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Classical Drug Development Programs
Meyer et al. (2020b)

Traditionally: type I error

control at study level, 

regardless which other

studies are performed

Type I error:

Error of rejecting a null 

hypothesis when it is acutally

true

Want to learn from any new data when they 

become available – need for interim analysis!



Traditionally: Frequentist hypotheses tests for decision making 
in confirmatory clinical trial

• Traditional decision making in confirmatory clinical trials is based on hypothesis testing 

• The null hypothesis “The experimental treatment is not superior to control” is tested 

with a statistical test

• Based on the clinical trial data a p-value is calculated

• If p<0.05 the null hypothesis is rejected and the drug is declared efficacious

• This guarantees that the probability of a false positive result (given the treatment does 

not work) is lower than 5% 

• However, if multiple tests are performed with the same threshold of 0.05, the risk of at 

least one false positive conclusion increases

“Control of the study-wise rate of false positive conclusions at an acceptable level α is an 

important principle and is often of great value in the assessment of the results of 

confirmatory clinical trials.”

Points to consider on multiplicity issues in clinical trials, EMA (2002)



Interim Analysis
Interim Analysis

• Definition: 

Any analysis, summary, or inspection of unblinded trial data during an ongoing trial

• Motivation:

• Ethical

• Economical

• Possibility to stop the trial early for

• safety concerns,

• overwhelming effect, or

• futility (= lack of efficacy)

• Possibility to modify design aspects of the ongoing trial

• Use observed information to plan future studies



What will happen if we ignore the pre-planned fixed sample 
design and use the convential level alpha test to decide whether
to stop or continue a trial?



Hunting for Significance Tests 
for a Single Hypothesis

1 Analysis at the level α=0.05



Hunting for Significance Tests 
for a Single Hypothesis

2 Analyses at the level α=0.05



Hunting for Significance Tests 
for a Single Hypothesis

3 Analyses at the level α=0.05



(see Armitage 1969)

Hunting for Significance Tests 
for a Single Hypothesis

5 analysis at the level α=0.05



Key Issue
Type I Error Rate Control

• Group Sequential Designs

• Design the trial with multiple analyses over the course of the trial. Predefine a set 

of critical values (boundaries) to account for the multiplicity

• The overall boundary crossing probability (or the Type I error rate) is maintained at 

a pre-specified significance level α

• Typical group sequential design include Pocock (1977), O´Brien and Fleming (OBF, 

1979) or designs with alpha spending function Lan & Demets (1983)

• Adaptive Designs                                    

• Designs allow design modifications during the trial (e.g., randomization fraction, 

sample size, treatment selection, etc.) based on IA results of current trial or from 

external resources

• Describe decision rules/criteria in protocol, i.e., changes are made “by design” and 

not “ad hoc”

• Special analysis methods needed, e.g., based on adaptive combination tests or 

conditional error function

11

E.g. when planning for 4 

interim analyses (IA) 

(two-sided tests)

instead of

p<0.05

one has to use

Pocock

p<0.0158

O´Brien & Fleming 

p<0.0001     (1st IA)

p<0.0013     (2nd IA)

p<0.0084     (3rd IA)

p<0.0226     (4th IA)

p<0.0413 (final analysis)

shiny.rpact.com

https://shiny.rpact.com/


Some remarks for group seqeuntial designs

12

• Stopping boundaries, number and sample sizes of interim looks have to be pre-specified 
in advance.

• The first group sequential designs were originally designed for equally spaced interim 
looks only

• In clinical trials one might not exactly achieve the pre-planned stagewise sample size 
– e.g., interim looks might be determined by calendar time. 

– What is the impact on the type I error in case of (small) deviations?

• Mainly interested in demonstrating superiority of the new treatment against control (and 
not vice-versa). 
– ➔ one-sided in tests, e.g., (assuming larger is better)

– Different stopping boundaries for superiority and inferiority (futility stop)

H0: T C vs H1: T> C



Alpha Spending Function Lan&DeMets 1983

13

• Pre-specify alpha spending function and maximum sample 

size (=information fraction=1)

• Stopping boundaries as continuous function of accrual

• Timing and number of interim analysis are flexible. This 

allows unequally spaced interim looks (unequal group sample 

sizes).

• The increment in the alpha spending function between two 

interim analysis is used to determine the critical boundaries.

• However, the adaptations (number and timing of interim 

analyses) may not depend on the interim data. (One could use 

some odd alpha spending functions to inflate the actual type I 

error rate.)

H0: T C vs H1: T> C



How to plan and compare group sequential designs?

14

• Power and ASN under H0 and different alternatives

• Stopping probabilities (efficacy/futility) per stage

• Number and timing of interim analysis

• Minimum sample size
– The decision to stop (efficacy/superiority or futility) will be based on the 

primary endpoint only. 

– Is the first stage sample size large enough to check consistency in important 
other variables and/or subgroups? 

• Check which effect would be required for an early rejection.
– Can such a large effect be expected?

• Maximum total sample size

• Binding/non-binding stopping for futility boundaries

• How shall other (key) secondary endpoints be tested? 



Some references
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Springer, 2006 Chapman & 

Hall,  2000

Cologne, 1999 Springer, 2016



If more flexibility is needed …
… then use adaptive designs

16



Classical vs Flexible (Adaptive) Trials

17



Some History of Adaptive Designs

Organisational unit / confidential
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1989 Bauer: “Multistage Testing with Adaptive Designs”

1995 Proschan & Hunsberger: “Designed Extension of Studies Based on 

Conditional Power”

2007 EMA Reflection Paper

2010 FDA Draft Guidance (Drugs and Biologics)

2015 FDA Draft Guidance (Devices, CDRH, CBER) - finalized 2017

2018 New FDA Draft Guidance (Drugs and Biologics) – finalized 2019

2019 Concept paper ICH E20 Adaptive Clinical Trials

http://dx.doi.org/10.1002/sim.6472 (Open Access)

With invited discussion by Hung, Wang and Lawrence; Mehta and Liu; Vollmar; 
Maurer



1989 Bauer: “Multistage Testing with Adaptive Designs”

1995 Proschan & Hunsberger: “Designed Extension of Studies Based on 

Conditional Power”

2007 EMA Reflection Paper

2010 FDA Draft Guidance (Drugs and Biologics)

2015 FDA Draft Guidance (Devices, CDRH, CBER) - finalized 2017

2018 New FDA Draft Guidance (Drugs and Biologics) – finalized 2019

2019 Concept paper ICH E20 Adaptive Clincal Trials

Some History of Adaptive Designs

19



Which adaptions are of most
interest in drug development?

Organisational unit / confidential

Presentation title / topic OR Presenter's 

name
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Elsässer, F. Koenig, ...M. Posch. Adaptive clinical trial designs for European marketing authorization: a survey of scientic advice letters from the European 

Medicines Agency. Trials 15, 383, (2014)

Collignon, O., Koenig, F., Koch... & Posch, M. (2018). Adaptive designs in clinical trials: from scientific advice to marketing authorisation to the European Medicine 

Agency. Trials, 19(1), 642.

What are the critical issues from a 
regulatory point of view?



Some regulatory definitions of adaptive designs



Minimum requirements of adaptive designs



https://www.bmj.com/content/bmj/369/bmj.m115.full.pdf
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Adaptive Two Stage Designs

Adaptive design allowing for design modification

in one interim analysis



Adaptive Test Procedures

25



Adaptive Combination Tests (Bauer 89, Bauer & Köhne 94)

26



Type I error control and combination functions

27



Clue of Adaptive Tests

28

• Do not pool the data of the stages, combine the stage-wise p-values.

• Then the distribution of the combination function under the null does not depend 

on design modifications

• Hence the adaptive test is still a test at the level alpha for the modied design!

• Applicable also for multiple looks, multiple hypotheses, ...

• Adaptations can depend on all (unblinded) interim data including secondary and 

safety endpoints.

• For a control of the type I error rate, one need not pre-specify how the Stage 1 

data determine the design of Stage 2.



Numerical Example Product Test
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Multiplicity in Adaptive Clinical Trials

30
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Adaptive Seamless Designs

Adaptive Designs with treatment selection at an 

interim analysis











Case Study I: Interim Dose Selection (see Elsässer 2014)

Proposal for study seeking scientific advice (SAWP) from European Medicine Agency (EMA)

36



Case Study I: EMA (SAWP/CHMP) Reply
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Case Study I: Issues to address
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Case Study I: Control of Type I error rate

39



Adaptive Designs based on the closure principle

40



Dose selection and efficacy testing

41



Dose selection and efficacy testing

42



Flexible Closed Test (Bauer & Kieser 1999, Hommel 01)

43



44



45



Power considerations

46



Selecting the treatment with larger effect at Stage One
and sample size reallocation

47

µ2-µ0=0.5

Note: for the green and black-dashed line

the total sample sizes are the same!

Koenig et al. 2008, Koenig et al. 2006, Klinglmüller, 

Posch & Koenig F (2014), Hlavin, Hampson, Koenig 

(2017), Bretz & Koenig et al. (2009), …



What if the tests become too complex?

48



Further application: Adaptive Enrichment Designs

49

• Instead of selecting treatment arms, subgroups can be dropped or added at an 

adaptive interim analysis

Figure from Ondra et al. 2018 https://www.tandfonline.com/doi/full/10.1080/10543406.2015.1092034

Ballarini, N. M., Burnett, T., Jaki, T., Jennison, C., König, F., & Posch, M. (2021). Optimizing subgroup selection in two‐stage adaptive enrichment and umbrella designs. Statistics

in medicine, 40(12), 2939-2956.

Graf, A. C., Posch, M., & Koenig, F. (2015). Adaptive designs for subpopulation analysis optimizing utility functions. Biometrical Journal, 57(1), 76-89.

Ondra, T., Jobjörnsson, S., Beckman, R. A., Burman, C. F., König, F., Stallard, N., & Posch, M. (2019). Optimized adaptive enrichment designs. Statistical methods in medical

research, 28(7), 2096-2111.

Ballarini, Nicolás M., et al. "A critical review of graphics for subgroup analyses in clinical trials." Pharmaceutical Statistics 19.5 (2020): 541-560.

Sugitani, T., Posch, M., Bretz, F., & Koenig, F. (2018). Flexible alpha allocation strategies for confirmatory adaptive enrichment clinical trials with a prespecified subgroup. Statistics

in Medicine, 37(24), 3387-3402.

…



Some references on adaptive designs
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• P. Bauer, F. Bretz, V. Dragalin, F. Koenig, and G. Wassmer

Twenty-five years of confirmatory adaptive designs: opportunities and pitfalls

Statistics in Medicine 35, 325-347, (2016)

http://dx.doi.org/10.1002/sim.6472

• F. Bretz, F. Koenig, W. Brannath, E. Glimm, and M. Posch

Adaptive designs for confirmatory clinical trials

Statistics in Medicine 28, 1181--1217, 2009

http://dx.doi.org/10.1002/sim.3538

Cologne, 1999 Springer, 2016

http://dx.doi.org/10.1002/sim.6472
http://dx.doi.org/10.1002/sim.6472
http://dx.doi.org/10.1002/sim.3538
http://dx.doi.org/10.1002/sim.3538
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Master Protocols



Master Protocols

Woodcock and LaVange ’17

• Basket trial: One investigational treatment 

(combination) is evaluated in the context of multiple 

diseases or disease subtypes with a common 

therapeutic target

• Umbrella Trial: Multiple investigational treatments 

(combinations) are evaluated in the context of a single 

disease, possibly within several substudies for 

different disease subtypes 

• Platform trial: Umbrella trial, where drugs 

(combinations) may enter or leave the trial (e.g., if a 

new biomarker to identify disease subtypes becomes 

available)

Franz König 52



Systematic Literature Review: 
https://doi.org/10.1016/j.clinthera.2020.05.010
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• literature search on PubMed last updated January 01, 2020, search terms

such 

• master protocol*[Title/Abstract] OR

• platform/basket/umbrella trial/stud/design*[Title/Abstract] OR

• Included 164/678 identified papers + 122 manually

• In total 50 planned or conducted trials with master protocol identified

https://doi.org/10.1016/j.clinthera.2020.05.010


Classical Drug Development Programs

Koenig et al. (2024), Meyer et al. (2020b)

54
Franz König

Traditionally:

• Type 1 error (T1E) control at study level

• No data-sharing accross studies

• Sample size / power calculations quite simple

• Don´t share information accross studies / 

indications etc

Why is there the wish for something different?

• Inefficient usage of resources

• Standalone RCTs need their own control group

• Each time develop new protocol, SAP, 

• Seek ethics & regulatory approval, 

• Look for appropriate trial sites, …

• Advances in personalized medicine lead to massive 

amount of hypotheses



Collaborative Platform Trials

55

Design Characteristics of Platform 

Trials

• Multi-armed trials

• Interim analyses & adaptations 

• Treatments to be studied not defined 

upfront but may enter during the 

course of the trial

• Control arm(s) can be shared

• Control arm(s) may change over time

• Populations for the different treatments 

may not be the same (Umbrella type 

trials)

• Designed as trial with a Master Protocol 

with several sub-studies

55

Koenig et al. (2024), Meyer et al. (2020b)

JUMP End



Potential advantages of platform trial

Operational:

• More patients eligible for trial due to multiple treatments and sub-studies with 

possibly different inclusion criteria

• Joint trial infrastructure leads to savings in time and money for sponsor(s)

Statistical:

• Multiple hypotheses tested in the same trial (which is also a big challenge)

• Sharing of control data and adaptive decision rules potentially lead to fewer 

number of patients required

• Direct comparison between treatments allows for adaptive randomization leading 

to effective treatments “graduating” faster and fewer patients on inefficacious 

treatments

56
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Multiplicity Issues in 
Platform Trials



=  Large convoluted multiplicity problem

Multiple
interventions 

Multiple
subgroups

Multiple
endpoints 

Adaptive
decision making 

Multiple
Control Groups

Sources of structural multiplicty in Platform trials

Multi-regional

different 

regulatory

requirements

Multi-regional

58
JUMP End
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Is there a need to adjust for 
multiplicity in Platform trials?



NO need to adjust WHEN hypotheses 
are inferentially independent

Different drugs with 

different mechanisms of actions

Different drugs with 

similar mechanisms of actions

Different combinations of drugs

Different doses of one drug

Independent

Dependent

60

Stallard et al. 2019, Collignon et al. 2020a, 2020b, 

Park & Weir (2020), Bretz & König (2020), Nguyen et 

al (2022)

EU-PEARL session on multiplicity first stakeholder

workshop

• Hypotheses are inferentially 

independent, if the truth or falsehood 

of one hypothesis is unrelated to the 

truth and falsehood of the other 

hypotheses.

• no extrapolation from one hypotheses 

to the the other is possible.

• If we did separate trials, we would also 

not adjust for multiplicity  

(and the shared control group leads to 

a lower FWER anyway)



A pragmatic strategy for statistical inference

Each treatment/substudy in the platform trial is considered as an independent 

separate substudy, each controlling the FWER for the family of hypotheses relating 

to the treatment/substudy

For each substudy adjust for

• Multiple endpoints

• Multiple doses/treatment regimens

• Multiple subgroups

• Interim Analyses

But no adjustment across substudies

61



Summary Multiplicity in Platform Trials

• The concept of study-wise T1E rate control is not directly applicable to platform trials, especially 

if they are perpetual in nature.

• Control of the Familywise Error Rate (FWER) rate at treatment or substudy level seems to be a 

pragmatic approach. 

• But is there a consensus on what to consider “independent“?

• Also the overall operating characteristics of the platform trial are of importance. Depending on 

the trial objective, control of the FDR or FWER (possibly at higher levels) are possible options.

• Online FDR Control: Zehetmayer, S., Posch, M., & Koenig, F. (2022). Online control of the False Discovery Rate in group-sequential platform trials. Statistical 

Methods in Medical Research, 31(12), 2470-2485. Robertson, D. S., Wason, J. M., König, F., Posch, M., & Jaki, T. (2023). Online error rate control for platform

trials. Statistics in medicine, 42(14), 2475-2495.

• Other sources of multiplicity (treatments, change of control arms, subgroups, multiple 

endpoints, interim analysis, adaptations…) and sources of bias (non-concurrent controls, 

adaptations) need to be taken into account.

62JUMP End
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Shared and Non-Concurrent
Controls



Can we use ALL control data, which is ALREADY available?

Control

Treatment A

Treatment B

Non-concurrent controls 

for treatment B

Concurrent controls 

for Treatment B

6464

• If platform trials run over a long time period, with multiple treatments entering and leaving 

the platform over time, incorporating non-concurrent controls can substantially improve the 

efficiency 

• However, non-concurrent controls may introduce bias due to different types of time trends

JUMP Example



Non-concurrent and historical controls share several sources of potential bias

When using historical data for comparisons in clinical trials we accept that strict T1E 

control is not possible.

So in platform trials?

Non-concurrent controls…

• are collected within a framework which has many features standardized (same 

infrastructure, assessment of endpoints, monitoring, …) and all changes are 

well documented.

• patients are randomized and blinding is possible

65

Non-Concurrent controls = Historical controls in RCT?

Eichler et al. 2016

65



• Non-concurrent controls can be randomized & blinded but

• At a different calendar time such that randomization does not ensure control on 

the distribution of prognostic factors between NCC and experimental arms.

• patients & investigators are not blinded with respect to the experimental 

treatment and the non-concurrent control it is compared to

• The lack of true randomization can induce time trends

66

Randomized controlled trials & non-concurrent controls

66



• External, e.g.,

- Changes in standard of care

- Patient population

- Pandemics

• Internal

- Change in recruiting centers: an analysis stratified by center is no longer possible

if centers enter or leave the platform.

- Change in recruitment strategies, e.g. if promising treatments enter the platform.

- Change in inclusion/exclusion criteria because of other experimental treatments

under investigation

- Change in assessment of endpoints (e.g., new diagnostic devices)

67

Time Trends due to External and Internal Factors

67



Can we use all data?
Problem: Naively pooling control data can lead to error!
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• Separate analysis using only 

concurrent controls

• Pooled analysis using 

concurrent and non-concurrent 

controls

• Regression model adjusts for 

time trends in the model

A solution: Bofill et al. (2022):
unbiased treatment effects regardless of the functional form of the time trend if
time trends in all treatment arms are equal and time trends are additive

Example: 2 experimental arms and a control 
Power and type 1 error rate as function of the strength of the linear time trend

EU-PEARL webinar:

https://eu-pearl.eu/workshops/non-concurrent-controls-in-platform-

trials/

https://www.youtube.com/watch?v=nYl-lHtVwxA

https://eu-pearl.eu/workshops/non-concurrent-controls-in-platform-trials/  
https://www.youtube.com/watch?v=nYl-lHtVwxA


T1E as function of the strength of the time trend 𝜆1 in arm 1:

69

T1E for treatment arm 2 (different time trends in groups 1 and 2)

69

However, if time trends differ between treatment arms, estimates may be biased 

and the type 1 error rate may be inflated.   

Bofill Roig, M. B., Krotka, P., Burman, C. F., Glimm, E., Gold, S. M., Hees, K., ... & Posch, M. (2022). On model-based time trend 

adjustments in platform trials with non-concurrent controls. BMC Medical Research Methodology, 22(1), 1-16.

• Separate analysis using only 

concurrent controls

• Pooled analysis using concurrent 

and non-concurrent controls

• Regression model adjusts for 

time trends in the model

𝜆1



Summary non-concurrent controls

• Inclusion of non-concurrent controls is a question of variance – bias tradeoff.

• Methods to address potential bias are available, however, they rely on specific 

assumptions.

• The problem of (the lack of) pre-specification is difficult to address. Keeping 

control data blinded may not be possible if treatment arms are stopped and 

results are reported.

• In broader indications regulators might be reluctant to accept analysis using NCC 

as well, but in rare diseases more efficient to use NCC data

• If non-concurrent data are utilized as primary analysis, also the analysis using 

only concurrent control data should be presented (possibly with a relaxed 

significance level)

70



Examples Platform Trials



A platform trial for neurofibromatosis (EU-PEARL)
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https://doi.org/10.1093/nop/npae001

https://doi.org/10.1093/nop/npae001


Learnings on platform trials
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DOI:https://doi.org/10.1016/j.eclinm.2023.102384

Further papers on specific designs and 
methodology for platform trials, e.g., multiplicity, 
use of non-concurrent controls

ELEMENTS OF AN INTEGRATED 

RESEARCH PLATFORM

https://doi.org/10.1016/j.eclinm.2023.102384


Templates to create a Master Protocol
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Reference: Mesenbrink, P., Gidh-Jain, M., Parke, T., Koenig, F., & Spiertz, C. (2023). Developing 

Generic Templates to Shape the Future for Conducting Integrated Research Platform Trials. Pre-print 

at https://doi.org/10.21203/rs.3.rs-3382348/v1 Trials 2024

I. Provisional Master Protocol Template 

II. Provisional Intervention Specific Appendix (ISA)

III. Provisional Statistical Analysis Plan Template

IV. Provisional Data Monitoring Charter Template 

Platform Trial Best Practises Tool 

https://doi.org/10.21203/rs.3.rs-3382348/v1


Software for adaptive designs and master protocols
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https://doi.org/10.1186/s13063-021-05130-x

https://doi.org/10.1016/j.softx.2023.101515

EU-PEARL: Simulation software in public domain (EU-PEARL webpage, 
publications, open source software simulation programs 
https://github.com/EUPEARL, ...)

https://doi.org/10.1186/s13063-021-05130-x
https://doi.org/10.1016/j.softx.2023.101515
https://github.com/EUPEARL
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Conclusions



Conclusions (I) Adaptive Clinical Trials
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77

• Better use of resources versus traditional parallel group design as they allow for 

mid-trial learning and adaptations while strictly controlling the (multiple) type I 

error rate.

• Platform trials are a challenge and opportunity

• Analytic solutions to evaluate OCs (T1E, power) often not available

• Increased use of clinical trial simulations

Meyer, E. L., Mielke, T., Parke, T., Jacko, P., & König, F. (2023). SIMPLE—A modular tool for simulating complex platform

trials. SoftwareX, 23, 101515.

Meyer, Bofill-Roig, Jacko, Krotka, Mesenbrink, Zehtmayer, Zocholl, König. Why and how should we simulate platform trials? -

Learnings from EU-PEARL (2024). Submitted

Krotka, P., Hees, K., Jacko, P., Magirr, D., Posch, M., & Roig, M. B. (2023). NCC: An R-package for analysis and simulation of

platform trials with non-concurrent controls. SoftwareX, 23, 101437.

Meyer, E. L., Mesenbrink, P., Mielke, T., Parke, T., Evans, D., König, F., (2021). Systematic review of available software for multi-arm 

multi-stage and platform clinical trial design. Trials, 22, 1-14.



Conclusions (II)
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Conlusions (III)
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Selected References (see references in the three papers)
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347.

• Koenig, F., Spiertz, C., et al . (2024). Current state-of-the-art and gaps in platform trials: 10 

things you should know, insights from EU-PEARL. The Lancet eClinnicalmedicine, 67. 

https://doi.org/10.1016/j.eclinm.2023.102384

• Meyer, E. L., Mesenbrink, P., ... & König, F. (2020). The evolution of master protocol

clinical trial designs: a systematic literature review. Clinical Therapeutics, 42(7), 1330-

1360.

https://doi.org/10.1016/j.eclinm.2023.102384
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DISCLAIMER: This presentation reflects the authors' views. Neither IMI nor the European Union, EFPIA, or any 

Associated Partners are responsible for any use that may be made of the information contained herein.

Acknowledgements (for part on platform trials)

https://eu-pearl.eu/
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Many thanks for
your patience


