraisal: Pre-certification of companies applying five excellence principles

Review pathway determination

Streamlined premarket review process, if required

Continuous real-world performance monitoring 

Objective: Implementation of an agile regulatory paradigm to accommodate the faster rate 
of development and potential for innovation in software-based products. 

https://www.fda.gov/medical-devices/digital-health-center-excellence/digital-health-software-precertification-
pre-cert-program#program

https://www.fda.gov/medical-devices/digital-health-center-excellence/digital-health-software-precertification-pre-cert-program#program


FDA’s Pre-Cert pilot program 

Organization-Level

Analysis

Product-Level

Analysis

Total product lifecycle approach to the regulation of software products

https://www.fda.gov/medical-devices/digital-health-center-excellence/digital-health-software-precertification-
pre-cert-program#program

Verify SaMD‘s

continued safety,

effectiveness, and

performance

Verify organization‘s

commitment to culture of 

quality and organizational

excellence

Demonstrate a 

Culture of Quality 

& Organizational

Excellence 

(CQOE)

Define product

claims

Product reviewed to

determine reasonable

assurance of safety

and effectiveness

https://www.fda.gov/medical-devices/digital-health-center-excellence/digital-health-software-precertification-pre-cert-program#program


Building on existing evidence



Building on existing evidence

Thorough search of peer-reviewed literature and other resources for studies that as closely as 
possible address the medical need targeted by your solution

Disease indication

Patient-subgroup

Healthcare environment

Cost-drivers, healtheconomic framework

Affected stakeholders  



Building on existing evidence

May, S. et al., BMJ Health Serv. Res. 21(1):925, 2021
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May, S. et al., BMJ Health Serv. Res. 21(1):925, 2021

Building on existing evidence



Building on existing evidence

https://docsinclouds.com/telecare/
• Nursing homes
• Palliative care
• Hausärztliche Versorgung

Ohligs, M. et al., Clin. Interv. Aging 15:1427-1437, 2021

https://docsinclouds.com/telecare/


Building on existing evidence

https://docsinclouds.com/telecare/
• Nursing homes
• Palliative care
• Hausärztliche Versorgung

Ohligs, M. et al., Clin. Interv. Aging 15:1427-1437, 2021

List of Major Requirements Defined by the Interdisciplinary Team of Involved Nurses, a 

General Practitioner (GP), and Several Elderly Patients. Prioritized by Must, Should or May

https://docsinclouds.com/telecare/


Building on existing evidence

Ohligs, M. et al., Clin. Interv. Aging 15:1427-1437, 2021

Benefits of Teleconsultations for Patient, Nurse, 

Nursing Management and General Practitioner



Building on existing evidence

https://www.heartbeathealth.com/



Building on existing evidence

Friedman, D.M. et al., JMIR Cardio 5(1):e29101, 2021



Building on existing evidence

Benefits of virtual cardiology in the skilled nursing facility (SNF) setting

Friedman, D.M. et al., JMIR Cardio 5(1):e29101, 2021
Gorodeski, E.Z. et al., J. Cardiac. Fail 26(6):448-456, 2020 
Virtual Visits for Care of Patients with Heart Failure in the Era of COVID-19: 
A Statement from the Heart Failure Society of America (pdf)

https://europepmc.org/backend/ptpmcrender.fcgi?accid=PMC7166039&blobtype=pdf


Your clinical trial

Design approaches to trialing Digital Health Technologies                                                                    

Evidence frameworks for Digital Health Technologies                                                                          

Setting up your clinical trial program and selecting the right partners 

Q&A                                                                                                                          



Cost drivers in clinical trials

https://www2.deloitte.com/content/dam/insights/us/articles/22934_intelligent-clinical-
trials/DI_Intelligent-clinical-trials.pdf

https://www2.deloitte.com/content/dam/insights/us/articles/22934_intelligent-clinical-trials/DI_Intelligent-clinical-trials.pdf


Think in terms of your very own clinical development program (and not only in the category 
of a single study). 

Make a careful choice of the patient group and the healthcare environment you want to 
initially target.

You may want to start with a small  (mono-centric) PoC study – assessing basic functionalities 
such as the accuracy of an algorithm, safety & tolerability, etc., in a protected environment 
such as a hospital or a clinical research unit.

data could inform sample size calculation for a subsequent larger trial.

Continue with a larger (comparative) trial investigating your device with real patients and, if 
possible, under conditions of real-world healthcare provision.

Your clinical trial planning 



Make a decision regarding your benchmark / control group.

Use a placebo/mock device/app almost indistinguishable from the solution under 
investigation. Think about preceding a run-in phase.

No treatment or treatment according to current standards.

Placebo/mock device on top of no treatment or current standard treatment. 

Use clinical endpoints and conditions of comparison which that are accepted by the 
relevant experts and expert associations.

Address user experience (patients, healthcare professionals) and include indication-
specific PROMs* in order to approach value-based healthcare remuneration schemes. 

Clinical trial results should be quickly published in peer-reviewed journals and presentated
by the PIs/clinical experts (!) at national and international diabetes congresses.

*International Consortium for Health Outcomes Measurement (ICHOM) https://www.ichom.org/
EIT Health, Implementing Value-Based Health Care in Europe: Handbook for Pioneers (Director: Gregory Katz), 2020 
https://eithealth.eu/wp-content/uploads/2020/06/Implementing-Value-Based-Healthcare-In-Europe.pdf

Your clinical trial planning 

https://www.ichom.org/
https://eithealth.eu/wp-content/uploads/2020/06/Implementing-Value-Based-Healthcare-In-Europe.pdf


Make a decision regarding your benchmark / control group.

Use a placebo/mock device/app almost indistinguishable from the solution under 
investigation. Think about preceding a run-in phase.

No treatment or treatment according to current standards.

Placebo/mock device on top of no treatment or current standard treatment. 

Use clinical endpoints and conditions of comparison which that are accepted by the 
relevant experts and expert associations.

Address user experience (patients, healthcare professionals) and include indication-
specific PROMs* in order to approach value-based healthcare remuneration schemes. 
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Scientific and operational design of your clinical trial, development of your clinical trial 
protocol (scientific evaluation concept), writing clinical trial submission documents.

Clinical Trial Application (CTA) filing, including assistance in preparation of your 
Investigational Medicinal Product Dossier (IMPD) or technical documentation, CTA 
submission to Ethic Committees and competent authorities.

Data management (full 21 CFR part 11 compliance); statistical planning, analysis and 
interpretation; Clinical Study Report (CSR) compliant with ICH E3

Go for a clinical CRO or hospital providing a full service portfolio in FDA/EMA compliant 
quality 

Check clinical research and scientific track record, FDA/EMA inspections, regulatory 
compliance, quality management system, information security (ISO 27001)

Agree on a task delegation list and timelines

Check trial implementation capabilities (recruitment rate, patient retention,                              
staff qualification, etc.) 

Clinical service provider selection 



Kick-off Meetings

Low-threshold offer for an early informal consultation 

Potential topics include regulatory support, clinical trial conception, documents to be 
submitted for an evaluation procedure

Facilitating the preparation of a more extensive in-depth scientific advice

DiGA counselling

Compilation of a dedicated consulting team matching the specialities and requirements of 
the respective manufacturer

Discussion of questions related to the fast-track pathway, including requirements for 
demonstrating a positive healthcare effect

Collection of fees by BfArM depending on the scope of advice

No preliminary decision in regard to the main application procedure

https://www.bfarm.de/SharedDocs/Downloads/EN/MedicalDevices/DiGA_Guide.pdf?
__blob=publicationFile&v=2

Löbker, W. et al., Bundesgesundheitsblatt 64:1241-1248, 2021 
https://link.springer.com/content/pdf/10.1007/s00103-021-03410-0.pdf

Support and counselling – BfArM

https://www.bfarm.de/SharedDocs/Downloads/EN/MedicalDevices/DiGA_Guide.pdf?__blob=publicationFile&v=2
https://link.springer.com/content/pdf/10.1007/s00103-021-03410-0.pdf


Support and counselling – BfArM
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Support and counselling – BfArM

Löbker, W. et al., Bundesgesundheitsblatt 64:1241-1248, 2021 
https://link.springer.com/content/pdf/10.1007/s00103-021-03410-0.pdf

Time scale DiGA counselling

https://link.springer.com/content/pdf/10.1007/s00103-021-03410-0.pdf


Support and counselling – further options

National Association of Digital Health Care (Spitzenverband Digitale Gesundheitsversorgung).1

Clinical CROs specialized in preparing DiGA clinical trial for demonstrating a positive healthcare 
effect.2

University Hospitals with Coordination Centres for Clinical Studies (Koordinierungszentren für
Klinische Studien).3

AI Federal Association (KI Bundesverband): Working group “Health” (Dr. -Ing. Julia Hoxha).4   

Docs in Clouds Telecare.5

Dmac Medical Valley Digital Health Application Center.6

Medical expert associations such as the German Diabetes Association, and their working 
groups/committees on technology, digitalization and psychology.7

EIT Health Germany GmbH.8

1. https://digitalversorgt.de/
2. https://diga.bfarm.de/de 
3. https://www.kks-netzwerk.de/index.php
4. https://ki-verband.de/arbeitsgruppen/
5. https://docsinclouds.com/consulting/

6. https://www.mv-dmac.com/
7. https://www.diabetes-technologie.de/, https://www.deutsche-diabetes-

gesellschaft.de/die-ddg/kommissionen/digitalisierung, https://www.deutsche-
diabetes-gesellschaft.de/die-ddg/arbeitsgemeinschaften/diabetes-psychologie

8. https://eit-health.de/en/, https://eit-health.de/en/5-tips-for-a-successful-
admission-to-the-diga-directory-henrik-emmert-ceo-of-aidhere-gmbh/

https://www.kks-netzwerk.de/index.php
https://www.kks-netzwerk.de/index.php
https://www.kks-netzwerk.de/index.php
https://ki-verband.de/arbeitsgruppen/
https://docsinclouds.com/consulting/
https://www.mv-dmac.com/
https://www.diabetes-technologie.de/
https://www.deutsche-diabetes-gesellschaft.de/die-ddg/kommissionen/digitalisierung
https://www.deutsche-diabetes-gesellschaft.de/die-ddg/arbeitsgemeinschaften/diabetes-psychologie
https://eit-health.de/en/
https://eit-health.de/en/5-tips-for-a-successful-admission-to-the-diga-directory-henrik-emmert-ceo-of-aidhere-gmbh/


Thank you very much!



Open discussion

Design approaches to trialing Digital Health Technologies                                                                    

Evidence frameworks for Digital Health Technologies                                                                          

Setting up your clinical trial program and selecting the right partners 

Q&A                                                                                                                          



Thank you very much!



Thank you very much!


