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Executive summary
Background
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Personalised medicine (PM) is an evolving field, which aims at treating patients by providing them a
specific therapy according to their individual demographic, genomic or biological characteristics.
Many innovative and complex trial designs have been implemented, especially in cancer studies, to
evaluate targeted treatments in patients’ clusters. However, such trial designs raise concerns about
their methodology, since they often require independent statistical analyses for each sub-protocol,
interim analyses driving prospective adaptation with the addition of new interventions or populations,
and/or termination of sub-protocols based on futility or safety issues. The application of robust
methodologies is especially important for PM clinical trials to correctly select participants and
treatments to be tested. As an initial step for the development of new recommendations on trial
designs for PM, we aimed to present an overview of the study designs that have been used in this
field.
Research questions
The research questions addressed were:
1. What are the available designs for clinical trials applied to personalised medicine?
2. What are the examples of current applications of these approaches?
3. What are the pros and cons of the different approaches?
4. What are the gaps in the current research on personalised medicine clinical trials?
5. How is a personalised medicine strategy vs. non-personalised strategy evaluated?
Methods
We conducted a scoping review by researching PubMed, EMBASE and the Cochrane Library for all
reports in English, French, German, Italian and Spanish describing a study design for clinical trials
applied to personalised medicine. We also searched for grey literature.
We reviewed all records manually to verify and remove duplicates that had not been previously
detected. The screening of titles and abstract was performed independently by five reviewers (KCE,
ISCIII, Université de Paris). A reviewer (Université de Paris) screened all titles and abstracts of the
retrieved citations. Four reviewers (KCE, ISCIII) screened 25% of references each. Due to the
involvement of many reviewers in this first screening phase, we conducted a pilot screening to verify
whether all reviewers used the same inclusion and exclusion criteria. We retrieved full-text copies of
potentially eligible reports for further assessment. Six reviewers confirmed the eligibility: one reviewer
(Université de Paris) examined all full-text copies and five reviewers (ISCIII, Université de Paris)
screened 20% of references each. In case of disagreements, consensus was determined by
discussion or by involving an expert reviewer (Université de Paris).
We designed a data extraction form using Google® Forms. General study characteristics extracted
were as follows: first author name, title of article, contact detail of corresponding author, year of
publication and type of publication. In addition, for each trial design referred to in the paper, we
collected information on its definition, methodology, statistical considerations, advantages,
disadvantages, utility, gaps and examples of actual trials, which adopted the design. Two reviewers
(Université de Paris) piloted and refined the data extraction form using three reviews (4%). Since
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many narrative reviews were already published about trial designs applied to personalised medicine,
the data extraction was conducted in two phases. Firstly, two reviewers (Université de Paris)
independently extracted data from the identified systematic and narrative reviews. Secondly, three
reviewers (ISCIII, Université de Paris) working independently extracted data for all the remaining
selected records, which were neither a systematic nor narrative review, only if they provided new
information, which was not extracted in the previous phase. One reviewer (Université de Paris)
extracted data from all records and two reviewers (ISCIII, Université de Paris) extracted 60% and
40% of articles, respectively. Based on the identified trial designs and features, we proposed a new
classification of trial designs for personalised medicine.
Results
After screening 2301 citations and 486 full-text papers, 163 publications met the inclusion criteria. We
identified 21 trial designs, 10 sub-types and 30 variations of trial designs applied to personalised
medicine, which we classified into four core designs: 1) Enrichment, 2) Biomarker-strategy, 3) Master
protocols and 4) Randomize-all. We found 131 clinical trials using these designs, of which the great
majority were master protocols (86/131, 65.6%). Most of the trials were phase II studies (75/131,
57.2%) in the field of oncology (113/131, 86.2%). We identified 34 main features of trial designs
regarding different aspects (e.g., framework, control group, randomisation). The four core categories
and 34 features were merged into a double-entry table to create a new classification of trial
designs for PM. For more information on the study results, please refer to the full report.
Gaps identified
We found three main gaps related to the current research on personalised medicine clinical trials. The
identified gaps are as follows: 1) gaps in the terminology used in labelling trial designs applied to
personalised medicine, 2) gaps in applying innovative trial designs to fields outside of oncology and
3) gaps in implementing trials for evaluating personalised medicine strategy vs. non-personalised
strategy.
For the upcoming gap analysis workshop planned on December 1, 2020, we suggest focusing on the
first identified gap by discussing and agreeing on the following points:


Classification of trial designs applied to personalised medicine (please see Table ‘Trial
designs classification’ in the next page)



Definition of core designs and features of trial designs applied to personalised medicine
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Table. Trial designs classification
Core designs

Biomarker strategy

Enrichment

Master protocols

Design features
Framework

Bayesian
Frequentist
Disease progression

Model

Longitudinal
Hierarchical
Common/shared

Control group

Contemporaneous
Historical

Randomisation

With treatment randomisation in both
biomarker-positive and biomarker-negative
subgroups
Without treatment randomisation in the
biomarker-negative subgroup
Only for patients with discordant clinical
and genomic risk evaluation
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Randomise-all

With treatment randomisation
Randomisation in the non-biomarker based
strategy arm

Without treatment randomisation
Reverse biomarker strategy
Sequential subgroup specific

Subgroup specific
Parallel subgroup specific
With sequential assessment
With parallel assessment
Biomarker positive and overall strategies

With fall-back analysis
Marker sequential test
With biomarker assessment in the entire
population

Biomarker assessment

Without biomarker assessment in the
control arm
Adaptive enrichment

Personalised medicine (PM) specific
adaptive aspects

Adaptive signature
Threshold determination
Adding a new arm

Generic adaptive aspects

Early stopping
Interim analysis
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Outcome-based adaptive randomisation
Sample size reassessment
Seamless
Treatment tailoring aspects

Pharmacodynamic biomarker assessment
after run-in phase period
Dynamic treatment regime
PK/PD modeling
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Background
The concept of personalised medicine is going to impact how pharmacological treatments are
discovered and developed, how patients are diagnosed and treated, and how health care systems
allocate their resources to maximize patient benefits. Personalised medicine may be considered an
extension of traditional approaches to understanding and treating disease. Ideally, it could serve to
take clinical decisions based on a patient’s profile (often molecular, but the concept is broader) to
minimise harmful side effects, ensure a more successful outcome, and possibly help contain costs
compared with a “trial-and-error” approach to disease treatment (7).
Personalised medicine stems on the broad concept that managing a patient's health should be based
on the individual patient's specific characteristics, including age, gender, height/weight, diet,
environment, etc. Different understandings of personalised medicine exist, in which three main
positions can be identified (8):
(a) personalised medicine is not a new concept as medicine has always been individualized;
(b) personalised medicine is holistic health care, centred around the needs of the individual patient;
(c) personalised medicine is treatment targeted at stratified subgroups (e.g. pharmacogenetics).
Even when the focus is restricted to the third position, there is not a unique definition of personalised
medicine, nor a straightforward terminology to define this concept. While “personalised” emphasizes
the notion of individualized— “this is exclusively designed for you”, other more scientifically rigorous
terms such as stratified medicine refer to the identification of groups or strata of patients with specific
molecular characteristics or other determining factors which predict susceptibility to disease, disease
prognosis, and/or response to therapy. Some authors suggested that rather than considering
personalised medicine as a precise scientific concept, it should be understood as an open and
negotiable ideal that accounts for a plurality of visions, depending on people, reasons and interests
behind these alternative conceptions (9).
Regarding the terminology, in the European context, the term personalised medicine is preferred,
as this term best reflects the ultimate goal of effectively tailoring treatment based on an individual’s
‘personal profile’, as determined by the individual’s genetical and phenotypical characteristics. Other
terms are widespread, for instance stratified medicine, mainly used in the UK, or precision medicine
mostly used in US and broadly referred to 4 P (preventive, predictive, personalised and participatory)
medicine. While there may be small nuances in the literal meanings of these terms, they usually refer
to the same concept when applied in practice (10).
A recent review reported that the literature about personalised medicine usually refers to two different
semantic approaches. Firstly, patients’ stratification, that is grouping individual patients in
subpopulation according to their probability to have a therapeutic benefit from a drug or regimen.
Secondly, treatment tailoring, that is the individual status of a patient (i.e., disease characteristics or
subject’s genotype/phenotype) is the rationale basis for drug choice (11).
A broad community of stakeholders, including funders and people involved in medical research and
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care, are increasingly concerned with ensuring that the right patient receives the right therapy, at the
right dose and at the right time. The identification of markers of mechanistic pathways or multiple
variables characterising clusters of subjects that might inform meaningful disease stratification may
have different clinical applications in the context of personalised medicine. Broadly, stratification may
be applied at the diagnosis level (e.g., to identify a particular pathophysiological/clinical stratum within
a heterogeneous patient population for diagnostic purposes), to predict disease course (prognostic
value), the development of a disease (predictive value), or the response to therapy (theragnostic
value).
Regardless of the application, any approach to personalised medicine should undergo different
phases: discovery, validation and definition of usefulness from a clinical perspective. Robust
methodological approaches are needed to deal with the complexity and heterogeneity of the process,
as well as the range of possible applications to stratification using multidimensional data (what is
meant among other by “molecular profiling”).

Personalised medicine research
The PERMIT project will map the general concept of methods for personalised medicine, to set the
basis for the discussion on robustness and reproducibility of personalised medicine development
programmes. The final goal is the identification of standards and needs in terms of methodology of
data generation, management, analysis and interpretation to improve clinical studies in personalised
medicine.
The members of the PERMIT consortium agreed on a common operational definition of personalised
medicine research: a set of comprehensive methods, (methodological, statistical, validation or
technologies) to be applied in the different phases of the development of a personalised approach to
treatment, diagnosis, prognosis, or risk prediction. Ideally, robust and reproducible methods should
cover all the steps between the generation of the hypothesis (e.g., a given stratum of patients could
better respond to a treatment), its validation and pre-clinical development, and up to the definition of
its value in a clinical setting.
The process leading from the hypothesis to the clinic is complex and not always linear. The Medical
Research Council in UK recently developed a framework for the development, design and analysis of
stratified medicine (12) that is structured in six themes:
Theme 1: Framing the Question/Defining the Population
Theme 2: Designing Stratum Discovery Studies; selecting variables, defining response and
powering
Theme 3: Assay Design; managing complexity and variability
Theme 4: Defining Strata; data integration, linkage to existing knowledge, linkage to outcome
Theme 5: Stratum Verification
Theme 6: Progression Towards Clinical Utility
10
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Any attempt for classifying the phases of personalised medicine may appear an oversimplification.
However, a typical research programme in personalised medicine would include: first a stratification
cohort (in many cases a retrospective study reusing data and biosamples from existing cohorts) with
extensive multimodal data on which stratification algorithms are run, then a validation cohort, normally
prospective, that assesses the reproducibility, robustness and validity of the clustering in another
sufficiently large patient sample. Thirdly, a translational step is often necessary. In some cases, the
use of pre-clinical models (cellular, in-silico, organoid) might be useful to give confidence in patients
allocation to specific treatment arms as identified through clustering. Alternatively, the multi-omics
profiles from clinical samples can lead to the identification of new disease categories, prediction of
disease prognosis, exploration of drug sensitivity and dose selection. Finally, treatment options
should be tested in the subgroups of patients in the context of clinical studies, ideally randomised
clinical trials, to generate evidence informing regulatory, clinical and coverage decisions.
However, many alternative pathways can be proposed. In some case, the stratification provides
detailed information on the mechanism of disease and strong indications on the treatments to be
tested in each patient cluster. This is for instance the case where identification of driver somatic
mutations in cancer cells suggests the targeted treatment to be tested. In other cases, the
stratification cohort includes data on response to an established treatment, making the translational
step less necessary. Research programmes may be limited to the stratification step, in particular
when no treatment is available – this is the case for instance for taxonomy studies in
neurodegenerative disorders, aiming at identifying homogeneous clusters of patients. In any case,
personalised medicine research is a complex programme, with multiple steps and lasting many years.
We consider out of the scope of this review the methods used for the clinical implementation of
personalised medicine, the manufacturing and use of individualized treatments, and the pragmatic
approach to individual patient care, such as n-of-1 trials.
Considering this framework outlined by Figure 1, the scoping reviews conducted in the context of the
PERMIT project explored the methods for personalised medicine research focusing on four main
phases:
1. Methods for stratification and validation cohorts
2. Methods for machine learning applied to stratification
3. Pre-clinical methods for translational development of stratified therapies and treatments
selection
4. Methods for clinical trials in personalised medicine
This deliverable focuses on phase 4.
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Figure 1: Main steps in personalised medicine research programmes

Scoping review on methods for clinical trials in personalised medicine
Personalised medicine (PM) allows treating patients based on their individual demographic, genomic
or biological characteristics for tailoring the 'right treatment for the right person at the right time'. Many
innovative and complex trial designs have been implemented, especially in cancer studies, to
evaluate targeted treatments in patients’ clusters. However, such trial designs raise concerns about
their methodology, since they often require independent statistical analyses for each sub-protocol,
interim analyses driving prospective adaptation with the addition of new interventions or populations,
and/or termination of sub-protocols based on futility or safety issues. The application of robust
methodologies is especially important for PM clinical trials to correctly select participants and
treatments to be tested.
As an initial step for the development of new recommendations on trial designs for PM, we aimed to
present an overview of the study designs that have been used in this field.
Our specific objectives were to answer to the following five research questions:
1. What are the available designs for clinical trials applied to personalised medicine?
2. What are the examples of current applications of these approaches?
3. What are the pros and cons of the different approaches?
4. What are the gaps in the current research on personalised medicine clinical trials?
5. How is a personalised medicine strategy vs. non-personalised strategy evaluated?
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Approaches (methods)
We conducted a scoping review following the methodological framework suggested by the Joanna
Briggs Institute (13). The framework consists of six stages: 1) identifying the research questions, 2)
identifying relevant studies, 3) study selection, 4) charting the data, 5) collating, summarising and
reporting results and 6) consultation. We will perform the last step through a workshop with partners
of the PERMIT project planned on December 1-2, 2020.
A study protocol reporting all methodological details was uploaded in the Zenodo repository before
conducting the present scoping review (14). We used the PRISMA-ScR (Preferred Reporting Items
for Systematic reviews and Meta-Analyses extension for Scoping Reviews) checklist to report our
results (15).
Study identification
We searched PubMed, EMBASE (via Ovid) and the Cochrane Library (search date: April 7-8, 2020)
for all reports describing a study design for clinical trials applied to personalised medicine. The
methods team (Istituto di Ricerche Farmacologiche Mario Negri) defined the search strategies with
the support of the review team (Université de Paris) for identifying relevant keywords. Search
strategies are presented in Appendix I. Because many systematic and narrative reviews on trial
designs applied to personalised medicine have already been published over the last years, we limited
our search from 2005 to April 2020. We restricted inclusion to English, French, German Italian, and
Spanish languages. We searched for the grey literature on websites of existing projects about
innovative clinical trials (e.g., EU-PEARL) and by consulting partners of the PERMIT project.

Eligibility criteria
We included all reports describing a trial design applied to personalised medicine. Because of the
extensive volume of literature related to trial designs in personalised medicine, we restricted the
inclusion criteria to trial designs for Phase II, III and IV. We excluded single-arm trials, which are not
part of a master protocol, non-adaptive enrichment design and N-of-1 trials. We also excluded
publications such as prefaces to a special issue and speaker, symposium and panel abstracts,
posters and letters to the editor due to the limited information usually provided. These exclusion
criteria were not specified in the protocol, but they were agreed among the authors before starting the
screening process.

Study selection
We exported the references retrieved from the searches into the Rayyan online tool (16). Duplicates
were previously removed by the methods team (Istituto di Ricerche Farmacologiche Mario Negri)
using the reference manager Endnote X9 (Clarivate Analytics, Philadelphia, United States).
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We reviewed all records manually to verify and remove duplicates that had not been previously
detected. The screening of titles and abstract was performed independently by five reviewers (KCE,
ISCIII, Université de Paris). A reviewer (Université de Paris) screened all titles and abstracts of the
retrieved citations. Four reviewers (KCE, ISCIII) screened 25% of references each. Due to the
involvement of many reviewers in this first screening phase, we conducted a pilot screening using 56
articles (2.5%), corresponding to the articles published from January 1, 2020 to search date (April 78, 2020), to verify whether all reviewers used the same inclusion and exclusion criteria. The full-text
screening was performed independently by six reviewers. A reviewer (Université de Paris) examined
all full-text copies. Five reviewers (ISCIII, Université de Paris) screened 20% of references each. In
case of disagreements, consensus was determined by discussion or by involving an expert reviewer
(Université de Paris). We reported the result of this process through a PRISMA flowchart (15).
Charting the data
We designed a data extraction form using Google® Forms (Appendix II). General study
characteristics extracted were as follows: first author name, title of article, contact detail of
corresponding author, year of publication and type of publication. In addition, for each trial design
referred to in the paper, we collected information on its definition, methodology, statistical
considerations, advantages, disadvantages, utility, gaps and examples of actual trials, which adopted
the design.
Two reviewers (Université de Paris) piloted and refined the data extraction form using 3 articles (4%).
Since many narrative reviews were already published about trial designs applied to personalised
medicine, the data extraction was conducted in two phases. Firstly, two reviewers (Université de
Paris) independently extracted data from the identified systematic and narrative reviews. Secondly,
three reviewers (ISCIII, Université de Paris) working independently extracted data for all the
remaining selected records, which were neither a systematic nor narrative review, only if they
provided new information, which was not extracted in the previous phase. One reviewer (Université
de Paris) extracted data from all records and two reviewers (ISCIII, Université de Paris) extracted
60% and 40% of articles, respectively. Differences in terminology were discussed between reviewers
to ensure that the same trial designs were included in the same category. Disagreements were
solved by consensus or by involving a third expert reviewer (Université de Paris).

Collating, summarising and reporting results
We summarised the extracted data in tables and figures. Information on the definition, methodology,
statistical considerations, advantages, disadvantages, utility and gaps of trial designs was extracted
verbatim. Data on the examples of clinical trials adopting the different approaches were summarised
using frequencies and percentages.
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A researcher (Université de Paris) listed all study designs and identified the central feature(s) for each
of them, which were grouped into feature domains. The initial list was reviewed by a senior statistician
with expertise in designing clinical trials (Université de Paris). A final list was created and agreed on
with members of the PERMIT steering committee and authors and contributors of the present study.
The list of features was therefore based on the identified study designs and also the expertise of
members of the PERMIT project.

Results
Study selection and general characteristics of reports
We retrieved 2350 citations from the electronic search and after removing the duplicates, 2301
remained. We excluded 1841 records based on titles and abstracts. After full-text assessment, 323
publications were excluded, and 163 met the inclusion criteria (see flow chart in Figure 2 and
Appendix III for included studies). From these 163 publications, we identified 5 systematic reviews, 66
narrative reviews, 8 original research articles, 26 methodological studies, 4 study protocols, 37
conference abstracts, 4 commentaries, 2 discussion papers, 3 reports, 1 book chapter, 1 editorial, 1
guidance document, and 5 links about trial registration (e.g., clinicaltrials.gov)

Figure 2. Study selection flow diagram
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1. What are the available designs for clinical trials applied to personalised medicine?
We identified 21 trial designs, 10 sub-types and 30 variations of trial designs applied to
personalised medicine (Table 1). We classified the identified trial designs into four core
categories: 1) Enrichment, 2) Biomarker-strategy, 3) Master protocols and 4) Randomize-all.
The core categories are defined as follows:
1) Enrichment designs, where “all potentially eligible patients are first tested for the biomarker
and only biomarker-positives are randomly assigned to the experimental or control treatment.
Other patients are in principle excluded from further investigation in the study” (17). This
category includes 1 trial design (Adaptive enrichment), 2 sub-types (1. Adaptive threshold
sample-enrichment design, 2. Adaptive patient enrichment design) and 1 variation (Modified
bayesian version of the two-stage design).
2) Biomarker-strategy designs allow the “inclusion of a management strategy. This strategy is not
the standard or experimental treatment, but a prespecified maker-based treatment strategy”
(17). It comprises 5 trial designs (1. Biomarker strategy design with biomarker assessment in
the control arm, 2. Biomarker strategy design without biomarker assessment in the control
arm, 3. Biomarker strategy design with treatment randomization in the control arm, 4. Reverse
marker based strategy, 5. Modified biomarker strategy design).
3) Master protocols refer “to a single overarching design developed to evaluate multiple
hypotheses, and the general goals are improving efficiency and establishing uniformity through
standardization of procedures in the development and evaluation of different interventions.
Under a common infrastructure, the master protocol may be differentiated into multiple parallel
substudies to include standardized trial operational structures, patient recruitment and
selection, data collection, analysis, and management” (18). This category includes 5 trial
designs (1. Platform design, 2. Basket design, 3. Basket of basket design, 4. Umbrella design
and 5. Umbrella-basket hybrid), 6 sub-types (1. Closed platform, 2. Open adaptive platform, 3.
Randomised basket design, 4. Non randomised basket design, 5. Randomised basket design
6. Non-randomised basket design) and 7 variations (1. Bayesian adaptive platform trial, 2.
Randomised, embedded multifactorial adaptive platform (REMAP), 3. Bayesian basket design,
4. Sequential basket trial design with bayesian monitoring rules, 5. Bayesian latent subgroup
trial (BLAST) design, 6. Bayesian hierarchical adaptive design and 7. Bayesian adaptive
umbrella design).
4) Randomize-all designs, where “all patients meeting the trial eligibility criteria, irrespective of
their biomarker status, are randomly allocated to either experimental or control treatment” (17).
Trials designs, which start as randomize-all and are followed by enrichment stages, are also
included in this group. This category includes 10 trial designs (1. Marker stratified design, 2.
17
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Hybrid design, 3. Sequential Multiple Assignment Randomised Trial (SMART) design, 4.
Adaptive biomarker design, 5. Adaptive strategy for biomarker with measurement error, 6.
Adaptive signature design, 7. Outcome-based adaptive randomization design, 8. Adaptive
parallel Simon two-stage design, 9. Multi-arm multi stage design, 10. Tandem two stage
design), 2 sub-types (1. Subgroup specific design, 2. Biomarker-positive and overall
strategies) and 22 variations (1. Sequential subgroup specific design, 2. Parallel- subgroup
specific design, 3. Biomarker-positive and overall strategies with parallel assessment, 4.
Biomarker-positive and overall strategies with sequential assessment, 5. Biomarker-positive
and overall strategies with fall-back analysis, 6. Marker sequential test design, 7. Auxiliary
variable-enriched biomarker-stratified design, 8. Adaptive threshold design, 9. Molecular
signature design, 10. Cross-validated adaptive signature design, 11. Generalized adaptive
signature design, 12. Adaptive signature design with subgroup plots, 13. Bayesian covariate
adjusted response-adaptive randomization, 14. Bayesian hierarchical model for responseadaptive randomised design, 15. Bayesian adaptive patient enrolment restriction (BAPER)
approach, 16. Adaptive design for population selection using correlated time to event
endpoints, 17. Biomarker stratified with a subgroup-focused sequential design, 18. Stratified
adaptive design, 19. Parashar design, 20. Two-stage adaptive seamless design, 21. Bayesian
subgroup based adaptive design and 22. Group sequential design).
From the identified designs, we found 34 main features of trial designs in personalised medicine,
which were clustered into 11 features domains. The feature domains include the key design
features that characterise a trial design for personalised medicine such as framework, model,
control group, randomisation, biomarker assessment and adaptive aspects, and that should be
carefully considered when designing a trial. A new classification of the trials designs for
personalised medicine has been proposed and is reported in Table 2. The classification is
presented in a double entry table, which includes the main trial features on the y-axis and core
categories of the trial designs on the x-axis.
2. What are the examples of current applications of these approaches?
We identified 131 clinical trials adopting the approaches previously mentioned, which are described in
Table 3. Most trials used a basket (35/131, 26.7%), umbrella (30/131, 22.9%), platform (18/131,
13.7%) or marker stratified (15/131, 11.5%) design. The great majority of the trials were in the field of
oncology (113/131, 86.3%). The recruitment status was ongoing for 48.1% (63/131) of the trials. A
trial (0.8%) was not registered and seven (5.3%) presented an unknown status (meaning that the trial
status has not been verified within the past two years on the clinicaltrials.gov website). Out of 131, 75
(57.3%) trials were phase II studies. For five trial designs, we did not find any examples of current
applications.
3. What are the pros and cons of the different approaches?
Table 4 lists the advantages and disadvantages for each trial design.
18
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4. What are the gaps in the current research on personalised medicine clinical trials?
We found three main gaps related to the current research on personalised medicine clinical trials.
The identified gaps are as follows: 1) gaps in the terminology used in labelling trial designs applied
to personalised medicine, 2) gaps in applying complex innovative trial designs to fields outside of
oncology and 3) gaps in implementing trials for evaluating personalised medicine strategy vs. nonpersonalised strategy.
1. Gaps in the terminology used in labelling trial designs applied to personalised medicine
We found that trial designs are often labelled in different ways or mislabelled, despite this gap
having been identified previously (17,19). An example is the Marker stratified design, which was
named using 18 different labels (see Table 1). We also found that a study design adopted in a
clinical trial was defined differently across the literature. For instance, the I-SPY 2 trial
(NCT01042379) has been labelled as outcome-based adaptive randomisation, platform or
umbrella design.
2. Gaps in applying innovative trial designs to fields outside of oncology
We found that 94% (80/85) of the clinical trials which used a master protocol design were in the
field of oncology. This last result was consistent with what was found in a recent systematic review
of master protocols (2019) (18). The review showed that the great majority of basket, umbrella
and platform studies (76/83, 91.6%) were conducted in the field of oncology. In particular, no
umbrella trials were found outside of oncology. “More efforts to improve awareness and training
are needed to apply these innovative trial design methods to fields outside of oncology” as
suggested by Park and colleagues.
3. Gaps in implementing trials for evaluating personalised medicine strategy vs. non-personalised
strategy
We found only 16 trials using nine different trial designs, which compared the two strategies. More
research is therefore needed to evaluate the efficiency of personalised medicine approach vs.
non-personalised standard of care.

5. How is a personalised medicine strategy vs. non-personalised strategy evaluated?
We identified 16 trials (16/131, 12.2%) evaluating a personalised vs. a non-personalised medicine
strategy, which used nine different study designs. Table 5 lists the identified trial designs and some
examples of actual trials, which adopted the design.
19
PERMIT has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement N. 874825

Table 1. Trial designs applied to personalised medicine
Trial designs1

Sub-type of trial designs

Variations and other names2

Marker stratified design (1-9)
1) Marker-stratified design
2) Biomarker-stratified design
3) Stratified-Randomised design
4) Stratification design
5) Stratified design
6) Stratified Analysis design
7) Marker by treatment – interaction design
8) Marker-by-treatment interaction design
9) Treatment by marker interaction design
10) Treatment-by-marker interaction design
11) Marker x treatment interaction design
12) Treatment-marker interaction design
13) Biomarker-by-treatment interaction design
14) Non-targeted RCT (stratified by marker) design
15) Genomic Signature stratified designs
16) Signature-Stratified design
17) Randomisation or analysis stratified by biomarker status
design
18) Marker-interaction design

Core designs
Randomise-all

Feature domains3






Subgroup specific design

Biomarker-positive and
overall strategies
Trials allowing to study the
treatment effect both in
biomarker positives and the
overall population

Sequential-subgroup specific design (1)
1) Sequential design
2) Sequential testing
3) Fixed-sequence 2 design
4) Hierarchical fixed sequence testing procedure

Randomise-all

Parallel-subgroup specific design (1)
1) Phase III biomarker-stratified design
Biomarker-positive and overall strategies with parallel
assessment (1)
1) Overall/biomarker-positive design with parallel
assessment
2) Prospective subset design
3) Hybrid design4
Biomarker-positive and overall strategies with
sequential assessment (1,10)
1) Overall/biomarker-positive design with sequential
assessment

Randomise-all
Randomise-all

Randomise-all
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Biomarker
assessment
Biomarkerpositive and
overall
strategies
Randomisati
on
Subgroup
specific

2) Sequential design
3) Fixed-sequence 2 design
4) Hierarchical fixed sequence testing procedure
Biomarker-positive and overall strategies with fall-back
analysis (1)
1) Biomarker-stratified design with fall-back analysis
2) Fall-back design
3) Prospective subset design
4) Sequential design
5) Other analysis plan design
6) Fallback design
Marker sequential test design (1,11)
1) MaST design
2) Hybrid design4
Auxiliary variable–enriched biomarker-stratified design
(AEBSD)5 (12)

Randomise-all

Randomise-all
Randomise-all5

Hybrid design (1,5,13)
1) Mixture design
2) Combination of trial designs
3) Hybrid biomarker design

Randomise-all

Biomarker strategy design with biomarker assessment in the
control arm (1, 3-4, 13)
1) Marker strategy design
2) Biomarker-strategy design
3) Strategy design
4) Marker-based strategy design
5) Marker-based design
6) Random disclosure design
7) Customized strategy design
8) Parallel controlled pharmacogenetic study design
9) Marker-based strategy design I
10) Biomarker-guided design
11) Biomarker-based assignment of specific drug therapy design
12) Marker-based strategy I design
13) Biomarker-strategy design with a standard control
14) Marker strategy design for prognostic biomarkers

Biomarkerstrategy
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Biomarker
assessment
Randomisati
on
Biomarker
assessment
Randomisati
on in the
nonbiomarker
based
strategy arm

Biomarker strategy design without biomarker assessment in
the control arm (1,4-6,8,13,14)
1) Biomarker-strategy design with standard control
2) Direct-predictive biomarker-based
3) RCT of testing
4) Test-treatment
5) Parallel controlled pharmacogenetic diagnostic study
6) Marker strategy
7) Marker-based with no randomisation in the non-marker-based
arm
8) Classical
9) Marker-based strategy
10) Marker strategy design for prognostic biomarkers
Biomarker strategy design with treatment randomisation in the
control arm (1,6,8,13)
1) Biomarker-strategy design with a randomised control
2) Modified marker-based strategy design (for predictive
biomarkers)
3) Biomarker-strategy design with randomised control
4) Marker-based design with randomisation in the non-markerbased arm
5) Marker-based strategy design II
6) Marker-strategy design
7) Augmented strategy design
8) Trial design allowing the evaluation of both the treatment and
the marker effect
Reverse marker based strategy (1,8,15)

Biomarkerstrategy




Biomarkerstrategy




Biomarkerstrategy




Modified biomarker strategy design (3,13,14)
1) Modified marker based strategy design

Biomarkerstrategy




Sequential Multiple Assignment Randomised Trial (SMART)
design (16,17)

Randomise-all
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Biomarker
assessment
Randomisati
on in the
nonbiomarker
based
strategy arm

Biomarker
assessment
Randomisati
on in the
nonbiomarker
based
strategy arm

Biomarker
assessment
Randomisati
on in the
nonbiomarker
based
strategy arm
Biomarker
assessment
Randomisati
on
Control
group
Treatment
tailoring
aspects

Adaptive biomarker design (14)
1) Biomarker adaptive design

Randomise-all





Adaptive strategy for biomarker with measurement error (4)

Randomise-all




Adaptive signature design (9,14,18,19)
1) Two-stage adaptive signature design
2) Adaptive two-stage design
3) Biomarker adaptive signature design

Randomise-all


Adaptive threshold design (14,18,20,21)
1) Biomarker adaptive threshold design
Molecular signature design (18)
Cross-validated adaptive signature design (13,18,19)
Generalized adaptive signature design (14,18)
Adaptive signature design with subgroup plots (18)

Outcome-based adaptive randomisation design (3,4,18,22-25)
1) Adaptive randomisation Bayesian adaptive
2) Bayesian adaptive randomisation
3) Combined dynamic multi-arm
4) Outcome-adaptive randomisation
5) Outcome-based Bayesian adaptive randomisation

Randomise-all
Randomise-all
Randomise-all
Randomise-all
Randomise-all



Randomise-all





Randomise-all



Generic
adaptive
aspects
Biomarker
assessment
Inference
framework
Model

Enrichment



Generic



Bayesian covariate adjusted response-adaptive
randomisation (18)

Adaptive enrichment design



Generic
adaptive
aspects
Biomarker
assessment
PM specific
adaptive
aspects
Generic
adaptive
aspects
Biomarker
assessment
Generic
adaptive
aspects
PM specific
adaptive
aspects
Biomarker
assessment
Inference
framework
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Adaptive threshold
sample-enrichment
design (4,13,14,18,26)
1) Threshold sampleenrichment approach
2) Two-stage sample
enrichment
3) Two stage sampleenrichment design
strategy
4) Two-stages adaptive
threshold enrichment
design
Adaptive patient
enrichment design (35,13,18,19,27-29)
1) Adaptive accrual
2) Adaptive accrual
based on interim
analysis design
3) Adaptive enrichment
4) Adaptive modification
of target population
5) Adaptive population
enrichment
6) Two-stage adaptive
design
7) Two stage adaptive
accrual

Enrichment




Modified Bayesian version of the two-stage design
(4,18)
1) Two-Stage Bayesian design
2) Bayesian adaptive enrichment design

Enrichment

Adaptive design for population selection using
correlated time to event endpoints (30)
Bayesian adaptive patient enrolment restriction
(BAPER) approach (31)
Bayesian hierarchical model for response-adaptive
randomised design (32)

Randomise-all6

Biomarker stratified with a subgroup-focused
sequential design (33)
Stratified adaptive design (18,33,34)
Adaptive stratified design

Randomise-all6

Randomise-all6
Randomise-all6

Randomise-all6
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adaptive
aspects
PM specific
adaptive
aspects
Biomarker
assessment
Inference
framework

Adaptive parallel Simon two-stage design (18,35)
1) Biomarker-adaptive parallel two-stage
2) Adaptive parallel
3) Two-parallel Simon
4) Two-stage design

Randomise-all




Parashar design (34)

Multi-arm multi-stage design (18,36-38)
1) Adaptive biomarker-driven design
2) Adaptive analysis
3) Adaptive multi-stage designs
4) Multi-stage

Randomise-all

Randomise-all




Two-stage adaptive seamless design (4,5,18,22,39)
1) Seamless Phase II/III designs
2) Adaptive Seamless
3) Phase II/III Adaptive design
4) Two-stage Adaptive Seamless design
5) Adaptive Seamless Phase II/III design

Randomise-all

Group sequential design (18)

Randomise-all

Bayesian subgroup based adaptive design (SUBA)
(40,41)

Randomise-all






Tandem two stage design (18)
1) Tandem two-step phase II trial
2) Tandem-two step trial (phase II)
3) Tandem two-step phase 2 trial design
4) Tandem two-step

Randomise-all

Platform design (22,37,38,47,49,42-54)

Master
protocols
Master
protocols



Master
protocols





Open adaptive platform
(55)

Randomised, embedded multifactorial adaptive
platform (REMAP) (22)
Bayesian Adaptive Platform Trial (56)

Closed platform (55)

Generic
adaptive
aspects
Biomarker
assessment

Master
protocols
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Generic
adaptive
aspects
Biomarker
assessment
PM specific
adaptive
aspects
Inference
framework

Generic
adaptive
aspects
Biomarker
assessment
Generic
adaptive
aspects
Control
group
Inference
framework

Basket design
(3,4,27,43,44,47,48,49,50,52,57,58,59,60,61,62,63,64,65,66,67,68,
69,70,71,72,73,74,75,76)

Master
protocols




Randomised basket
design (60,77)

Master
protocols

Non randomised basket
design

Master
protocols

Bayesian basket design (60,78-80)
Sequential basket trial design with Bayesian
monitoring rules (81)
Bayesian latent subgroup trial (BLAST) design for
basket trial (82)
Bayesian hierarchical adaptive design (83)
Basket of basket design (52,65)




Master
protocols
Master
protocols
Master
protocols
Master
protocols
Master
protocols






Umbrella design (3,4,14,27,42,
43,44,47,48,49,50,51,52,57,60,61,62,65,66,67,70,72,74,75,80,84,8
5,86,87,88)

Master
protocols






Randomised umbrella

Biomarker
assessment
Inference
framework
Model
Randomisati
on

Master

26
PERMIT has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement N. 874825

Biomarker
assessment
Inference
framework
Model
Randomisati
on
Biomarker
assessment
Inference
framework
Model
Randomisati
on

design (89)

protocols

Non randomised umbrella
design

Master
protocols
Master
protocols
Master
protocols

Bayesian adaptive umbrella design (90)
Umbrella-basket hybrid (91)






1
2
3
4
5

6

Biomarker
assessment
Inference
framework
Model
Randomisati
on

The names reported listed under the design name header are alternate names for the same trial design.
The trial designs reported in the Variations and other names column were identified in the literature and classified as variations by the research team based on previous classifications (1,18).
The feature domains are referred to the trial designs. The feature domains include the key design features that characterise a trial design for personalised medicine, and that should be carefully
considered when designing a trial. They are reported together with the corresponding detailed features in Table 1 (in the main article).
“Marker sequential test design” and “Biomarker-positive and overall strategies with parallel assessment” are also named as “Hybrid design” in the literature, although they present a different trial design
compared to what we meant as “Hybrid design”
We classified Auxiliary variable–enriched biomarker-stratified design (AEBSD) as Randomise-all because both patients with positive and negative auxiliary biomarkers are randomised to the control and
treatment arm. However, this design enriches the randomized cohort based on an inexpensive auxiliary variable, thereby avoiding testing the true biomarker on all screened patients and reducing
treatment waiting time (92).
These designs first use a Randomise-all design and based on the results of the interim analysis could enrich the population.
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Table. 2 Trial designs classification
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Core designs

Biomarker strategy

Enrichment

Master protocols

Design features
Bayesian

Framework

Frequentist
Disease progression
Model

Longitudinal
Hierarchical
Common/shared

Control group

Contemporaneous
Historical
With treatment randomisation in both
biomarker-positive and biomarker-negative
subgroups
Without treatment randomisation in the
biomarker-negative subgroup

Randomisation

Only for patients with discordant clinical
and genomic risk evaluation
Randomisation in the non-biomarker based

With treatment randomisation

31
PERMIT has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement N. 874825

Randomise-all

strategy arm

Without treatment randomisation
Reverse biomarker strategy
Sequential subgroup specific

Subgroup specific
Parallel subgroup specific
With sequential assessment
With parallel assessment
Biomarker positive and overall strategies

With fall-back analysis
Marker sequential test
With biomarker assessment in the entire
population

Biomarker assessment

Without biomarker assessment in the
control arm
Adaptive enrichment

Personalised medicine (PM) specific
adaptive aspects14

Adaptive signature
Threshold determination
Adding a new arm
Early stopping

Generic adaptive aspects

Interim analysis
Outcome-based adaptive randomisation
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Sample size reassessment
Seamless
Treatment tailoring aspects

Pharmacodynamic biomarker assessment
after run-in phase period
Dynamic treatment regime
PK/PD modeling

Table 3. General characteristics of actual trials in personalised medicine
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Trial design

Clinical
trial1

Recruitment status of clinical trial as for March
2021

Disease area

Phases

Ongoing

Completed

nf2

Unknown3

Cancer

No
cancer

II

II/III

III

IV

n/a4

nf2

n=131
(%)

n=63
(%)

n=60
(%)

n=1
(%)

n=7
(%)

n=113
(%)

n=18
(%)

n=75
(%)

n=13
(%)

n=28 (%)

n=2
(%)

n=12
(%)

n=1
(%)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

Adaptive parallel Simon twostage design

1 (0.8)

0 (0)

1 (1.7)

0 (0)

0 (0)

1 (0.9)

0 (0)

1 (1.3)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

Adaptive patient enrichment
design
Adaptive signature design

4 (3.1)

0 (0)

4 (6.7)

0 (0)

0 (0)

0 (0)

4 (22.2)

0 (0)

0 (0)

4 (14.3)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

Adaptive strategy for biomarker
with measurement error

1 (0.8)

1 (1.6)

0 (0)

0 (0)

0 (0)

1 (0.9)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

1 (8.3)

0 (0)

Adaptive stratified design

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

Adaptive threshold sampleenrichment design
Basket

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

35 (26.7)

19 (30.2)

13 (21.7)

0 (0)

3 (42.9)

34 (30.1)

1 (5.6)

32 (42.1)

0 (0)

2 (7.1)

0 (0)

1 (8.3)

0 (0)

Basket of basket design

1 (0.8)

1 (1.6)

0 (0)

0 (0)

0 (0)

1 (0.9)

0 (0)

1 (1.3)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

Biomarker strategy design with
biomarker assessment in the
control arm
Biomarker strategy design with
treatment randomisation in the
control arm
Biomarker strategy design
without biomarker assessment
in the control arm

3 (2.3)

0 (0)

3 (5.0)

0 (0)

0 (0)

2 (1.8)

1 (5.6)

0 (0)

0 (0)

2 (7.1)

1 (50.0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

4 (3.1)

2 (3.2)

2 (3.3)

0 (0)

0 (0)

0 (0)

4 (22.2)

0 (0)

0 (0)

0 (0)

0 (0)

4 (33.3)

0 (0)

Hybrid design

1 (0.8)

0 (0)

1 (1.7)

0 (0)

0 (0)

1 (0.9)

0 (0)

0 (0)

0 (0)

1 (3.6)

0 (0)

0 (0)

0 (0)

Adaptive biomarker design
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Marker stratified design

15 (11.5)

0 (0)

14 (23.3)

1 (100)

0 (0)

15 (13.3)

0 (0)

0 (0)

0 (0)

14 (50.0)

0 (0)

0 (0)

1 (100.0)

Modified biomarker strategy
design
Multi-arm multi-stage design

3 (2.3)

0 (0)

2 (3.3)

0 (0)

1 (14.3)

3 (2.7)

0 (0)

2 (2.7)

0 (0)

1 (3.6)

0 (0)

0 (0)

0 (0)

7 (5.3)

3 (4.8)

3 (5.0)

0 (0)

1 (14.3)

5 (4.4)

2 (11.1)

4 (5.3)

2 (15.4)

1 (3.6)

0 (0)

0 (0)

0 (0)

Outcome-based adaptive
randomisation design

4 (3.1)

2 (3.2)

2 (3.3)

0 (0)

0 (0)

3 (2.7)

1 (5.6)

2 (2.7)

1 (7.7)

1 (3.6)

0 (0)

0 (0)

0 (0)

Platform

18 (13.7)

13 (20.6)

4 (6.7)

0 (0)

1 (14.3)

14 (12.4)

4 (22.2)

11 (14.7)

4 (30.8)

1 (3.6)

1 (50.0)

1 (8.3)

Reverse marker biased strategy

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

Sequential Multiple Assignment
Randomised trial

1 (0.8)

0 (0)

1 (1.7)

0 (0)

0 (0)

0 (0)

1 (5.6)

0 (0)

0 (0)

0 (0)

0 (0)

1 (8.3)

0 (0)

Tandem two stage design

1 (0.8)

0 (0)

1 (1.7)

0 (0)

0 (0)

1 (0.9)

0 (0)

1 (1.3)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

30 (22.9)

20 (31.7)

9 (15.0)

0 (0)

1 (14.3)

30 (26.5)

0 (0)

19 (25.3)

6 (46.2)

1 (3.6)

0 (0)

4 (33.3)

0 (0)

2 (1.5)

2 (3.2)

0 (0)

0 (0)

0 (0)

2 (1.8)

0 (0)

2 (2.7)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

Umbrella
Umbrella-basket hybrid

1

If the same clinical trial was labelled differently across articles, we considered the trial as example of the design reported in the paper. For instance, I-SPY 2 has been labelled as outcome-based
adaptive randomisation (15), platform (36) or umbrella design (37) and it was considered as an example for each of those trial designs.
2

Not found.

3

Unknown is used to indicate a trial status that has not been verified within the past two years on the Clinicaltrials.gov website.

4

Not applicable is used on the Clinicaltrials.gov website to describe trials without FDA-defined phases including trials of devices or behavioural interventions.

Table 4. Advantages and disadvantages for each trial design
Type of trial

Sub-type of

Variations

Advantages

Disadvantages
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designs
Marker stratified
design

trial designs


This design maximizes the advantage of randomization by
providing unbiased estimates of benefits both across biomarker
categories and for the entire population. (Ahmad2013)



Ability to assess the treatment effect not only in the entire
population but also in each biomarker-defined subgroup. Thus,
this design can find the optimal treatment in the entire population
and in each biomarker-defined subgroup.



An ethical design even in situations where the biomarker is not
useful as no treatment decisions are made based on biomarker
status; all decisions are made randomly. Consequently, if the
biomarkers value is in doubt, this design may be preferred.
(Antoniou2017)



The biomarker-stratified design is only a hypothesisgenerating one and performs poorly when several
treatment options exist because of the issue of multiple
comparisons.




It requires large cohorts. (Ahmad2013)
In situations where there are several biomarkers and
treatments this design may not be feasible as it involves
randomization of patients between all possible treatment
options and may require a large sample size.



May not be feasible when the prevalence of the biomarker
is low.



Might be expensive to test the entire population for its
biomarker status.



Measuring the biomarker up front may be logistically
difficult.



There is no guarantee of balanced groups for analysis.
(Antoniou2017)



By using all patients in one single test, efficiency of testing to
detect difference between the two marker groups is maximized.
(Galanis2010)





Such a design may be fully powered to detect a treatment effect
within each subgroup, thereby precluding false negative results
in a trial sized only to detect an effect in the overall population.





A marker-by-treatment interaction design may be additionally
powered to detect a statistically significant biomarker-bytreatment interaction effect in a regression model for the
endpoint, thereby statistically confirming the predictive ability of
the biomarker.

This approach can be criticized for not providing enough
power for detecting the treatment efficacy in each marker
subgroup individually, depending on the hypothesized
nature of the treatment effects in the marker-defined
groups. (Galanis2010)
"require quite large sample sizes (the included patients or
the screened-but-eliminated patients) because they need
to size the trial either on the difference between the effect
of the treatment in biomarker-positive and -negative
patients (an interaction), or on the effect in all patients,
which is likely to be modest."



“potentially highly inefficient” (Kaplan2015)



Enrolls and treats all eligible patients
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Ability to validate individual predictive marker (Renfro 2016)



Permits establishing utility of the treatment and test (Simon
2010)



“Type I error rate inflation” (Ondra 2015)



A marker-by-treatment interaction design often requires a
relatively large sample size, as its structure resembles
multiple randomized trials conducted in parallel. (Renfro
2016)
Requires a single biomarker and cut-point to be defined in
advance




Subgroup
specific design

Sequentialsubgroup
specific design



Allows for the estimation of treatment effect in biomarker-positive
and biomarker-negative subgroups.



Preserves the overall type I error rates and allows for a smaller
sample size than the parallel version mentioned below.



Considered as the best direct evidence for clinical decision
making as it tests the treatment effectiveness in both the
biomarker-positive and biomarker-negative subset in a
sequential way.



Do not require larger sample size than the overall/biomarkerpositive designs when the prevalence of the biomarker-positive
patients is small. (Antoniou2017)





Requires a sample size large enough to evaluate
treatment in test negatives and test positives separately
(Simon 2010)
Has less power when there is homogeneity of treatment
across the different biomarker defined subgroups as
compared to the overall/biomarker-positive designs
Need a much larger sample size than the
overall/biomarker positive designs if we assume that the
treatment effect is relatively homogeneous across the
biomarker-defined subsets. (Antoniou2017)
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Parallelsubgroup
specific design

Biomarkerpositive and
overall
strategies

Biomarkerpositive and
overall strategies
with parallel
assessment

Biomarkerpositive and
overall strategies
with sequential
assessment



Allows for the estimation of treatment effect in biomarker-positive
and biomarker-negative subgroups.



Has less power when there is homogeneity of treatment
across the different biomarker defined subgroups as
compared to the overall/biomarker-positive designs.



Do not require larger sample size than the overall/biomarkerpositive designs when the prevalence of the biomarker-positive
patients is small. (Antoniou2017)



Allocates the overall level a between the two biomarkerdefined subgroup tests which means that it will be more
difficult to achieve statistical significance in the biomarkerpositive subgroup. (Antoniou2017)



Can control the overall type I error a.





Can require smaller sample size as compared to the subgroupspecific designs, especially when we assume that the novel
treatment equally benefits both biomarker-defined subgroups.
(Antoniou2017)

Can be overly conservative as in the SATURN trial
because of the correlation between the test of treatment
effect in the overall study population and in the biomarker
subgroups.



Cannot control the probability of rejecting the null
hypothesis of no treatment effect in the biomarkernegative subset when the treatment benefit is restricted to
biomarker-positive patients. Consequently, there is a high
risk of inappropriately recommending the novel treatment
for biomarker-negative patients due to the large treatment
effect in biomarker-positive subset. (Antoniou2017)



Can control the overall type I error a.



Can be problematic for determining whether the treatment
is beneficial in the biomarker-negative subgroup.



Can require smaller sample size as compared to the subgroupspecific designs, especially when we assume that the novel
treatment equally benefits both biomarker-defined subgroups.
(Antoniou2017)



Cannot control the probability of rejecting the null
hypothesis of no treatment effect in the biomarkernegative subset when the treatment benefit is restricted to
biomarker-positive patients. Consequently, there is a high
risk of inappropriately recommending the novel treatment
for biomarker-negative patients due to the large treatment
effect in biomarker-positive subset. (Antoniou2017)
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Biomarkerpositive and
overall strategies
with fall-back
analysis

Marker
sequential test
design



Can assess the treatment effect in the biomarker-positive
patients, if no benefit is detected in the overall population.



Can control the overall type I error a.



Can require smaller sample size as compared to the subgroupspecific designs, especially when we assume that the novel
treatment equally benefits both biomarker-defined subgroups.
(Antoniou2017)



Can provide clear evidence of treatment benefit in the
biomarker-positive subgroup and in the biomarker-negative
subgroup.



Enables sequential testing of the treatment effect in the entire
study population and in the biomarker-defined subgroups to
restrict testing of the treatment effect in the entire population
when there is no significant result in the biomarker-positive
subset, while controlling the appropriate type I error rates.



Results in higher power as compared to the sequential
subgroup-specific design in cases where the treatment effect is
homogeneous across the biomarker-defined subgroups.



Preserves the power in situations where the treatment effect is
restricted only to the biomarker-positive patients and at the same
time it controls the relevant type I error rates.



Control the type I error rate for the biomarker-negative subgroup
over all possible prevalence values.



The probability of erroneously concluding that the novel
treatment is beneficial for the entire population when the global
effect is driven by the biomarker-positive patients is minimized
since the design only tests the treatment effect in the entire
population when no significant effect is detected in the
biomarker-positive subgroup. (Antoniou2017)



Cannot control the probability of rejecting the null
hypothesis of no treatment effect in the biomarkernegative subset when the treatment benefit is restricted to
biomarker-positive patients. Consequently, there is a high
risk of inappropriately recommending the novel treatment
for biomarker-negative patients due to the large treatment
effect in biomarker-positive subset.



Can be problematic for determining whether the treatment
is beneficial in the biomarker-negative subgroup.
(Antoniou2017)



In situations where biomarker status is not available for
some of the patients included in the study, this design can
either exclude these patients or include them in the global
test, however, further statistical adjustments might be
required in that case.



Does not decrease the sample size of the study as it was
developed in order to increase the power compared to the
sequential subgroup-specific design in situations where
the novel treatment benefits equally both biomarkernegative and biomarker-positive patients. (Antoniou2017)
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Hybrid design

Biomarker
strategy design
with biomarker
assessment in
the control arm



The feasibility of a prognostic biomarker can be tested.



Allows for better risk assessment and improved individualized
treatment since it assigns patients to treatments based on risk
assessment scores instead of their biomarker status (biomarkerpositive and biomarker-negative patients). (Antoniou2017)



This design compensates the disadvantage from enrichment
design; in this hybrid design, the treatment effect of intervention
therapy in predicted responsive biomarker group can be
compared with treatment effect of control arm in both the
biomarker positive and negative population.



Have a comprehensive investigation for treatment effect in either
biomarker positive or negative trials (Lin2015)



Biomarker can be validated without including all possible
biomarker treatment combinations as in the non-biomarkerbased arm all patients receive only the control treatment.



Have the option of testing the biomarker status of patients in the
non-biomarker-strategy arm which can aid secondary analyses.



Able to inform us whether the biomarker is prognostic.



Can be expanded to investigate several biomarkers and
treatments. Additionally, these designs can be attractive when
evaluating multiple biomarkers or the predictive value of
molecular profiling between several treatment options is to be
assessed.





Logistically might be hard to implement due to the intricate
nature may subject to biased sample or randomization
without proper adjustment (Lin2015)



Unable to inform us whether the biomarker is predictive as
these designs are able to answer the question about
whether the biomarker-based strategy is more effective
than standard treatment, irrespective of the biomarker
status of the study population.



The evaluation of the true biomarker by treatment effect is
not possible as the biomarker-positive patients receive
only the experimental treatment and not the alternative
treatment (control treatment). Consequently, this design
cannot detect the case in which the control treatment
might be more beneficial for the entire population.



In case that the number of biomarker-positive patients is
very small, then the treatment received will be similar in
biomarker-strategy arm and non-biomarker strategy arm.
Consequently, the trial might give little information
regarding the efficacy of the experimental treatment or it
might not be able to detect it. As a result, this type of
design should be used when there is an adequate number
of biomarker-positive and biomarker-negative patients.



Unable to compare directly experimental treatment to
control treatment as the aim is to compare not the
treatments but the biomarker-strategies.

Might be used more frequently in the future due to the wide
variety of molecular biomarkers, complexity of gene expression
arrays, and several treatments directed at similar targets.
(Antoniou2017)
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Biomarker
strategy design
without
biomarker
assessment in
the control arm



In the biomarker-strategy trials, patients are randomized to
treatment strategies, instead of treatments. This feature permits
direct comparison of the outcomes of a biomarker based
strategy versus those in a strategy of control treatment for all.



In biomarker-strategy designs, there are biomarker-positive and
-negative patients who are treated with the control treatment, so
one can assess prognostic capacity of the biomarker in all three
subtypes. (Tajik2013)
Galanis et al. (2011) stated that these designs can be attractive
when evaluating multiple biomarkers or the predictive value of
molecular profiling between several treatment options is to be
assessed. Also, Freidlin and Korn (2010) claimed that these
biomarker-strategy designs should be used only if researchers
want to evaluate a complex biomarker-guided strategy with a
variety of treatment options or biomarker categories.





Biomarker can be validated without including all possible
biomarker treatment combinations as in the non-biomarkerbased arm all patients receive only the control treatment.



Less efficient designs than biomarker-stratified designs
and a poor substitute for clinical trials which aim to
compare the experimental treatment to control treatment,
since it is possible for some patients in both the
biomarker-based strategy arm and non-biomarker-based
strategy arm to be assigned to the same treatment (due to
the existence of biomarker-negative patients in both
strategy arms the treatment effect can be diluted).
Consequently, as a large overlap of patients receiving the
same treatment might have occurred, the comparison of
the two biomarker-strategy arms results in a hazard ratio
which is forced towards unity, i.e., no treatment effect
exists as the effect of experimental versus control
treatment is diluted by the biomarker-based treatment
selection. For this reason, a large sample size is needed
to detect at least a small overall difference in outcomes
between the two biomarker-strategy arms.



Should be used only if you want to evaluate a complex
biomarker-guided strategy with a variety of treatment
options or biomarker categories. (Antoniou2017)
A limitation of biomarker-strategy trials is that
assessments are restricted to a prespecified biomarkertreatment combination strategy and they cannot be used
for further identification or validation of other biomarkers.
(Tajik2013)





Criticized for their potential cost increase due to the fact
that patients without predicted responsive biomarker are
double enrolled in the trial (biomarker-negative patients
receive control treatment in both strategy arms).



Biomarker-positive
and
biomarker-negative
subpopulations might be more imbalanced as compared
with the first type of biomarker-strategy design due to the
fact that the randomization to different treatment strategies
is performed before the evaluation of the biomarker status
(balancing the randomization is useful to ensure that all
randomized patients have tissue available). This can
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Have the option of testing the biomarker status of patients in the
non-biomarker-strategy arm which can aid secondary analyses.



Able to inform us whether the biomarker is prognostic.
(Antoniou2017)

happen especially when the number of patients is very
small.


Unable to inform us whether the biomarker is predictive as
these designs are able to answer the question about
whether the biomarker-based strategy is more effective
than standard treatment, irrespective of the biomarker
status of the study population.



The evaluation of the true biomarker by treatment effect is
not possible as the biomarker-positive patients receive
only the experimental treatment and not the alternative
treatment (control treatment). Consequently, this design
cannot detect the case in which the control treatment
might be more beneficial for the entire population.



In case that the number of biomarker-positive patients is
very small, then the treatment received will be similar in
biomarker-strategy arm and non-biomarker strategy arm.
Consequently, the trial might give little information
regarding the efficacy of the experimental treatment or it
might not be able to detect it. As a result, this type of
design should be used when there is an adequate number
of biomarker-positive and biomarker-negative patients.



Unable to compare directly experimental treatment to
control treatment as the aim is to compare not the
treatments but the biomarker-strategies.



Less efficient designs than biomarker-stratified designs
and a poor substitute for clinical trials which aim to
compare the experimental treatment to control treatment,
since it is possible for some patients in both the
biomarker-based strategy arm and non-biomarker-based
strategy arm to be assigned to the same treatment (due to
the existence of biomarker-negative patients in both
strategy arms the treatment effect can be diluted).
Consequently, as a large overlap of patients receiving the
same treatment might have occurred, the comparison of
the two biomarker-strategy arms results in a hazard ratio
which is forced towards unity, i.e., no treatment effect
exists as the effect of experimental versus control
treatment is diluted by the biomarker-based treatment
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The design gives the advantage of possibly comparing the
validity of the companion testing assay as well as identifying
putative prognostic biomarkers. (Lin2015)







Enrolls and treats all eligible patients (Renfro2016)



In the biomarker-strategy trials, patients are randomized to
treatment strategies, instead of treatments. This feature permits
direct comparison of the outcomes of a biomarker based
strategy versus those in a strategy of control treatment for all.



In biomarker-strategy designs, there are biomarker-positive and
-negative patients who are treated with the control treatment, so
one can assess prognostic capacity of the biomarker in all three
subtypes. (Tajik2013)



selection. For this reason, a large sample size is needed
to detect at least a small overall difference in outcomes
between the two biomarker-strategy arms. (Antoniou2017)
One common critique for this design is that the patients in
the cohort without predicted responsive biomarker are
double enrolled in the study, which potentially increases
cost.
Another potential disadvantage of this biomarker strategy
design, especially with smaller sample size, is the
potential imbalance in the sub-populations, as the
randomization has been taken place before the biomarker
testing. (Lin2015)
Although the marker strategy design is regarded by some
as gold standard, it is often inefficient because many
patients may receive the same treatment regardless of
which group they are randomized to.



In order to have reasonable statistical power to detect the
differences in outcome among the two randomization
groups as a whole, a very large number of patients may
have to be randomized.



The marker strategy design may also be poorly
informative in cases where the test is not just binary and
the test-based treatment strategy is complex.
(Simon2010)
A limitation of biomarker-strategy trials is that
assessments are restricted to a prespecified biomarkertreatment combination strategy and they cannot be used
for further identification or validation of other biomarkers.
(Tajik2013)



43
PERMIT has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement N. 874825

Biomarker
strategy design
with treatment
randomization
in the control
arm



These designs have the ability to inform researchers about the
potential superiority of the control treatment in the whole
population or among a particular biomarker-defined
subpopulation.



Able to inform us whether the biomarker is prognostic or
predictive.



Allow clarification of whether the results which indicate efficacy
of the biomarker-directed approach to treatment are caused due
to a true effect of the biomarker status or to an improved
treatment irrespective of the biomarker status.



Galanis et al. (2011) stated that these designs can be attractive
when evaluating multiple biomarkers or the predictive value of
molecular profiling between several treatment options is to be
assessed. Also, Freidlin and Korn (2010) claimed that these
biomarker-strategy designs should be used only if researchers
want to evaluate a complex biomarker-guided strategy with a
variety of treatment options or biomarker categories.
(Antoniou2017)



In the biomarker-strategy trials, patients are randomized to
treatment strategies, instead of treatments. This feature permits
direct comparison of the outcomes of a biomarker based
strategy versus those in a strategy of control treatment for all.



In biomarker-strategy designs, there are biomarker-positive and
-negative patients who are treated with the control treatment, so
one can assess prognostic capacity of the biomarker in all three
subtypes.



Addition of a randomization to the control arm of a biomarkerstrategy trial allows direct comparison with a strategy of
experimental treatment for all. (Tajik2013)



Generally require a larger sample size as compared to the
marker-stratified designs.



Less efficient designs than biomarker-stratified designs
and a poor substitute for clinical trials which aim to
compare the experimental treatment to control treatment,
since it is possible for some patients in both the
biomarker-based strategy arm and non-biomarker-based
strategy arm to be assigned to the same treatment (due to
the existence of biomarker-negative patients in both
strategy arms the treatment effect can be diluted).
Consequently, as a large overlap of patients receiving the
same treatment might have occurred, the comparison of
the two biomarker-strategy arms results in a hazard ratio
which is forced towards unity, i.e., no treatment effect
exists as the effect of experimental versus control
treatment is diluted by the biomarker-based treatment
selection. For this reason, a large sample size is needed
to detect at least a small overall difference in outcomes
between the two biomarker-strategy arms. (Antoniou2017)



“a biomarker-strategy design with treatment randomization
in the control arm seems a very attractive option, allowing
for direct estimation of all biomarker-related effects, yet
this feature might come at the cost of a large sample size”
(Tajik2013)
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Reverse marker
based strategy

Modified
biomarker
strategy design



“It allows the sponsor to test and estimate the treatment effect of
the experimental treatment without a biomarker-guided
treatment strategy” (Ondra 2015)





Can estimate directly the marker-strategy response rate.





Allows the estimation of the effect size of the experimental
treatment compared to the control treatment for each biomarkerdefined subset separately.



There is no chance that the same treatment will be tailored to
biomarker-positive patients who are randomized either to the
biomarker-based strategy arm or the reverse marker strategy.
Also, there is no possibility of the same treatment assignment to
biomarker-negative patients who are randomly assigned to the
two biomarker-based strategy arms.



It has been demonstrated by Eng (2014) that this new type of
design is more than four times more efficient for testing the
interaction between treatment and biomarker compared to
Biomarker-strategy design with biomarker assessment in the
control arm, Biomarker-strategy design with randomization in the
control arm and the marker stratified design. (Antoniou2017)



“effect size of the experimental treatment compared to the
control is easily estimated for each subgroup separately”. (Ondra
2015)



the reverse biomarker-based design cannot address the
question if a treatment strategy that does not require the
determination of the biomarker status (which may, e.g.,
delay treatment) would be superior to the biomarkerguided treatment strategies. (Ondra 2015)



Can include multiple tumor types





Overlap between the marker based and the non-marker
based arms can result in large sample size (Renfro2016)

Tests for overall strategy, and not for individual marker-treatment
pair (Renfro2016)

“may require a larger sample size because some of the
biomarker-negative patients in the randomization arm also
receive the control treatment and some of the biomarkerpositive patients the experimental treatment. This leads to
a diluted treatment effect and may result in lower
statistical power” (Ondra 2015)
It has been claimed by Baker (2014) that other designs
than the reverse marker-based strategy are more
appropriate in order to investigate questions which include
both treatment effect of biomarker-defined subgroups and
the biomarker strategy treatment effect. These designs
should allow the estimation of treatment effects within
biomarker-defined subgroups as well as the estimation of
the global treatment effect. (Antoniou2017)
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Adaptive
biomarker
design
Adaptive
strategy for
biomarker with
measurement
error
Adaptive
signature
design



“assures that an adequate number of patients are studied, that
assay results are available on all patients, that the analysis is
focused on a single prespecified hypothesis and that assay
results reflect real-world tissue handling and laboratory
variation.” (Simon2010)



“such studies are expensive and time consuming.”
(Simon2010)



Does not require that a single biomarker be defined in advance
(Simon2010)



Requires that each biomarker has a defined cut-point



Increased sample size required (Simon2010)
n/a



Larger sample size may be required, especially when
there is small difference between biomarker negative and
biomarker-positive patients.



Can limit its power when testing the treatment
effectiveness in the biomarker-positive subgroup as half of
patients are used for signature development and half for
validation of the biomarker.



Treatment comparisons can only performed when the
study is completed. (Antoniou2016)



Increased complexity to avoid type I error inflation due to
multiplicity



Large sample size may need as only half patients used for
development or validation of signature from a large
number of potential biomarkers (Shah2017)

n/a












Identification of optimal group of patients which benefit the most
from a specific treatment.
Identification and validation of candidate biomarker in a single
trial.
Avoids inflation of type I error rate as it does not use the
individuals on which the predictive signature was developed in
order to test the treatment effect.
Rapid and efficient approval of the novel treatment.
No modifications in randomization weights or in eligibility criteria
are made, consequently, it avoids any statistical adjustment
needed to ensure that there is no introduction of bias.
(Antoniou2016)
Combines test of overall treatment effect with identification and
validation of a biomarker signature for sensitive patient
population
Ability to de-risk losing the label of broader population
(Shah2017)
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Adaptive
threshold design

Molecular
signature design

Enables the test to be determined based on randomized data for
patients included in the pivotal trial (Simon2010)

“ability to de-risk losing the label of broader population”
(Zhang2017)



Limited power for testing treatment effectiveness in the
signature-positive subset



Requires expression profiling of trial patients (Simon2010)



“risks of false positive findings”



“sample size of the design is usually not large enough for
strong control of false positive discovery rate or familywise error rate”



“large sample size may be needed to adequately power
the trial” (Zhang2017)



Validation of a candidate biomarker without need for an
established cut-off point.



Requirement of a pre-specified biomarker for sensitivity,
but not an established cut-off point.



Identification of an optimal cut-off point for detecting sensitive
patients (i.e., biomarker-positive patients).



Data from the same study to both define and validate the
cut-off point of the biomarker may raise concerns.



Detection of overall treatment effect if one exists.





Statistically valid test if treatment benefit is restricted to a
biomarker-defined subgroup.

Augmented costs due to the potential sample size
increase and/or redundant power by partitioning the
overall type I error. (Antoniou2016)



Reduces dependence on Phase II data for establishing a test
cut-off point.



More efficient design as compared to the traditional design (i.e.,
standard broad eligibility Phase III design based on assessing
the global treatment effect in the overall population when the
proportion of sensitive patients is low). (Antoniou2016)



Considered as a promising strategy for drug development as it
takes advantage of the use of an end-point with clear clinical
gain (Antoniou2016)

n/a
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Cross-validated
adaptive
signature design

Generalized
adaptive
signature design





Same challenges as the Adaptive signature design.



Multiplicity problem for statistical testing as the statistical
test would be conducted twice. (Antoniou2016)



Can detect the subset of patients most likely to respond to a
specific treatment in a more reliable way. (Antoniou2016)



An cross-validation extension of adaptive signature design use
entire study population for signature development and validation
enhanced efficiency (Shah2017)



Increased complexity to avoid type I error inflation due to
multiplicity difficulty in interpreting the significant results in
sensitive subgroup (Shah2017)



The cross-validation approach can considerably enhance the
performance of the adaptive signature design as it permits the
maximization of information contributing to the development of
the signature, particularly useful in the high-dimensional data
setting where the sample size is limited.



However, since the signature for classifying sensitive
patients in each subsample is developed using different
training subset, it may be difficult to interpret the results if
a significant treatment effect is identified in the sensitive
subgroup. (Zhang2017)



Cross-validation also maximizes the size of the sensitive patient
subset used to validate the signature. (Zhang2017)
Optimizes the test based on randomized data for patients in the
Phase III setting. (Antoniou2016)



Limits its power when testing the effectiveness of an
experimental treatment in the biomarker-positive
subgroup. (Antoniou2016)



Limited power for testing treatment effectiveness in the
test-positive subset (Simon2010)





Adaptive
signature design
with subgroup
plots

Gain more power as it could maximize the number of individuals
taking part in the development of the biomarker signature.

Enables the test to be optimized based on randomized data for
patients included in the pivotal trial (Simon2010)
n/a

n/a
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Outcome-based
adaptive
randomization
design



Smart, novel, and ethic approach



Permits updating patient's outcome (it uses the accumulated
information in order to assign patients to different treatment
arms; the arm which seems to benefit the study population the
most, is composed of the higher proportion of randomized
individuals).



Can result in high probability of success of the trial as there is
increase in the number of patients who receive effective
treatments.



In the Bayesian perspective, Type I and II errors can be
controlled by carefully calibrating the design parameters.



Can boost patient's ethics as patients are assigned to the best
available therapy. (Antoniou2016)



These adaptive studies are not designed to produce definitive
results; rather, they efficiently identify combinations of
biomarkers and interventions for evaluation in phase III trials.
(Johnson2012)



Bayesian adaptive designs provide the flexibility needed to
continually incorporate new knowledge into an ongoing trial to
keep the trials relevant to current treatment landscape which can
shorten the drug development process. (Le-Rademacher2018)



the outcome-adaptive randomization scheme allows us to adjust
the randomization probability as the data accumulate during the
trial



Consequently, future patients can be assigned to better
treatments with higher probability according to their biomarker
profiles. Thus, the design enhances individual ethics.



Better estimation of the treatment effect can be achieved when a
larger sample size is achieved by assigning more patients to



Complexity in terms of building-up the trial design, conduct
and analysis of the trial.



Can make incorrect decisions in case of incorrect
biomarker selection as the design is based on the
accumulated data about how well the biomarker performs.



Requirement of relatively short biomarker and endpoint
assessment (quick testing of the biomarker is required in
order to avoid incorrect decision regarding the assignment
of patients and rapid assessment of outcome to
randomize adaptively according to the updated outcome.)



Likely to introduce bias due to time trends in the
prognostic mix of individuals enrolled to the study (e.g.,
less frail individuals considered for the trial after some
point due to toxicity concerns). (Antoniou2016)



The results of outcome-adaptive trials can be biased due
to the imbalance in prognostic factors across arms early in
the trial.



The unequal sample size across arm can lead to
inefficiency with trial design and there is a potential to
have more patients on a worse treatment arm on
occasions. (Le-Rademacher2018)
prone to experience a study population drift (Liu2015)
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more effective treatments in patients with the corresponding
predictive markers.




Strong scientific rationale, and preliminary evidence for the
molecular marker-drug pairing



Reliable assay, with rapid turn-around times



Short term, reliable endpoint to make the adaptation meaningful



Sufficient infrastructure set up and real time data availability
(Renfro2016)
it would enable the study of multiple drugs simultaneously in a
phase 2 trial, increasing the chances that at least one drug being
tested will improve outcomes while reducing the time and costs
needed to evaluate them individually by “learning” which ones
are superior during the phase 2 trial and will have high likelihood
of success in future phase 3 trials.





Bayesian
covariate
adjusted
responseadaptive
randomization

enhances the patient comparability in contrast to the sequentially
conducted multiple single-arm phase II trials. (Liu2015)
Adapts sample size during trial (Renfro2016)



The use of response adaptive randomization (RAR) instead of
fixed randomization ratios underscores a focus on identifying the
best-performing arm, instead of expending resources to rank all
arms from worst to best performance. (Talisa2018)
Ability to incorporate prior knowledge from biomarkers into the
design.



Identification of the subgroups for
experimental treatment is more effective.



Can result in reduction of the number of patients required when
compared to alternative designs (i.e, non-adaptive trial designs).



Solves the issue of the incorporation of information of multiple
and possibly correlated biomarkers. (Antoniou2016)

which

a

particular



The Type I error is not controlled in the traditional sense.



An independent Phase III study focused on the selected
biomarker-defined subgroups is required to show that the
identified
promising
result
is
definitely
true.
(Antoniou2016)
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Adaptive
enrichment

Adaptive
threshold
sampleenrichment
design

Adaptive patient
enrichment
design



More cost-effective as it avoids further recruitment of patients
when there is no difference in treatment outcome among the
biomarker-defined subgroups.



Researchers can use the data which was accumulated during
the first stage of the study to proceed with further investigation of
any other potential assumption made at the start of the trial.
(Antoniou2016)



Combines test of overall treatment effect with the establishment
and validation of a cut point for a pre-specified biomarker



Increased efficiency (Shah2017)



Permits establishing utility of the treatment and test



Reduces dependence on Phase II data for establishing a test
cut-point (Simon2010)



Can detect a particular biomarker defined subgroup most likely
to respond to the novel treatment, thus the efficiency of study
design can be increased.



Can gain more power than a fixed study design under the
scenario that the genomic biomarker is predictive of treatment
effect (i.e., the value of effect size indicates that there is
treatment effect in the biomarker-defined subgroup, e.g.
the value of 0.4) than in the case where the genomic biomarker
is prognostic (i.e., the scenario where we assume that the value
of effect size is zero). (Antoniou2016)



Cannot work if there is no information about a subset of
patients for whom the novel treatment is more effective
than others before the beginning of the trial.
(Antoniou2016)



Increase complexity to avoid type I error inflation due to
multiplicity (Shah2017)



Requires a single biomarker (but not cutpoint) to be
defined in advance (Simon2010)



Can be quite complex.



Can result in biased treatment effect estimates.



Criticised as a design without satisfactory operating
characteristics in real practice with a lack of
generalizability and information in subgroups which are
excluded.



May augment the duration of the trial depending on the
prevalence of the biomarker for the biomarker-defined
subgroup which continues to full accrual due to
recruitment of many more biomarker-positive patients.



Requirement of an appropriate futility boundary and rapid
and reliable clinical endpoint.



Conservativeness of futility boundaries as the futility
boundary is set to be in the region in which the observed
efficacy of the standard of care is greater than that for the
experimental treatment.
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The adaptive feature provides the advantage of reducing the risk
to expose non responsive patients under unnecessary hazard
side effects, while maintaining sufficient statistical power to
detect treatment effect in adequate population.
The other prominent advantage adaptive enrichment design has
is the minimum assumption the investigator has to make before
the trial starts: that the validity of the assumption can be justified
using the interim data from the first stage. (Lin2015)



Assumes complete confidence in the biomarker.




Early termination of the entire trial is not permitted.
(Antoniou2016)
require a larger sample size



can be logistically more complex



Subpopulation definitions must be prespecified in the
study protocol if they are to be considered as part of the
primary analysis in a confirmatory clinical trial.



Fast enrollment rates and long delay times before
outcomes are observed may lead to insufficient
information
available
at
interim
analyses.
(Rosemblum2017)



The adaptive enrichment approach can also be used when there
are multiple candidate biomarkers. (Mandrekar2015)



Increased complexity to avoid type I error inflation due to
interim adaptations and multiplicity (Shah2017)



capability of restricting enrollment to such a subpopulation if
early data indicate that the complementary population is not
benefiting



increases the complexity of the trial



Statistically, a challenge of using adaptive accrual design
relates to type I error control. There are several sources
that could contribute to potential type I error inflation,
including the potential enrichment of the accrual
population with sample size modification as well as the
adaptive selection of the hypotheses that to be tested at
the final stage.



Another point that is worth to note is that adaptive accrual
design is generally considered as “not well understood”
design, thus adequate communications with the regulatory
agency are required to reach up-front agreement.
(Zhang2017)







potential to improve power for detecting subpopulation treatment
effects (Rosemblum2017)
Allows interim modification of patient population to accrual,
higher probability of trial success, enhancement of benefit-risk
relationship (Shah2017)

Thus adaptive enrichment strategies present a potential
advantage by incorporating mechanisms to adapt to the
presence of heterogeneity of treatment effect (THE) if evidence
for it mounts over the course of the trial. (Talisa2018)
The adaptive accrual design provides large flexibility as of
allowing
population
enrichment
and
sample size re-estimation, while at the same time, increases the
complexity of the trial. (Zhang2017)
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Modified
bayesian version
of the two-stage
design

Stratified
adaptive design



Can incorporate prior belief regarding the strength of biomarker
into the Phase III setting using a Bayesian framework and
simultaneously protecting the study population and minimizing
the Type I error in the biomarker-positive and biomarkernegative subgroups



Can terminate the study early according to whether the
treatment is effective or not in the biomarker-positive subgroup
at the interim stage whereas the main design by Wang et al.
(2007) does not allow for early termination of the trial.



Satisfactory power for testing the biomarker-positive subgroup.



Enables the reduction of number of biomarker-negative patients
for whom a particular treatment tailored to them seems to be
ineffective according to biological evidence.



The utilized Bayesian formulation sheds light on the nature of
inference at the end of the study.



Can result in reduction of costs of clinical development.
(Antoniou2016)
Can avoid unethical studies in patients for whom the novel
treatment is not effective as it allows for the identification of
efficacy which is limited to a particular biomarker-defined
subgroup.





The trial can continue to Phase III only with a subgroup which is
proven to benefit from the experimental therapy and not with the
entire population.



Less numbers of individuals for whom the novel treatment is not
effective will be tailored to toxic treatments.



Permits the identification of the actual treatment benefit in at
least one biomarker-defined subgroup.



Avoids the termination of tailoring a novel treatment due to
treatment effect dilution in the entire population.

n/a

n/a

Permits early stopping of efficacy or inefficacy. (Antoniou2016)
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Adaptive
parallel Simon
two-stage
design

Multi-arm multistage design



May reduce the required sample size.





May augment the efficiency of the trial as it allows for early
understanding that a particular experimental treatment is
beneficial in a specific biomarker defined subgroup.

Does not allow early termination of the trial for efficacy in
biomarker defined subgroups during the first stage of the
trial. (Antoniou2016)





Straightforward and simple strategy with reasonable operating
characteristics. (Antoniou2016)

It has the disadvantage that an arm may appear superior
to the other within a Phase II trial, but is actually inferior to
standard therapy. (Bradbury2011)



Promising treatments are tested concurrently using a smaller
number of patients as some treatments arms can be dropped
early for futility.



High setting-up time due to the complexity caused by
logistic issues and collection of experimental drugs from
different
companies.



Reduced costs and time as they assess multiple treatments
simultaneously.





Operational challenges regarding the randomization and
the modifications of allocation ratios after the performance
of an interim analysis. (Antoniou2016)

Preferable to continue with the investigation of promising
treatments as compared to the conduct of separate single-arm
phase II clinical trials.



The simultaneous assessment of multiple experimental
treatments increases the chance of identifying a promising
treatment.



It is unlikely that the trial will stop for futility as multiple
experimental treatments are tested and hence, it is not likely that
all experimental arms will be ineffective and dropped.



Can ease the regulatory and administrative burden as compared
to
building
up
separate trials.



Unpromising experimental arms can be dropped in a quick and
reliable way. (Antoniou2016)
This newly recognised capability to incorporate new treatment
developments within a running MAMS type trial is now viewed as
a further key advantage of the MAMS design. (Kaplan2015)



The key challenge to implementing precision medicine in
metastatic prostate cancer is spatial heterogeneity, as this
has the potential to introduce sampling bias. (Gilson2017)
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Two-stage
adaptive
seamless design



The evaluation of each experimental therapy can be performed
without requiring the conduct of separate large-scale Phase II
trials.



Flexibility and efficiency of trials can be increased.



Individuals from both explanatory and confirmatory stages are
used in the definitive analysis; hence, the design avoids
‘wasting’ individuals already registered in Phase II setting.



Diminishes the potential loss of time between the completion of
Phase II stage and the beginning of patient enrollment in Phase
III setting.



The same standard of care can be used in both stages of the
study.



Can result in the same quality of evidence as in a traditional
design
but
with
a
smaller
number
of
patients.



Can result in the speedup of drug development and also in a
successful Phase III trial.



More efficient due to the improved power and the ability to
control the Type I error as compared with the conduct of
separate studies.



The required power of both individual studies may be acquired
by using a smaller number of patients than that of a single study.



Two separate trials (Phase II and Phase III) are conducted under
one single trial protocol, but in reality, researchers analyze them
separately using data from each stage, resulting in this way in
savings of time and cost. (Antoniou2016)



A significant concern is that the results obtained from the
Phase II analysis, which becomes an interim analysis of
the Phase III study should remain in the hands of the data
monitoring
committee
due
to
confidentiality.



Concerns also arise regarding the efficiency and validity of
such a trial design.



Sometimes, the endpoints within the different phases are
dissimilar, hence, a decision is required on how to
combine the data obtained from both stages in order to
use them in the definitive analysis. This challenge is
further discussed in the paper of Chow et al. (2007).



According to the Draft Guidance by U.S. Food and Drug
Administration (2010), an adaptive seamless phase II/III
design is described as a less well-understood design
which may introduce bias and inflation of the Type I error
rate.



Calculation and allocation of the necessary sample size
for the two separate studies. (Antoniou2016)
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Group
sequential
design

Tandem two
stage design

Platform



Researchers do not have to choose the cut-off points which
should be used to designate the biomarker classes until the
performance of the first interim analysis.



Non-promising treatments can be dropped at an early stage.
(Antoniou2016)



Although the two stages could be run separately, i.e. one for the
biomarker-positive subgroup and the other for the unselected
patients,
the
performance
of
the
study in this way can increase the duration and costs of the trial.
Consequently, it will be better to run the study in just one trial so
as to have a more seamless study.



Allow estimating response rates not only in the unselected
biomarker-defined patients (entire population) but also in the
biomarker-positive subset.



Identify whether the experimental treatment is beneficial in the
entire population, and if it is not, then can test whether the
candidate predictor can enrich the responding population.



Allow for simultaneous testing of multiple different biomarkers for
the same treatment in a single parallel multi-arm trial.
(Antoniou2016)
By including patients with both newly diagnosed and recurrent
tumors and accounting for their presentation in a statistical
model, the trial design will facilitate integration of knowledge that
might have otherwise been disparate.





These trials may incorporate common control arms for
meaningful endpoints, a fluid infrastructure for adding or
dropping experimental arms, and an ability to use data as it is
available during the trial to alter decision-making in a
prespecified manner.



"adaptive randomization within biomarker-defined subgroups,
and the ability to address multiple hypotheses in a single trial
protocol."



"cut years from the drug development process and substantially

n/a



“more upfront planning and complexity than a single trial”
(Heerspink2018)
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reduce cost."


Including both newly diagnosed and recurrent patients and
having an ongoing platform structure also enables more patients
to participate. (Alexander2017)



"may lower the hurdle to take a new drug forward into a proof of
concept clinical trial because a new molecule could be plugged
into an ongoing clinical trial quickly and at a lower cost."



"enables characterizing the efficacy and safety of novel drug
combinations, potentially across conditions, mechanisms and
sponsors, that would otherwise not be feasible in one trial."
"drugs can be targeted to subgroups based on biomarker
profiles to personalize treatment." (Heerspink2018)





“effective clinical trial infrastructure for identifying new therapies”



“patients may be able to move on to a new intervention
depending whether they responded to the assigned therapy”
(Heerspink2018)



Possible increase the rate of false positive findings (all
master protocols)



Possible slow acrual which impairs the feasibility of the
study (all master protocols)



Need for an appropriate infrastructure as well as trained
physicians (all master protocols)



Management of patients affected by different tumor types
or facing complex



drug administration schedules, as well as numerous
unexpected toxicities (all master protocols) (Leonetti2019)



“the statistical design becomes extremely complex and
relies critically on interim analyses when efficacy/futility
within and across treatment arms is determined”
(Mazzarella2020)
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Efficient and rapid drug development (all master protocols)



“more complicated logistics”



Approval for a specific neoplastic condition (all master protocols)



“concerns about security”



Several drugs can be tested in parallel on the same tumor type
(umbrella and platform protocols)



“increased chance of erroneous positive conclusions”
(Ocana2013)



The
dynamic
structure
admits
novel
promising
compounds/additional tumor types to both enter and exit the
protocol through amendments (all master protocols)



The primary study objective can be achieved even by treating a
small number of patients (all master protocols)



Master protocols can partially address the challenges derived
from tumor heterogeneity (master protocols)



Due to the rapid changes in standard of care, the control arm of
these trials can easily vary (all master protocols) (Leonetti2019)



The use of a single infrastructure to evaluate multiple drugs and
populations has the potential for efficient and accelerated drug
development, reducing the exposure of patients to less effective
or unacceptably toxic interventions.



Disadavantages of platform trials are their sheer size and
potential scope, as they may run for many years and
indeed, it could be the case that there is no well-defined
end of the trial at the time of its launch. (Renfro2017)



In trials with multiple biomarker-defined arms, simultaneously
testing for all biomarkers within the same framework minimizes
the number of patients needed to screen and thus maximizes
the chances of each patient to receive treatment within the trial.



Furthermore, if the same drug or combination is used across
multiple biomarker-determined groups with staggered enrolment,
toxicity events can still be cumulated across arms, obtaining a
more faithful description of the safety profile. (Mazzarella2020)
“increased accrual to that arm can augment the statistical power
to detect a relevant magnitude of clinical benefit”




Although adaptive clinical trials can be more expensive initially
as they may include more scenarios and treatment arms, their
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ability to prevent the undertaking of further clinical studies can
reduce the total cost of drug development. (Ocana2013)





Randomized,
embedded
multifactorial
adaptive
platform
(REMAP)

Basket design









The primary stated advantage of platform trials are operational
seamlessness and efficiency; in some cases, a platform trial
may expand to include a new marker-based population or drug
without the need to close the larger study for protocol
modifications, and in other cases, graduation of a drug from
phase II will immediately launch a pre-planned phase III
registration trial. (Renfro2017)
“reduces the total sample size by eliminating the need of
individual control arms for each investigational arm”
“some flexibility in timing for drug development programmes that
not necessarily can always be synchronized in terms of timing.”
(Verweij2020)
A key advantage of embedding trials in clinical care is to create
a “learning health system” by enrolling most eligible participants,
which increases the speed with which new knowledge is
generated and implemented in routine clinical care.
In addition, it maximizes internal and external validity, and
minimizes operational complexity at the bedside (there is no
need to distinguish between trial and non-trial patients, because
all patients are trial patients). While screening and recruitment
for a REMAP can be conducted by research staff, it is not
intended that recruitment should be dependent on research staff
because they are typically present during office hours. Thus,
REMAP trials may reduce costs. (Talisa2018)
The structure of NCI-MATCH allows for flexibility with these
changing data, allowing for addition of new variants and targets,
and the removal of ineffective ones. (Barroihet2018)

"flexibility regarding the addition of new genetic target and
treatment arms or indeed the closure of the same with the
generation of changing data."

n/a



A one-time, one-site biopsy taken at the time of
recurrence (such as the biopsies that comprise the
backbone of the NCI-MATCH trial) may underestimate the
current genomic landscape of a patient's cancer. Liquid
biopsies may be a method to capture cancer information
in real-time, using a simple blood sample, but are not yet
used routinely for this purpose.



Access to tumor tissue for profiling is complicated and can
be impossible for certain types of cancer (Barroihet2018)



The main disadvantage in this approach is the different
functional output and consecutively predictive impact a
single molecular aberration can have among different
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types of cancer. (Fadoukhair2015)



"it defines a priori the assignment of treatment when a specific
molecular aberration is identified"



"ensures availability of agents within the context of a trial"



"negates assignment bias in that patients with a predefined
actionable mutation of interest (aMOI) are assigned a predefined
treatment arm" (Coyne2017)
“may be adapted to increase enrollment of patients with tumor
types that demonstrate early signals of antitumor activity while
excluding those who lack preliminary response”







Additional cohorts with different tumor types can be created,
and patients with related molecular aberrations can also be
enrolled-those with newly identified fusion genes known to
activate the pathway and sensitize to the agent under
investigation similarly to gene copy number alterations or
mutations, for example. (Dienstmann2015)

"flexibility with regard to the addition of new pathways/treatment
arms" (Do2015)



the assumption that the same mutation might have the
same impact regardless of histology



the presence of variants of unknown significance whose
function has not previously been evaluated



an inherent focus on one single alteration (when
nowadays multimarker analysis is standard)



without a control arm, it can be difficult to differentiate
predictive from -prognostic value of a biomarker



possibility of an insufficient representation of patients with
certain tumour types that harbour the alteration of interest,
leading to false-negative conclusions (Garralda2019)
The biggest challenge with basket trials is that different
tumor types, whilst expressing the same biomarker, may
respond differently to the targeted therapy. They are,
therefore, mostly discovery-based trials and generally
occur early in development.







A basket trial enrolls patients across various CKD etiologies and
characterizes the drug effect in multiple disorders. This may
enhance innovation while allowing sponsors a wider range of
potential indications for a given molecule. (Heerspink2018)





The critical issue is to control for type I error, especially for
basket trials for which the heterogeneity of indication puts
them at higher risk of having false positive results (i.e. a
result falsely indicating that a therapy is effective, whereas
in fact it is not). (Janiaud2019)
First, due to their relative novelty such designs have not
yet been attempted in psychiatry, and thus there is little
precedent for how these trials would be staged.
Such trials require greater logistical burdens, require
larger cohorts of patients, and are costlier to run.
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Such trials may face barriers in recruiting enough patients
with specific biomarker profiles, and experience
challenges in balancing treatment arms.



As a consequence of their broad eligibility criteria at the tumortype level, basket trials enable the inclusion of highly rare cancer
types within the biomarker-defined basket.



Both basket and umbrella trials would require new
collaborative frameworks, and require nuanced statistical
and administrative support. (Joshi2018)
Logistically demanding



Trial can be large and duration can be long

“when the treatment is already approved for one indication (i.e.
one tumor type) its efficacy assessment can be quickly
extrapolated to another indication.” (Janiaud2019)



Control arm can be obsolete with rapid changes in
standard of care



Heterogeneous responses across tumor groups may lead
to bias or inflation of false positive rates




Slow accrual is a concern (Le-Rademacher2018)
Possible increase the rate of false positive findings (all
master protocols)



Possible slow accrual which impairs the feasibility of the
study (all master protocols)



Need for an appropriate infrastructure as well as trained
physicians (all master protocols)

Using EEG (electroencephalography)-guided basket trials could
allow for different psychiatric populations who share the same
disease dimension to be given a therapeutic intervention,
allowing more patients to potentially benefit.
“test the effectiveness of a new intervention and would not
necessarily be limited by traditional criteria, and have relevance
across multiple illnesses.”



This precision-medicine approach would enhance the
development of not only novel drugs, but also other
comprehensive rehabilitation strategies in schizophrenia (SZ)
like targeted cognitive training (TCT). (Joshi2018)



Management of patients affected by different tumor types
or facing complex drug administration schedules, as well
as numerous unexpected toxicities (all master protocols)
(Leonetti2019)



Assess treatment effect of biomarker on multiple tumor types
simultaneously





Logistical efficiency through the use of a master protocol



Flexibility to add/remove substudies



Attractive option for rare tumor subsets (Le-Rademacher2018)

Basket trials are discovery trials and there has been
uncertainty about how to design such trials statistically.
Consequently, in some basket trials, justification of sample
sizes has been absent despite increased interest in
efficacy endpoints, such as response, and the amendment
process is frequently used to expand cohorts to sample
sizes that would otherwise be sufficient for the proper
conduct of a randomized phase II or III study. The practice
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of not justifying sample size is particularly worrisome since
it counters the intent of minimizing the number of patients
exposed to toxic or ineffective drugs, and in light of this,
investigators should consider early stopping rules and
provide clearly defined criteria for study completion.



Efficient and rapid drug development (all master protocols)



Approval for a specific neoplastic condition (all master protocols)



A novel drug can be simultaneously evaluated in different tumor
types (basket protocols)



The
dynamic
structure
admits
novel
promising
compounds/additional tumor types to both enter and exit the
protocol through amendments (all master protocols)



The primary study objective can be achieved even by treating a
small number of patients (all master protocols)



Master protocols can partially address the challenges derived
from tumor heterogeneity (master protocols)



Due to the rapid changes in standard of care, the control arm of
these trials can easily vary (all master protocols) (Leonetti2019)
Basket trials have come to be known as an efficient way of
screening experimental therapeutics across multiple patient
populations in early-phase drug development.





Paramount to their conduct is a strong scientific rationale
for the molecular marker-drug pairing, as well as reliable
assay development for the marker of interest



Genomic variants have unknown or differential variability
across tumor types, and there is often uncertainty about
whether a particular mutation in a tumor of a particular
histologic type should be considered actionable for
treatment with a given drug.





These trials often study cancers so rare that it may be
impossible to study them in a randomized setting, and
usually require coordination and participation from multiple
institutions to meet accrual objectives. (Mandrekar2015)
“the statistical design becomes extremely complex and
relies critically on interim analyses when efficacy/futility
within and across treatment arms is determined”
(Mazzarella2020)



Large screening programmes for rare mutations



Multicentre-additional complexity and cost
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These trials often study cancers so rare that it may be
impossible to study them in a randomized setting, and usually
require coordination and participation from multiple institutions to
meet accrual objectives.




“efficiency in running multiple cohorts” (Mandrekar2015)
The use of a single infrastructure to evaluate multiple drugs and
populations has the potential for efficient and accelerated drug
development, reducing the exposure of patients to less effective
or unacceptably toxic interventions.



In trials with multiple biomarker-defined arms, simultaneously
testing for all biomarkers within the same framework minimizes
the number of patients needed to screen and thus maximizes
the chances of each patient to receive treatment within the trial.



Furthermore, if the same drug or combination is used across
multiple biomarker-determined groups with staggered enrolment,
toxicity events can still be cumulated across arms, obtaining a
more faithful description of the safety profile. (Mazzarella2020)



Delays from genetic analyses-attrition of patients
Impact of tumour heterogeneity (O’Brien2017)



Interpretation: The design will not enable the
disentanglement of the treatment effect from the algorithm
effect.



Population heterogeneity: If randomization guarantees
that the two groups of patients have comparable
characteristics and the same overall prognosis,
heterogeneity may dilute the expected benefit.



Homogeneity and power: The algorithm to select the right
treatment would be efficient for some molecular alterations
(or equivalently for some treatments) and not for others.
Homogeneity tests (or interaction tests) are part of the
statistical analysis plan in order to detect this pattern of
results. However, interaction tests are notoriously
underpowered and a strong heterogeneity may remain
statistically undetected at the 5% level.



Endpoints: However, recent works have demonstrated
that none of the endpoints based on the tumor growth
proposed to date were a good surrogate of the patient’s
survival, and this is not clear whether a treatment effect
measured on the tumor growth would be strongly
predictive of a treatment effect on the PFS; furthermore,
the best way to combine information from tumor growth
and the occurrence of new lesions or clinical symptoms is
still an area of research. (Paoletti2015)
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The benefit of this approach is that it allows access to
molecularly targeted agents, based on a molecular profile, for
patients with tumor types not otherwise already studied in clinical
trials. It allows us to get a signal as to whether the actionable
mutations of interest (aMOI) or molecular profile is predictive of
response regardless of tumor type or only in certain tumor types.
(Moore2016)



One major limitation of basket trials is the assumption that
molecular profiling may be sufficient to replace histological
tumor typing, as, in some cases, histological tumor type
has been found to predict response to treatment more
strongly than the biomarkers or mutations comprising the
studied cohorts. Even outside the context of a basket trial,
it was recognized that V600E BRAF-mutant melanoma or
hairy cell leukemia are responsive to BRAF inhibition,
while colon tumors with the same BRAF mutation are not.
This issue may be anticipated, as it is well accepted that
the environment and location in which a tumor develops
may impact its mutational profile as well as differentially
predict treatment response across similar profiles. To this
end, many have noted that current clinical evidence is
insufficient to conclude that molecular descriptors should
replace histological tumor typing, and it has been
suggested that future studies integrate anatomic with
mutational and functional molecular profiling through the
use of proteomic technologies and explore multi-gene
signatures with combination therapies. (Renfro2016)
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Adaptable design (expand/close cohorts)



Opportunity for patients with rare tumours (O’Brien2017)



Principle among them is prognostic heterogeneity, i.e., the
fact that patients in a given cohort may have vastly
different prognoses due to differences in their underlying
disease/tumor types/histology, which may be challenging
to untangle from a pooled, average response to treatment.
For this reason, standardized response rate (tumor
shrinkage) type endpoints are often utilized in basket
trials, rather than time-to-event endpoints such as
progression-free survival.



Another common concern is the use of historical controls
(as basket trials are often non-randomized), a practice that
is further complicated by enrolling patients from a number
of disparate disease or histologic groups.



A third common concern regarding basket trials is their
inherent multiple testing issue; many (sometimes 20+)
parallel arms with identically reasonable operating
characteristics, when evaluated together without
adjustment for multiplicity, may promote spurious false
positive findings. (Renfro2017)



Randomization





Blinded design: Ideally a double blind trial should be designed;
however this was impossible in the SHIVA trial due to the
numerous treatments administered to the patients in both arms
with various formulations (oral or intravenous).

Different diseases may respond differently to targeting the
same
underlying
molecular
or
pathophysiologic
abnormality.



The investigational therapeutic may have off-target effects
that may be harmful depending on the disease being
treated.



Requires ability to precisely test for the therapeutic target.



May be difficult to determine appropriate trial outcomes.
(Shah2017)



Algorithm reproducibility



Cross over: Patients initially randomized in the intervention
group may then receive conventional chemotherapy based on
their tumor type, and patients in the control arm may receive the
MTA matching the molecular alteration identified on the biopsy
performed at inclusion, provided all eligibility criteria are still
fulfilled at the time of progression.



Tumor diversity



Biopsy of a metastatic site: In the SHIVA study all patients must
undergo a biopsy of a metastatic site before being treated, so
that we are sure that the molecular profile established reflects
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what will be treated as controversial results have been reported
on the agreement between molecular profiles measured on the
metastasis and on the primary. (Paoletti2015)


Includes many markers and drugs (Renfro2016)





First, they can provide access to molecularly targeted agents for
patients across a broad range of tumor types, potentially
including those not otherwise studied in clinical trials of targeted
therapies.





Secondly, in many cases, molecular testing is carried out locally
and confirmation by a central assay is not required before
patient enrollment, though tumor and plasma are often banked
for subsequent companion diagnostic testing and validation. This
feature reduces the time between initial diagnosis and/or
eligibility confirmation and later cohort assignment and initiation
of treatment.



Thirdly, cohorts within basket trials are often small and utilize
single-stage or two-stage designs, which yield quick results,
given sufficient accrual. (Renfro2016)
Other than their advantages of simplicity and small size, basket
trials offer the availability of an array of novel therapeutic agents
to a broad spectrum of disease types who may benefit.
(Renfro2017)





Ability to target a molecular or pathophysiologic abnormality
shared by several different diseases and clinical syndromes.



Agnostic therapeutic approach.



May be easier to enroll, larger number of eligible patients.
(Shah2017)



One important concern when employing the multiple
independent two-stage designs utilized by the first
generation of basket studies is that this multiple
hypothesis testing may lead the investigator to incorrectly
conclude that activity is present in one study arm. Given
enough baskets, or study arms, a therapy might show a
statistically significant effect by chance alone (i.e., a false
positive). (Tao2017)
Disadvantages are that molecular variant(s) may not be
the only driver of a tumour and contextual complexities in
various histologies may exist, e.g. vemurafenib in mutated
BRAF melanoma and colorectal cancer (response rate 5060% vs. 5%) (Verweij2019)

The main disadvantage in this innovative design is a
biology-driven one; in particular this is the issue of the
potentially different functional outputs that a specifıc
molecular aberration could have among different types of
cancer. (Zardavas2015)

66
PERMIT has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement N. 874825



The basket trial design is also an efficient strategy to interrogate
potentially actionable germline alterations, which can be seen at
low frequencies in patients with a variety of tumor types.



The selection of a truly histology-agnostic biomarker in a basket
trial can lead to rapid translation of a targeted therapy into the
clinical setting, as seen with tropomyosin-related kinase (TRK)
inhibitors.



Basket trials rely on the ability to rapidly identify a wide range of
genomic alterations in a single test, since evaluating patients for
a specific low-incidence alteration is operationally inefficient and
often impractical. (Tao2017)
Benefits are that basket trials determine the efficacy of a
targeted agent in different tumour types with the same mutation
and are accessible for patients with rare tumours with the
respective molecular marker. (Verweij2019)



Basket design

Randomized
basket design



“very informative about which are the tumor types where singleagent therapy is worth pursuing in phase III trials versus other
types where combination treatment strategies should be
prioritized” (Zardavas2015)



Randomization also makes it more feasible to use progression
free survival as endpoint rather than objective tumor response
for evaluating the component signle drug basket trials.
(Simon2017)
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Basket of
basket design

Umbrella design



Advance logistics of genomically oriented clinical trials through a
structure that incorporates novel concepts and approaches and
facilitates cooperation between academic sites, diagnostic
companies and pharma



Implement this innovative clinical research strategy for the
development of targeted therapies in numerous molecular
alteration settings, driven by tight connectivity between experts
in genetics, translational science and clinical research with the
profilin tools to assess the clinical benefit of those targeted
therapies



The design allows a cost-effective use of the shared platforms
and aims at dramatically accelerating new indications
(repurposing) of the tested targeted therapies by providing
clinical evidence of activity and validated companion diagnostics
for use in confirmatory trials (Garralda2019)



“the array of biomarkers tested significantly improves screening
rates and patients are more likely to meet eligibility criteria and
thus be able to take part in the trial compared with a single
biomarker enrichment study.” (Janiaud2019)



The downside is when one patient presents with more
than one biomarker. That patient might end up being
included in more than one arm; such overlap then has to
be accounted for in the statistical analysis plan.
(Janiaud2019)
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Using EEG-guided umbrella trials could allow for patients with
the same illness to be assigned to different treatments, allowing
for a more specific intervention strategy better improve
pragmatic trials matching interventions to patient strengths.



“better improve pragmatic trials matching interventions to patient
strengths.”



This precision-medicine approach would enhance the
development of not only novel drugs, but also other
comprehensive rehabilitation strategies in schizophrenia (SZ)
like targeted cognitive training (TCT). (Joshi2018)



Allows for trial when biomarkers are incompletely characterised
and/or not fully validated.



Umbrella structure allows for efficient inclusion of less common
biomarker cohorts.



Tests more than one treatment at the same time, each against
its own appropriate control.



But does not test cohorts/agents against each other



Molecularly enriched cohorts maximise likelihood of detecting
promising new treatments.



Employs ambitious hazard ratio targets (accepting risk of
rejecting minimally effective agents).



Multi-stage design analyses at pre-specified time points for early
detection of insufficient activity.



Initial emphasis is phase II in intention (signal seeking).



But can continue efficiently (seamlessly) into phase III.



First, due to their relative novelty such designs have not
yet been attempted in psychiatry, and thus there is little
precedent for how these trials would be staged.



Such trials require greater logistical burdens, require
larger cohorts of patients, and are costlier to run.



Such trials may face barriers in recruiting enough patients
with specific biomarker profiles, and experience
challenges in balancing treatment arms.



Both basket and umbrella trials would require new
collaborative frameworks, and require nuanced statistical
and administrative support. (Joshi2018)



They require substantial efforts and have therefore been
practically limited to large pharmaceutical companies with
sufficiently broad pipelines, or public cooperative group
efforts. In the latter, additional complications arise as
individual pharmaceutical company agents must be
combined into a single master protocol and contracting.



Given the complexity of initiating study arms, the timing
and continued enrollment of such arms requires
coordination, as more common study arms can quickly
complete enrollment before less common ones.



Another consideration is the potential for biomarker
overlap, where patients may be eligible for more than one
arm. (Lam2018)

69
PERMIT has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement N. 874825





Efficient design for ascertaining the specificity of any positive
results in relation to the biomarker selection used.
Adaptive: allows for efficient incorporation of new information on
drugs or biomarkers into a large ongoing trial. (Kaplan2015)
They increase efficiency by limiting sequential molecular testing,
improving overall time to profiling results, and decreasing
potentially overlapping investigations through shared screening
frameworks.



Multiple therapies can be included and assigned to different
arms with the ability to discontinue poorly performing arms or
add new ones, allowing simultaneous assessment of multiple
novel agents.




Flexibility is achieved by predetermined decisions to continue or
commit further based on prespecified interim analyses.
(Lam2018)
“more efficient use of patients and resources”



“improves the screening match rate for a given patient”



In addition, as each patient is screened and randomized through
a common protocol, the biostatistical analysis for a given
substudy can potentially leverage control arm data in the other
sub-studies.(Lam2018)



Opportunity to assess treatment effect on multiple biomarker
subgroups



Attractive options for rare marker subgroups



Logistical efficiency through the use of a master protocol



Flexibility to add/remove sub-studies (Le-Rademacher 2018)



Logistically demanding



Trial can be large and duration can be long



Control arm can be obsolete with rapid changes in
standard of care (Le-Rademacher 2018)



Possible increase the rate of false positive findings (all
master protocols)



Possible slow accrual which impairs the feasibility of the
study (all master protocols)



Need for an appropriate infrastructure as well as trained
physicians (all master protocols)



Management of patients affected by different tumor types
or facing complex drug administration schedules, as well
as numerous unexpected toxicities (all master protocols)
(Leonetti2019)



“the statistical design becomes extremely complex and
relies critically on interim analyses when efficacy/futility
within and across treatment arms is determined”
(Mazzarella2020)
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Efficient and rapid drug development (all master protocols)



Large screening programmes for rare mutations



Approval for a specific neoplastic condition (all master protocols)



Multicentre-additional complexity and cost



Several drugs can be tested in parallel on the same tumor type
(umbrella and platform protocols)



Impact of tumour heterogeneity





The
dynamic
structure
admits
novel
promising
compounds/additional tumor types to both enter and exit the
protocol through amendments (all master protocols)



Marker negative arm/control arm required to distinguish
prognostic and predictive biomarkers (O’Brien2017)
may be difficult to recruit patients for umbrella trials given
that recruitment can only be done from a subset of one
patient disease pool. (Park2020)



Can be logistically complex to set up and implement



Careful statistical consideration needed when adding new
or removing existing subtrials (Renfro2016)



A direct consequence of the greatest strength of umbrella
trials (conclusions applicable to a single tumor type) is one
great disadvantage: feasibility. Particularly within rare
diseases, further subclassification of an already-rare
tumor type by molecular alterations may lead to poor
accrual within cohorts, and slow progress of the trial
overall. An already lengthy trial may be further
exacerbated by inclusion of randomization (generally
requiring larger cohort-specific sample sizes) and changes
in the treatment landscape of the tumor type under study,
e.g. introduction of new standard of care regimen to the
market while the umbrella trial is underway. (Renfro2016)



The primary study objective can be achieved even by treating a
small number of patients (all master protocols)



Master protocols can partially address the challenges derived
from tumor heterogeneity (master protocols)



Due to the rapid changes in standard of care, the control arm of
these trials can easily vary (all master protocols) (Leonetti2019)
The umbrella infrastructure usually has the flexibility to add (or
drop/modify) subtrials of molecularly targeted drugs and
companion diagnostics based on accumulating evidence from
the ongoing trial (and newly emerging data). (Mandrekar2015)



The use of a single infrastructure to evaluate multiple drugs and
populations has the potential for efficient and accelerated drug
development, reducing the exposure of patients to less effective
or unacceptably toxic interventions.



In trials with multiple biomarker-defined arms, simultaneously
testing for all biomarkers within the same framework minimizes
the number of patients needed to screen and thus maximizes
the chances of each patient to receive treatment within the trial.



Furthermore, if the same drug or combination is used across
multiple biomarker-determined groups with staggered enrolment,
toxicity events can still be cumulated across arms, obtaining a
more faithful description of the safety profile (Mazzarella2020)
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“the better performing therapies are moved through more quickly
and those that are not meeting minimum efficacy signals can be
ceased earlier. This saves time and precious patient resources”
(Moore2016)



Disadvantages of umbrella trials include their larger size
and potential for long duration (a direct result of funneling
patients from only one disease type into even rarer substudies within the disease type), which can be further
exacerbated when rare-prevalence marker cohorts are
included within a given disease "umbrella'. (Renfro2017)



Test multiple molecularly targeted agents (MTAs) for single
tumour type





A large number of patients are needed to successfully
enroll in the several trials that are being conducted
simultaneously.

Adaptable design (expand/close cohorts)





Multiple treatment options must be available. (Shah2017)

Streamline drug development process (O’Brien2017)



Includes many markers and drugs





Ability to validate individual predictive marker (Renfro2016)

But, umbrella studies may have difficulty enrolling rare
genetic mutations of a single tumour and the introduction
of new SoC during trial conduct changes the environment.
(Verweij2019)



Flexible design for the adding/dropping of subtrials based on
new emerging data



“there may be some question as to what population the
results will generalize” (Yee2019)



Use of central clinical laboratory for molecular profiling for a
large cohort of patients (Renfro2016)



One immediate advantage of umbrella trials (relative to basket
trials) is the ability to draw meaningful conclusions that are
specific to a tumor type and therefore less prone to chance
tumor heterogeneity present within a given trial cohort.
Furthermore, when randomization to targeted versus nontargeted treatments within cohorts takes place (and particularly
when a marker negative cohort is included), the drugs purported
mechanism of action can be more thoroughly evaluated, and
prognostic versus predictive marker effects can be empirically
distinguished. Such trial designs may lend stronger evidence to
support the activity of a new drug with a readily describable
population and indication. (Renfro2016)
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The greatest advantage of umbrella trials (relative to basket
trials) is prognostic homogeneity.



Umbrella trials are also susceptible to modifications to the
“treatment landscape” while the trial is underway, for example,
introduction of a new standard of care for the tumor type under
study could render comparisons against the trial’s current control
arm(s) irrelevant. (Renfro2017)



Less screen failures because a variety of trials are available for
patients. Enables a more targeted approach that comes closer to
the goal of achieving precision medicine.



Multiple treatments can be examined simultaneously.
(Shah2017)
Advantages are a relatively homogeneity (same tumour type)
and observed benefit may more credited to the genetic mutation,
particularly true when the sub-study was randomised. It supports
submission of a marketing authorisation application to regulatory
agencies. (Verweij2019)



Umbrella-basket
hybrid



“patients without a target match in an umbrella trial can easily be
put on a randomized subtrial of 2 relevant treatments for the
histology” (Yee2019)



"flexibility regarding the addition of new genetic target and
treatment arms or indeed the closure of the same with the
generation of changing data."



"it defines a priori the assignment of treatment when a specific
molecular aberration is identified"



"ensures availability of agents within the context of a trial"



"negates assignment bias in that patients with a predefined
actionable mutation of interest (aMOI) are assigned a predefined
treatment arm" (Coyne2017)

n/a
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Table 5. Trial designs evaluating personalised versus non-personalised strategy
Type of trial
designs

Example(s)

Trial registration num.

Recruitment status as of 12 March 2021

Clinical Field

Phase

References

Adaptive
strategy
designs for
biomarkers
with
measurement
error
Basket design

OPTIMA

ISRCTN42400492

Ongoing

Breast Cancer

n/a1

(1)

NCI-MPACT

NCT01827384

Completed

Advanced malignant solid neoplasm

II

(2–4)

SHIVA

NCT01771458

Unknown*

Reccurent/Metastatic Solid; Tumor Disease

II

(5)

IMPACT II

NCT02152254

Completed

Reccurent/Metastatic Solid; Tumor Disease

II

(6)

Biomarker
strategy
design with
biomarker
assessment in
the control
arm

ERCC1

NCT00801736

Completed

Lung cancer

III

(7)

GILT docetaxel

NCT00174629

Completed

Lung cancer

III

(8)

LIFT

NCT02498977

Completed

Transplantation, Liver

IV

(9)

Biomarkerstrategy
design without
biomarker
assessment in

GUIDE-IT

NCT01685840

Completed

Chronic Heart Failure

n/a1

(10)

iPEGASUS

NCT03021525

Ongoing

Hemodynamic Instability, Cardiac Output
(High), Peroperative Complication

n/a1

(11)
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OCTOPUS

ISRCTN81464462

Completed

Mild head injury

n/a1

(8)

PUFFIN

NCT03654508

Ongoing

Asthma

n/a1

(12)

Modified
biomarker
strategy
design

SHIVA

NCT01771458

Unknown*

Reccurent/Metastatic Solid; Tumor Disease

II

(1,13–15)

NCI-MPACT

NCT01827384

Completed

Advanced malignant solid neoplasm

II

(15)

Outcomebased
adaptive
randomization
design
Platform

ProBio

NCT03903835

Ongoing

Prostate cancer

III

(16)

SHIVA

NCT01771458

Unknown*

Reccurent/Metastatic Solid; Tumor Disease

II

(17)

Sequential
Multiple
Assignment
Randomized
Trial (SMART)
Umbrella

Siyaphambili Study

NCT03500172

Ongoing

HIV

n/a1

(18)

UPSTREAM

NCT03088059

Ongoing

Head and Neck Squamous Cell Carcinoma

II

(19)

SAFIR02_Braest

NCT02299999

Completed

Breast Cancer

II

(20)

Completed

Lung cancer

II

(17)

the control
arm

SAFIR02_Lung
NCT02117167
1

Not applicable is used on the Clinicaltrilas.gov website to describe trials without FDA-defined phases including trials of devices or behavioural interventions.
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Next Steps
Results from the present scoping review show that several trial designs applied to personalised
medicine are available. However, no consensus exists on the labels/ terms to use to define and
classify those trials designs.
For the upcoming workshop planned on December 1, 2020, we suggest the following themes of
discussion:
General points


Agree on the classification of trial designs applied to personalised medicine



Agree on the definitions of core designs and features applied to personalised medicine

Specific point


Agree on the differentiation between adaptive signature design and adaptive enrichment
design
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Appendix I. Search strategies
Pubmed 7/4/2020
No.
#37
#32
#31
#30
#29
#28
#27
#25
#2

#1

Query
Search: #27 OR #30 Filters: English, French, German, Italian, Spanish Sort by: Publication Date
Search: #27 OR #30 Filters: from 2005 - 2020 Sort by: Publication Date
Search: #27 OR #30 Sort by: Publication Date
Search: #28 AND #29 Sort by: Publication Date
Search: ("2019/09/01"[Date - Entry] : "3000"[Date - Entry]) Sort by: Publication Date
Search: #2 AND #25 AND (“clinical trial“ [tiab] OR “clinical trials“ [tiab]) Sort by: Publication Date
Search: #1 AND #2 AND #25 Sort by: Publication Date
Search: design*[tiab] OR methods[ti] OR method[tiab] OR Research design[Majr] Sort by: Publication
Date
Search: “stratified medicine”[tiab] OR biomarker*[tiab] OR “precision medicine”[tiab] OR “personalized
medicine”[tiab] OR “personalised medicine”[tiab] OR “individualized Medicine“[tiab] OR “individualised
Medicine“[tiab] OR “individualized therapy“[tiab] OR “individualised therapy“[tiab] OR
"Biomarkers"[Majr] OR "Precision Medicine"[Majr]
Search: “umbrella study“[tiab] OR “umbrella studies”[tiab] OR “umbrella trial“[tiab] OR “umbrella
trials*“[tiab] OR “adaptive study“[tiab] OR “adaptive studies“[tiab] OR “adaptive trial“[tiab] OR
“adaptive trials“[tiab] OR “ basket trial“[tiab] OR “basket trials“[tiab] OR “basket studies“[tiab] OR
“basket study“[tiab] OR “multi arm“[tiab] OR “multi arms“[tiab] OR “master protocol“[tiab] OR “master
protocols“[tiab]OR “platform study“[tiab] OR “platform studies“[tiab] OR “platform trial“[tiab] OR
“platform trials“[tiab] OR"Clinical Trials as Topic"[Majr]

Results
1221
1232
1277
375
752605
5359
918
3787147
486778

55630

Embase 7/4/202
No.
#14
#13
#12
#11
#10
#9
#8
#7
#6
#5
#4

#3
#2
#1

Query
#11 AND #12 AND ([english]/lim OR [french]/lim OR [german]/lim OR [italian]/lim OR [spanish]/lim)
#11 AND #12
[embase]/lim NOT [medline]/lim
#7 OR #10
#4 AND #5 AND #8 AND [2020-2020]/py
#4 AND #5 AND #8
'clinical trial*':ti,ab
#3 AND #4 AND #5 AND [2005-2020]/py
#3 AND #4 AND #5
design*:ti,ab OR methods:ti OR method:ti,ab
'biological marker'/exp/mj OR 'personalized medicine'/exp/mj OR 'stratified medicine':ti,ab OR
biomarker*:ti,ab OR 'precision medicine':ti,ab OR 'personalized medicine':ti,ab OR 'personalised
medicine':ti,ab OR 'individualized medicine':ti,ab OR 'individualised medicine':ti,ab OR
'individualized therapy':ti,ab OR 'individualised therapy':ti,ab
#1 OR #2
'clinical trial'/exp/mj
'basket trial*':ti,ab OR 'basket stud*':ti,ab OR 'multi arm*':ti,ab OR 'master protocol*':ti,ab OR
'platform stud*':ti,ab OR 'platform trial*':ti,ab OR 'umbrella trial*':ti,ab OR 'adaptive stud*':ti,ab OR
'adaptive trial*':ti,ab OR 'umbrella stud*':ti,ab

Results
927
929
9610086
1221
202
7669
514125
1026
1033
4793126
431819

52941
50652
2402
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Cochrane Library 8/4/2020
No.
#1
#2
#3
#4
#5
#6
#7
#8

Query
'basket trial*':ti,ab OR 'basket stud*':ti,ab OR 'multi arm*':ti,ab OR 'master protocol*':ti,ab OR 'platform
stud*':ti,ab OR 'platform trial*':ti,ab OR 'umbrella trial*':ti,ab OR 'adaptive stud*':ti,ab OR 'adaptive
trial*':ti,ab OR 'umbrella stud*':ti,ab
'stratified medicine':ti,ab OR biomarker*:ti,ab OR 'precision medicine':ti,ab OR 'personalized
medicine':ti,ab OR 'personalised medicine':ti,ab OR 'individualized medicine':ti,ab OR 'individualised
medicine':ti,ab OR 'individualized therapy':ti,ab OR 'individualised therapy':ti,ab
design*:ti,ab OR methods:ti OR method:ti,ab
#1 and #2 and #3 with Publication Year from 2005 to 2020, in Trials
"accession number" near pubmed
"accession number" near embase
#5 or #6
#4 not #7

Results
22497
29297
355698
560
662135
536983
998271
193
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Appendix II. Data extraction form
No
First author:
Title of article:
Contact details of author:
Publication year:
Type of paper:

o
o
o
o
o
o
o
o
o
o

o

Original research article reporting a clinical trial
Study protocol
Methodological study
Methodological review
Systematic review
Conference abstract
Commentary
Letter to the editor
Clinicaltrial.gov link
Guidance document
o Please specify the regulatory or health
technologies assessment agency, which
issued the report
Other (please specify): ____________________

Study design type:
o

Umbrella design

o

Basket design

o

Bayesian basket design

o

Basket of baskets design

o

Marker stratified design (part of randomize-all design.
Marker stratified design includes 1) Marker sequential test
design, 2) Biomarker-positive and overall strategies with
fall-back analysis, 3) Biomarker-positive and overall
strategies with sequential assessment, 4) Biomarkerpositive and overall strategies with parallel assessment)

o

Hybrid design (part of randomize-all design)

o

Biomarker-strategy design with biomarker assessment in
the control arm (part of biomarker-based strategy design)

o

Biomarker-strategy design without biomarker assessment
in the control arm (part of biomarker-based strategy
design)

o

Biomarker-strategy design with treatment randomization
in the control arm (part of biomarker-based strategy
design)
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Definition of the trial design referred to in the
paper (if reported):

o

Reverse marker-based strategy design (part of biomarkerbased strategy design)

o

Two-stage adaptive seamless design

o

Multi-arm multi-stage design (MAMS) (also called
Platform design. It is an extension of 2-stage adaptive
seamless design)

o

Adaptive signature design (also called Two-stage
adaptive signature design, adaptive two-stage design,
Biomarker-adaptive signature design)

o

Outcome-based adaptive randomization design (also
called Adaptive randomization Bayesian adaptive,
Bayesian adaptive randomization, Combined dynamic
multi-arm, Outcome-Adaptive randomization, Outcomebased Bayesian adaptive randomization)

o

Adaptive threshold sample-enrichment design (also called
Threshold sample-enrichment approach, two-stage
sample enrichment, two-stage sample-enrichment design
strategy)

o

Adaptive patient enrichment design (also called adaptive
accrual, adaptive accrual based on interim analysis,
adaptive enrichment, adaptive modification of target
population, adaptive population enrichment, two-stage
adaptive design, two stage adaptive accrual)

o

Adaptive parallel Simon two-stage design (also called
pick-the-winner, biomarker-adaptive parallel two stage,
adaptive parallel, two-parallel Simon, two-stage design)

o

Stratified adaptive design

o

Tandem two stage design (also called Tandem two-step
phase II trial, tandem-two step trial (phase II), Tandem
two-step phase 2 trial design, Tandem two-step)

o

Other (please specify): ____________________

Please copy and paste the exact text.
E.g., The design begins with a comparison between the
experimental treatment and the standard treatment in the
entire study population at a pre-specified level of significance.
In case that the overall result is positive, it is considered that
the treatment is beneficial and the trial is closed. If the
comparison in the overall population is not promising, then the
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Methodology of
the trial design
referred to in the
paper (if
reported):

Analysis

Other (please specify):
____________________

entire population is divided in order to develop and validate a
biomarker, using a split sample strategy. More precisely, a
portion of patients is used to detect a biomarker signature that
best distinguishes subjects for which the novel treatment is
better than the standard treatment. Hence, this approach (i)
identifies patients who are more susceptible to a specific
treatment during the initial stage of the study (at the interim
analysis); (ii) it assesses the global treatment effect of the
entire randomized study population through a powered test,
and (iii) finally, it assesses the treatment effect for the
biomarker-positive subgroup identified during the initial stages
of the study but only with patients randomized in the
remainder of the trial, the so-called ‘validation test’.
Please copy and paste the exact text.
E.g., The analysis is undertaken as follows: At the interim
analysis stage, if the overall treatment effect is not significant
at a reduced level a1 (< 0.05), the full set of P patients in the
clinical trial is partitioned into a training set Tr and a validation
set V. A pre-specified algorithmic analysis plan is applied to
the training set to generate a classifier Cl(x;Tr) where x is a
biomarker vector.

Please copy and paste the exact text.

Statistical considerations of the trial design
referred to in the paper (if reported):

Please copy and paste the exact text.
E.g., Although the adaptive signature design allows for
approval of the novel treatment in a quick and efficient way,
the main statistical challenges to be taken into account
include the potential increase in the number of patients and
the limited power to assess the treatment effect in the
biomarker-defined subgroup. However, this approach avoids
introduction of bias since the adaptations do not involve
modifications in allocation ratio and eligibility criteria. Further,
it prevents the inflation Type I error rate as the design does
not use the study population which was employed to develop
the predictive signature for the assessment of the treatment
effect.

Utility of the trial design referred to in the
paper (if reported):

Please list the reasons why it is recommended to use the
study design by coping and pasting the exact text. Each point
corresponds to a reason.
E.g., 1) In cases where we want to know whether the
biomarker is not only prognostic but also predictive, this
design is preferable.
o ____________________
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o
o
o
o
o

____________________
____________________
____________________
____________________
____________________

Advantages of the trial design referred to in
the paper (if reported):

Please list the advantages by coping and pasting the exact
text. Each point corresponds to strength of the study design.
E.g., 1) Identification of optimal group of patients which benefit
the most from a specific treatment; 2) Identification and
validation of candidate biomarker in a single trial, etc.
o ____________________
o ____________________
o ____________________
o ____________________
o ____________________
o ____________________

Disadvantages of the trial design referred to
in the paper (if reported):

Please list the disadvantages by coping and pasting the exact
text. Each point corresponds to a limitation of the study
design.
o ____________________
o ____________________
o ____________________
o ____________________
o ____________________
o ____________________
o ____________________

Gaps in the study design methodology to be
addressed in future research (if reported):

Please list the gaps by coping and pasting the exact text.
Each point corresponds to a gap of the study design.
o ____________________
o ____________________
o ____________________
o ____________________
o ____________________
o ____________________

Example of actual trial(s), which have
adopted the design mentioned.

Please report the exact name of the trial (e.g., NCI-MATCH
trial)

Current status of the trial(s):

o
o

Trial registration number:

Please report the number

Clinical field:

o

Ongoing trial
Completed trial

Cancer


o

(please specify):____________________

No cancer
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(please specify):____________________

Type of intervention:

o
o

Pharmaceutical
Non pharmaceutical

Clinical trial phase

o
o

Phase II
Phase III

Eligibility criteria:

o
o

______
______

Patient subgroups:

o
o

______
______

Intervention(s):

o
o

______
______

Control group:

o
o

______
______

Primary outcome measure(s):

o
o

______
______

External validity:

o
o

______
______

Did the study assess a personalised vs. nonpersonalised strategy?

o
o

Yes
No

Other considerations related to the study
design:
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Appendix III. Included reviews
1 Aanur P, Gutierrez M, Kelly RJ, Ajani JA, Ku GY, Denlinger CS, et al. FRACTION (Fast Realtime Assessment of Combination Therapies in Immuno-Oncology)-gastric cancer (GC): A
randomized, open-label, adaptive, phase 2 study of nivolumab in combination with other
immuno-oncology (IO) agents in patients with advanced GC. J Clin Oncol. 2017;35:TPS4137

Conference
abstract

2 Abrams J, Conley B, Mooney M, Zwiebel J, Chen A, Welch JJ, et al. National Cancer
Institute’s Precision Medicine Initiatives for the New National Clinical Trials Network. Am Soc
Clin Oncol Educ Book. 2014 May;(34):71–6.

Narrative review

3 Ahmad T, O’Connor CM. Therapeutic Implications of Biomarkers in Chronic Heart Failure. Clin Narrative review
Pharmacol Ther. 2013 Oct;94(4):468–79.
4 Alexander BM, Ba S, Berger MS, Berry DA, Cavenee WK, Chang SM, et al. Adaptive Global
Innovative Learning Environment for Glioblastoma: GBM AGILE. Clin Cancer Res. 2018 Feb
15;24(4):737–43.

Narrative review

5 Alexander BM, Lorenzo T. Bayesian baskets: A novel approach to biomarker-based clinical
trial design. J Clin Oncol. 2016;34: e14057

Conference
abstract

6 Alexander BM, Trippa L, Gaffey S, Arrillaga-Romany IC, Lee EQ, Rinne ML, et al.
Individualized Screening Trial of Innovative Glioblastoma Therapy (INSIGhT): A Bayesian
Adaptive Platform Trial to Develop Precision Medicines for Patients With Glioblastoma. JCO
Precis Oncol. 2019 Dec;(3):1–13.

Original research
article reporting a
clinical trial

7 Antoniou M, Jorgensen AL, Kolamunnage-Dona R. Biomarker-Guided Adaptive Trial Designs
in Phase II and Phase III: A Methodological Review. PLOS ONE. 2016 Feb
24;11(2):e0149803.

Systematic review

8 Antoniou M, Kolamunnage-Dona R, Jorgensen A. Biomarker-Guided Non-Adaptive Trial
Designs in Phase II and Phase III: A Methodological Review. J Pers Med. 2017 Jan 25;7(1):1.

Systematic review

9 Antoniou M, Kolamunnage-Dona R, Wason J, Bathia R, Billingham C, Bliss JM, et al.
Biomarker-guided trials: Challenges in practice. Contemp Clin Trials Commun. 2019
Dec;16:100493.

Discussion paper

10 Bang Y-J, Kaufman B, Geva R, Stemmer SM, Hong S-H, Lee J-S, et al. An open-label, phase
II basket study of olaparib and durvalumab (MEDIOLA): Results in patients with relapsed
gastric cancer. J Clin Oncol. 2019;37:140

Conference
abstract
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11 Barroilhet L, Matulonis U. The NCI-MATCH trial and precision medicine in gynecologic
cancers. Gynecol Oncol. 2018 Mar;148(3):585–90.

Narrative review

12 Barry WT, Perou CM, Marcom PK, Carey LA, Ibrahim JG. The Use of Bayesian Hierarchical
Models for Adaptive Randomization in Biomarker-Driven Phase II Studies. J Biopharm Stat.
2015 Jan 2;25(1):66–88.

Methodological
study

13 Bateman RJ, Benzinger TL, Berry S, Clifford DB, Duggan C, Fagan AM, et al. The DIAN-TU
Original research
Next Generation Alzheimer’s prevention trial: Adaptive design and disease progression model. article reporting a
Alzheimers Dement. 2017 Jan;13(1):8–19.
clinical trial
14 Beckman R, Antonijevic Z, Kalamegham R, Chen C. Adaptive Design for a Confirmatory
Basket Trial in Multiple Tumor Types Based on a Putative Predictive Biomarker. Clin
Pharmacol Ther. 2016 Dec;100(6):617–25.

Methodological
study

15 Bell S, Copel J, Smith A. The pros and cons of an “umbrella” trial design for a rare disease
from a trial management and data management perspective. Trials 2017; 18(Suppl 1): 200

Conference
abstract

16 Berry DA. The Brave New World of clinical cancer research: Adaptive biomarker-driven trials
integrating clinical practice with clinical research. Mol Oncol. 2015 May;9(5):951–9.

Narrative review

17 Berry SM, Broglio KR, Groshen S, Berry DA. Bayesian hierarchical modeling of patient
subpopulations: Efficient designs of Phase II oncology clinical trials. Clin Trials J Soc Clin
Trials. 2013 Oct;10(5):720–34.

Methodological
study

18 Blagden SP, Billingham L, Brown LC, Buckland SW, Cooper AM, Ellis S, et al. Effective
delivery of Complex Innovative Design (CID) cancer trials—A consensus statement. Br J
Cancer. 2020 Feb 18;122(4):473–82.

Guidance
document

19 Bradbury P, Hilton J, Seymour L. Early-phase oncology clinical trial design in the era of
molecularly targeted therapy: pitfalls and progress. Clin Investig. 2011 Jan;1(1):33–44.

Narrative review

20 Brana I, Massard C, Baird RD, Opdam F, Schlenk RF, De Petris L, et al. Basket of baskets
Conference
(BoB): A modular, open label, phase II, multicenter study to evaluate targeted agents in
abstract
molecularly selected populations with advanced solid tumors. J Clin Oncol. 2019; 37: TPS3151

21 Buch MH, Pavitt S, Parmar M, Emery P. Creative trial design in RA: optimizing patient
outcomes. Nat Rev Rheumatol. 2013 Mar;9(3):183–94.

Narrative review
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22 Cabarrou B, Sfumato P, Leconte E, Boher JM, Filleron T. Designing phase II clinical trials to
target subgroup of interest in a heterogeneous population: A case study using an R package.
Comput Biol Med. 2018 Sep;100:239–46.

Methodological
study

23 Cafferkey C, Chau I, Thistlethwaite F, Petty RD, Starling N, WatkinsSheela Rao D, et al.
PLATFORM: Planning treatment of oesophago-gastric (OG) cancer randomised maintenance
therapy trial. J Clin Oncol. 2016; 34: TPS187

Conference
abstract

24 Cecchini M, Rubin EH, Blumenthal GM, Ayalew K, Burris HA, Russell-Einhorn M, et al.
Challenges with Novel Clinical Trial Designs: Master Protocols. Clin Cancer Res. 2019 Apr
1;25(7):2049–57.

Discussion paper

25 Chen C, Li X (Nicole), Yuan S, Antonijevic Z, Kalamegham R, Beckman RA. Statistical Design Methodological
and Considerations of a Phase 3 Basket Trial for Simultaneous Investigation of Multiple Tumor study
Types in One Study. Stat Biopharm Res. 2016 Jul 2;8(3):248–57.

26 Cheng A-L. Combining Adaptive Design and Omics for Future HCC Trials. Liver Cancer 2015.
4: 1-257

Conference
abstract

27 Clinicaltrials.gov. HIV Treatment Retention Interventions for Women Living With HIV
Link
(Siyaphambili Study) [Internet]. Available from: https://clinicaltrials.gov/ct2/show/NCT03500172

28 Clinicaltrials.gov. Liver Immunosuppression Free Trial (LIFT) [Internet]. Available from:
https://clinicaltrials.gov/ct2/show/NCT02498977

Link

29 Clinicaltrials.gov. ProBio: A Biomarker Driven Study in Patients With Metastatic Castrate
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