
Available online at www.sciencedirect.com

journal homepage: www.ejcancer.com

Review  

Modified study designs to expand treatment options in 
personalised oncology: a multistakeholder view

Christophe Le Tourneau a, Fabrice André b, Åslaug Helland c,d,  
Linda Mileshkin e, Warnyta Minnaard f, Anja Schiel g, Kjetil Taskén c,d,  
David M. Thomas h, Maria Luisa Veronese i, Gonzalo Durán-Pacheco j,  
Lada Leyens j, Kaspar Rufibach j, Marlene Thomas j, Alwin Krämer k,⁎

a Department of Drug Development and Innovation (D3i), Institut Curie, INSERM U900 Research Unit, Paris-Saclay 
University, Paris, France 
b Institut Gustave Roussy, Paris, France 
c Division of Cancer Medicine, Oslo University Hospital, Oslo, Norway 
d Institute of Clinical Medicine, University of Oslo, Oslo, Norway 
e Peter MacCallum Cancer Centre and Sir Peter MacCallum Department of Oncology, The University of Melbourne, 
Melbourne, Australia 
f Missie Tumor Onbekend, Amsterdam, Netherlands 
g Norwegian Medicines Agency, Oslo, Norway 
h Garvan Institute of Medical Research, Darlinghurst, Australia 
i Incyte International Biosciences Sàrl, Morges, Switzerland 
j F. Hoffmann-La Roche Ltd, Basel, Switzerland 
k Clinical Cooperation Unit Molecular Hematology/Oncology, German Cancer Research Center (DKFZ) and Department 
of Internal Medicine V, University of Heidelberg, Heidelberg, Germany  

Received 16 May 2023; Received in revised form 31 July 2023; Accepted 1 August 2023
Available online 4 August 2023

KEYWORDS 
Adaptive clinical trial; 
Clinical trial; 
Stakeholder 
participation

Abstract Personalised oncology, whereby patients are given therapies based on their mo
lecular tumour profile, is rapidly becoming an essential part of optimal clinical care, at least 
partly facilitated by recent advances in next-generation sequencing-based technology using 
liquid- and tissue-based biopsies. Consequently, clinical trials have shifted in approach, from 
traditional studies evaluating cytotoxic chemotherapy in largely histology-based populations 
to modified, biomarker-driven studies (e.g. basket, umbrella, platform) of molecularly guided 
therapies and cancer immunotherapies in selected patient subsets. Such modified study designs 
may assess, within the same trial structure, multiple cancer types and treatments, and should 
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incorporate a multistakeholder perspective. This is key to generating complementary, fit-for- 
purpose and timely evidence for molecularly guided therapies that can be used as proof-of- 
concept to inform further study designs, lead to approval by regulatory authorities and be 
used as confirmation of clinical benefit for health technology assessment bodies. In general, 
the future of cancer clinical trials requires a framework for the application of innovative 
technologies and dynamic design methodologies, in order to efficiently transform scientific 
discoveries into clinical utility. Next-generation, modified studies that involve the joint efforts 
of all key stakeholders will offer individualised strategies that ultimately contribute to glo
balised knowledge and collective learning. In this review, we outline the background and 
purpose of such modified study designs and detail key aspects from a multistakeholder per
spective. We also provide methodological considerations for designing the studies and high
light how insights from already-ongoing studies may address current challenges and 
opportunities in the era of personalised oncology. 
© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC 
BY license (http://creativecommons.org/licenses/by/4.0/).    

1. Introduction: the need for modified study designs in the 
era of personalised oncology 

Personalised oncology, whereby patients are given 
therapies based on their molecular tumour profile, is 
critical in drug development and is rapidly becoming an 
essential part of optimal clinical care, with many mo
lecularly guided therapies and corresponding markers 
approved by both the US Food and Drug 
Administration (FDA) and the European Medicines 
Agency (EMA) [1]. Since 1992, there have been 42 
FDA-accelerated approvals in personalised oncology, 
with 86% of these based on overall response rate (ORR) 
data [2]. None of the approvals have been withdrawn so 
far, and all that were granted before 26th November 
2018 have been converted to a traditional approval [2]. 
Some molecularly guided therapies have even demon
strated clinical activity across multiple tumour types 
sharing the same molecular alteration (e.g. RET fusion, 
NTRK fusion, microsatellite instability, DNA mismatch 
repair deficiency, high tumour mutational burden 
[TMB]) [3,4], resulting in broad or tumour-agnostic 
approvals. This has been at least partly facilitated by 
recent advances in diagnostics, including next-genera
tion sequencing (NGS)-based technology using liquid- 
and tissue-based biopsies [1,5,6]. Indeed, a number of 
liquid- and tissue-based NGS panels have been ap
proved by the FDA for use in solid tumours as com
panion diagnostic assays [7], and the National 
Comprehensive Cancer Network® (NCCN®), American 
Society of Clinical Oncology, and European Society for 
Medical Oncology (ESMO) guidelines now recommend 
multigene panel testing, including via NGS, for a 
number of tumour types [8-10]. 

However, as such high-throughput technologies 
continue to evolve, the number of potential genomic 
markers is increasing and, subsequently, the size of each 
target population is reducing. Furthermore, a study of 
5954 patient tumour biopsies found that 38% harboured 
an actionable alteration, although only 18% with an 

alteration could be assigned to an investigational or 
FDA-approved drug, after the application of clinical 
and molecular exclusion criteria [11]. This means that 
recruitment is becoming challenging for traditional 
phase III clinical trials investigating molecularly guided 
therapies, increasing the risk of these trials not taking 
too long to complete due to insufficient numbers or not 
beginning at all [12]. Indeed, the percentage of patients 
recruited onto a matched phase I–III trial following 
molecular prescreening was 11% in 2017 and 2018, a fall 
from 15% in 2016 [13]. In addition, to generate con
firmatory clinical evidence for tumour-agnostic thera
pies, many parallel randomised phase III trials of the 
same drug in different cancer types would lead to a 
notable and unfeasible depletion of time and resources. 

Overall, with the increasing numbers of targeted 
treatments and smaller molecular-based patient sub
groups, it is impossible to solely use fully statistically 
powered clinical trials to assess the clinical benefit of 
molecularly guided therapies [14]. Therefore, modified 
study designs are becoming increasingly important in this 
setting. These studies assess, within the same trial struc
ture, more than one treatment in the same cancer type, 
more than one cancer type with the same/different treat
ments, or both, potentially allowing for borrowing of 
information between parallel subcohorts and a shared 
control arm [14]. They may also incorporate interim de
cision points and adaptive elements [14]. This is key to 
increasing operational efficiency and generating com
plementary, fit-for-purpose, and timely evidence for mo
lecularly guided therapies that can be used as a proof-of- 
concept to inform further study designs, lead to approval 
by regulatory authorities, and be used as confirmation of 
clinical benefit for health technology assessment (HTA) 
bodies (which typically require randomised data to assess 
comparative effectiveness). This is particularly important 
for rare tumour-agnostic biomarkers that are increasingly 
being recognised in guidelines [3,8,10]. For example, 
NTRK fusions occur at a low prevalence across solid tu
mours (0.30%) [15], and a feasibility analysis of an NTRK 
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trial programme of entrectinib in 12 tumour types found 
the time to study results (progression-free survival) to 
range from 17 to 105 years [12]. Thus, it was deemed that 
traditional clinical trials are not always feasible for this 
approach. One example of a modified study design that 
may be used to circumvent this challenge is the phase II, 
global, open-label, multicohort TAPISTRY trial 
(NCT04589845), which provides a platform for evalu
ating the safety and efficacy of targeted therapies or im
munotherapy in patients with metastatic solid tumours 
harbouring specific oncogenic targetable genomic altera
tions or a high TMB, as identified by a validated NGS 
assay [16]. 

Modified study designs might also be important for 
tumour types for which histological classifications are 
challenging, such as cancer-of-unknown-primary- 
origin (CUP), a heterogeneous group of metastatic 
cancers without an identifiable primary tumour, de
spite thorough clinical workup [17]. In this malignancy, 
median overall survival remains particularly low at ≤1 
year amongst patients in the unfavourable cohort 
(80–85% of cases, defined per ESMO guidelines)  
[18,19]. For these patients, previous clinical guidelines 
still recommended empirical platinum- or taxane-based 
chemotherapy [20,21]. However, the ESMO guidelines 
now recommend the application of NGS to identify 
potentially actionable genomic alterations in patients 
with CUP [19], and previous retrospective NGS-based 
analyses of CUP specimens have shown that patients 
can be matched to tailored treatment arms based on 
their molecular profile [22–24]. Moreover, retrospective 
data also suggest that patients with CUP benefit from 
molecularly informed treatments [25]. Therefore, mo
lecularly guided therapies are becoming a considera
tion and are being tested in clinical trials of CUP [26]. 
Other pertinent examples exist, such as in HER2-ne
gative metastatic breast cancer, where the SAFIR02- 
Breast trial (NCT02299999), a prospective, randomised 
trial, showed that targeted therapies matched to 
genomic alterations classified as level I/II, based on the 
ESMO Scale for Clinical Actionability of Molecular 
Targets (ESCAT, which provides a robust, precise de
finition of actionability despite several less-robust de
finitions existing) [27], improved progression-free 
survival in these patients, compared with maintenance 
chemotherapy [28]. 

In this review, we outline the background and pur
pose of modified study designs and detail important 
aspects of these studies from a multistakeholder per
spective (patient representatives, treating physicians, 
principal investigators, industry, regulatory bodies, 
HTA bodies) [29]. We also provide methodological 
considerations when designing modified studies to sup
port decision-making (e.g. regulatory approval, HTA 
body reimbursement decisions and/or clinical treatment 
decisions) and highlight how insights from certain trials 

may address current challenges and opportunities in the 
era of personalised oncology. 

2. Modified study designs: background, purpose and key 
aspects 

In 2006, imatinib was approved for five new indications 
based on a single-arm, non-randomised phase II clinical 
trial, in which patients were only eligible if they had a 
life-threatening malignancy known to be associated with 
one or more imatinib-sensitive tyrosine kinases that had 
proven refractory to standard therapy, or for whom no 
proven conventional therapy existed [30]. The approval 
was granted due to the responses seen, the rarity of the 
diseases and the fact that there were no proven therapies 
with a good outcome; this was despite the single-arm 
study design (which is still accepted for drug approvals 
in certain circumstances; the question then is around the 
required confirmatory data). Since then, many other 
studies with modified designs have been performed, with 
a rapid increase over the years [31]. Such studies may be 
used alone or in combination with randomised trials, 
depending on the rarity of the malignancies investigated.  
Table 1 presents a summary of key, currently ongoing 
studies with modified designs [16,32–45]. 

Modified study designs may be exploratory or con
firmatory. Exploratory trials (e.g. SHIVA01 
[NCT01771458] [46], MOSCATO 01 [NCT01566019]  
[47], I-SPY 2 [NCT01042379] [48]) typically do not re
quire type I error protection, and adding/removing 
treatment arms does not generate statistical challenges. 
Confirmatory trials (e.g. ALKA-372-001 [EudraCT 
2012-000148-88], STARTRK-1/2 [NCT02097810/ 
NCT02568267], the randomised Lung-MAP trial 
[NCT02154490]), on the other hand, ideally include a 
control and are randomised (control could also be non- 
randomised, internal or external, concurrent or non- 
concurrent), have type I error protection and the addi
tion/removal of arms must happen within statistically 
rigorous, adaptive design methodology [49]. Ex
ploratory trials may be used to facilitate regulatory 
approvals of molecularly guided therapies and as proof- 
of-concept studies to inform the design of postapproval 
confirmatory trials, which can generate clinically 
meaningful data for HTA reimbursement decisions. 

The major types of modified study designs include 
umbrella, basket, and platform trials (Fig. 1). In basket 
trials, patients with multiple cancer types are enrolled, 
with eligibility based on a particular predictive biomarker 
that is targeted by the same compound (Fig. 1a). Key 
basket trials include ALKA-372-001, STARTRK-1 and 
STARTRK-2, which investigated entrectinib in patients 
with metastatic or locally advanced NTRK fusion-positive 
solid tumours [50]. Other examples include LOXO-TRK- 
14001 (NCT02122913), SCOUT (NCT02637687) and 
NAVIGATE (NCT02576431; larotrectinib for metastatic 
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NTRK fusion-positive solid tumours) [51], ARROW 
(NCT03037385; pralsetinib for metastatic RET fusion- 
positive medullary thyroid cancer, non-small cell lung 
cancer, and other solid tumour types) [52], and LIBRE
TTO-001 (NCT03157128; selpercatinib for metastatic 
solid tumours and RET fusion-positive solid tumours)  
[4,53]. Such a homogeneous approach assumes extra
polation of the clinical effect of a compound across 
multiple tumour types based on a single marker; however, 
as seen historically, different tumour types with the same 
molecular alteration may not respond equally to the same 

targeted therapy [54]. Basket trials may be particularly 
useful for tumour-agnostic biomarkers, and ESMO has 
deemed such study designs appropriate when assessing the 
suitability of a particular biomarker for routine clinical 
use [27]. 

In an umbrella trial, a particular cancer type is stratified 
into smaller biomarker-driven subgroups, with a different 
therapy given to each; this is often applied to cancer types in 
which multiple biomarkers of predictive efficacy exist 
(Fig. 1b). Under the design of umbrella studies, each parallel 
substudy includes distinct assumptions about the underlying 

(a)

(b)

(c)

Fig. 1. Summary of (a) basket, (b) umbrella and (c) platform trial methodology. R, randomisation.  
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effect size. Key examples of umbrella studies include UPS
TREAM (NCT03088059) for squamous cell carcinoma of 
the head and neck, VIKTORY (NCT02299648) for gastric 
cancer, ALCHEMIST (NCT02194738) and Lung-MAP 
(NCT02154490) for lung cancer, and ADAPT 
(NCT01781338) and plasmaMATCH (NCT03182634) for 
breast cancer. 

In contrast with umbrella and basket studies, platform 
trials, or multiarm, multistage trials assess multiple tar
geted therapies in multiple biomarker-selected popula
tions of particular or multiple cancer types (Fig. 1c). 
Platform trials are conducted in a perpetual and open- 
ended manner, with treatment arms being removed from 
the trial and additional treatment arms being added, as 
appropriate. An example of a platform trial is the 
TAPISTRY study, as discussed above. The primary 
endpoint of TAPISTRY, as is the case for many platform 
trials (see Table 1), is ORR using the Response Evalua
tion Criteria in Solid Tumours. ORR is generally assessed 
earlier in the trial, requires a smaller sample size com
pared with time-to-event endpoints such as overall sur
vival, and has already been used for targeted therapy 
regulatory approvals in oncology [55]. ORR may be 
more robust than the short-term time-to-progression 
ratio, which has also been used in modified studies [38], 
but has a greater potential to be adversely affected by 
disease characteristics unique to each patient’s tumour  
[56]. However, while a good measure of antitumour ac
tivity, ORR does not capture patients with stable disease 
(or differentiate between those with a complete or partial 
response), may vary in definition between studies, re
quires frequent radiological or other assessments and 
does not always correlate with other endpoints such as 
progression-free or overall survival (particularly for im
mune checkpoint inhibitors) [55–57]. A detailed review of 
oncology clinical trial endpoints is not in the scope of this 
article but can be found in Delgado et al. 2021 [56]. 

Umbrella, basket and platform trials may all include 
an ‘adaptive’ element, enabling new substudies to be 
introduced or existing substudies to be removed, or 
existing arms to be expanded to include more patients, 
as evidence is generated [14,58]. A major example of 
such a study design is the STAMPEDE trial 
(NCT00268476), which was initially structured in 2005 
as a six-arm (control arm and five experimental therapy 
arms), five-stage platform trial of different therapies for 
men with locally advanced or metastatic prostate cancer 
starting hormone therapy [32,33]. Since then, the trial 
has been modified multiple times [33], with the STA
MPEDE protocol currently being on its 23rd version  
[59]. STAMPEDE has been successful thus far with 
non-targeted approaches that can apply across the en
tire population (e.g. radiotherapy, chemotherapy). 

Based on the type of modified study, various meth
odological aspects should be considered during devel
opment. Examples of such considerations are detailed in 
the next section. 

3. Modified study designs: key methodological 
considerations, challenges and opportunities 

Emerging modified studies must generate fit-for-purpose 
evidence (i.e. for proof-of-concept, regulatory approval 
or confirmatory clinical evidence) that is aligned with 
the perspectives/requirements of multiple stakeholders 
(Table 2). With the continually rising number of new 
molecular entities and diagnostic tests, there is an in
creased need for biopharma and multistakeholder, pri
vate–public collaboration to enable the optimal 
treatment strategy for each patient based on their mo
lecular profile. 

Modified study designs can expedite drug develop
ment by enhancing operational efficiency. This is be
cause the same infrastructure is developed and 
implemented for multiple substudies, including site se
lection, centralised patient screening and molecular 
testing, data management and analysis, and investiga
tional review board/ethics/trial monitoring committees  
[60]. In addition, basket studies offer the opportunity for 
borrowing of information between parallel substudies, 
which (under some assumptions) makes for more effi
cient use of the available data compared with a per- 
substudy analysis. This can reduce patient burden, ex
pedite drug development, reduce cost, increase multi
stakeholder engagement, and, in turn, improve patient 
care. Borrowing will require a careful review of the as
sumptions depending on the scientific purpose and needs 
of the trial (e.g. exploratory or confirmatory) [60–62]. 
The key assumption for borrowing when using Bayesian 
hierarchical models is the full parameter (e.g. response 
proportion) exchangeability (e.g. as shown in 
Neuenschwander et al. [62]). The main challenges in a 
basket trial are (1) whether the exchangeability as
sumption is realistic, and (2) assessing the operating 
characteristics of the design. For the former, extensions 
such as the exchangeability–non-exchangeability design 
exist, which allows each stratum-specific parameter to be 
exchangeable with other similar strata parameters or 
non-exchangeable with any of them. Operating char
acteristics are typically assessed via simulations. To in
crease trial efficiency further, confirmatory umbrella and 
platform trials may utilise a common, typically rando
mised control for all treatment arms, which would nor
mally be the accepted standard of care for the particular 
tumour type being studied [63]. This can save time and 
resources and make a trial more appealing/accessible to 
patients as they have a greater chance of being rando
mised to an experimental treatment arm [60]. However, 
having a shared control arm increases the risk of false 
positives, as tests against the shared control are all cor
related [61]. In addition, it should be noted that the 
standard of care in a particular indication may vary over 
time, introducing a risk of bias for non-aligned controls; 
this may require analytical adjustments or setup of new, 
aligned controls [61]. The subsequent impact on the 
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patient population and study timelines must also be 
considered. For example, the control arm of STAMP
EDE was amended to include docetaxel, as well as an
drogen deprivation therapy, to reflect the change in the 
standard of care for prostate cancer. 

A second option for the control arm is using the pa
tient as their own control, by comparing the efficacy of a 
particular drug to that of prior treatments received, as is 
being performed in the SHIVA02 trial (NCT03084757)  
[39,40]. This requires assumptions related to the growth 

of the tumour over time, a likely reasonable task over a 
short period in the recurrent/metastatic setting and 
avoids challenges associated with interpatient hetero
geneity (particularly for tumour-agnostic therapies) [40]. 
However, this is not applicable to all tumour types; for 
example, central nervous system-based tumours. Such a 
control is only valid if the efficacy of the treatments at the 
two time points has been assessed using the same re
sponse evaluation criteria and with the same timing 
(e.g. in SHIVA02) [39,40]. 

Table 2 
Multistakeholder perspectives of modified study designs.    

Stakeholder Key aspects of modified study design  

Patient representatives  • Involves quick, affordable and easy access to the most promising treatment under one trial and is aligned with 
current standard of care  

• Enables simultaneous testing at the earliest possible disease stage, with minimal movement between centres to 
ensure low burden  

• Ensures patients have access to both diagnostic and treatment centres, as appropriate  
• Allows patients who have already received treatment to participate  
• Demonstrates a global footprint, with patients able to enter regardless of their geographical location  
• Ideally been set up in collaboration with patients and patient advocates, who are able to raise awareness of pan- 

tumour and agnostic trials as well as details of the approvals process  
• Uses learnings from trials conducted during the COVID-19 pandemic (e.g. decentralised, digital-based options) 

to reduce patient burden  
• Provides insights into possible new tumour markers or information on prevalence of certain tumour markers that 

have been able to be tested on more people using CGP in modified study designs  
• Has the potential to identify the most efficacious treatment options with the fewest possible side-effects quicker  
• Addresses unmet need in disease area  
• Generates best possible evidence to assist patients and their physicians to assess potential therapies, particularly if 

several treatment options exist 
Treating physician  • Increases the chance for identifying the best possible treatment for the patients (most efficacious with the fewest 

possible side-effects)  
• Generates the most appropriate evidence to aid treatment decision-making with their patient, particularly if 

several treatment options exist  
• Facilitates equity of access for all patients with different tumour types that may benefit from molecularly guided 

therapies, with appropriate referral networks if needed  
• Involves minimal financial burden for patients 

Principal investigator  • Is well designed to provide clear clinical answers and enable effective therapeutic decisions and appropriate safety 
measures for the patients in the trial  

• Increases data harmonisation  
• Provides guidance on protocol development and answers to any outstanding questions (e.g. for regulatory 

decision-making to inform clinical practice)  
• Enables patients to access promising molecular therapies  
• Facilitates support for investigator-initiated studies and translational studies  
• Harnesses communication between investigators 

Industry  • Demonstrates incentive to develop targeted drugs and market treatment algorithms  
• Uses shared learnings to result in efficient clinical trials/drug development that provide answers quicker, without 

compromising on patient safety and data integrity  
• Provides a platform to incorporate treatments from different companies under one trial, enabling risk sharing 

Regulatory bodya  • Informs benefit–risk decisions (particularly in late-phase drug development)  
• Incorporates type I error protection (which many academic platform trials, e.g. STAMPEDE and those run for 

COVID-19, do not offer) in a confirmatory setting  
• Considers that acceptability of RWE may differ between regulatory bodies 

HTA body  • Establishes evidence for clinical and cost-effectiveness  
• Has a high internal validity  
• Provides support for the required external validity in order to enable reimbursement decisions  
• Reduces decision uncertainty 

CGP, comprehensive genomic profiling; EMA, European Medicines Agency; FDA, US Food and Drug Administration; HTA, health technology 
assessment; RWE, real-world evidence.  

a Accelerated or conditional pathways for FDA and EMA may allow for smaller, more efficient studies to be used for initial acceptance, but may 
limit the chances of acceptance by other regulators.    
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Lastly, high-quality real-world data (RWD) from 
patient registries or electronic health records may also 
be used as an external control arm, by comparing the 
outcomes of treated and non-treated patients and using 
the appropriate methodology to account for potential 
sources of bias [64]. Wearables are another source. Ex
amples of such methodology may include the use of 
control groups with highly detailed data regarding 
baseline demographics, and selection of a control prior 
to performing comparative analyses [65]. Multiple in
itiatives to collect RWD are ongoing, including the 
American Association for Cancer Research Project 
GENIE [66], WAYFIND-R [67], MoST [38], cancer 
registries of Norway, Finland and Denmark [68–70], the 
Netherlands Cancer Registry [71], DIGital Institute for 
Cancer Outcomes Research [72], and the European 
Health Data Space by the European Commission [73]. 
The US FDA and the EMA have recently recognised 
the importance of RWD as a source of complementary 
evidence for regulatory decisions [74,75]. However, 
data in registries and other sources of RWD, while 
plentiful, are frequently non-standardised, incomplete, 
non-accessible and siloed, which limits linkage and 
pooling between data sets and their consequent useful
ness in answering particular scientific questions [76]. 
Measures and processes to ensure data quality or 
relevancy are often missing [76]. Therefore, to enable the 
use of RWD as an external control in modified study 
designs, standardised, global and longitudinal data- 
collection platforms are needed to obtain high-quality 
RWD from patients with solid tumours who have un
dergone NGS profiling. Overall, the choice of control 
arm depends on previous clinical evidence and the 
purpose of the trial [65]. For the use of RWD external 
controls, there are different considerations; for example, 
having the right data source, ensuring that the patient 
population in the RWD source is not too different from 
the trial population to avoid bias, context of use and 
good rationale of why a concurrent control in the trial is 
not possible (e.g. small patient population) and stan
dard of care that has not changed much between the 
RWD source and the trial [77]. 

A key consideration in modified study designs is the 
use of centralised or investigator-assessed molecular 
profiling. Large-scale centralised profiling can be utilised 
in umbrella studies, allowing the testing of multiple bio
markers at once, reducing dependency on the resources 
of individual sites, and, critically, increasing patient 
convenience/accessibility. However, it traditionally relies 
on a large amount of high-quality tissue, which may not 
always be available in the context of multiple trials and 
diverse diagnostic tests [14]. In contrast with centralised 
screening, investigator-assessed profiling can speed up 
enrolment and identification of eligible subjects and is 
more suitable for basket trials in which only one bio
marker is being assessed; however, such profiling may 
lead to a lack of harmonisation of screening and 

challenges with the generalisability of the results [14]. In 
the European Union (EU), regardless of the test to be 
used, all in vitro diagnostic tests should meet require
ments outlined in the May 2022 EU In Vitro Diagnostic 
Regulation [78], with adequate performance character
istics (e.g. scientific validity, analytical, and clinical per
formance) and established procedures for sample 
acquisition, handling and testing [63]. 

The choice of diagnostic test as part of modified 
study designs varies according to the biomarker profile 
to be assessed. Liquid biopsy via circulating tumour 
DNA may be of use in situations in which limited tissue 
is available for NGS-based molecular diagnostics or 
when serial sampling is required to monitor markers of 
efficacy and resistance over time (serial sampling may 
increase patient burden and impact willingness to par
ticipate in the trial). Notably, the use of liquid biopsy is 
supported in clinical guidelines for advanced lung 
cancer and breast cancer, and the assays Guardant 360 
CDx and FoundationOne® Liquid CDx have received 
FDA approval as companion diagnostics across a range 
of solid tumour types [8,79–82]. However, extending the 
clinical application of circulating tumour DNA will re
quire recognition of its relevance and value by reg
ulatory agencies; a unified and collaborative approach 
to transforming clinical trials is needed to facilitate more 
rapid uptake into clinical practice. 

To aid therapy decision-making in personalised on
cology, molecular tumour boards (MTBs) including a 
range of clinical and molecular expertise are critical and 
should be included as part of modified study designs  
[83]. This becomes more relevant as the complexity and 
scale of data generated through NGS increase; a survey 
of 1281 United States oncologists found that only 38% 
were very confident in using NGS to inform patient care  
[84]. Furthermore, a survey of clinicians across 19 
European countries found that 39% were concerned 
with the turnaround times for NGS tests, the reliability 
of samples and with the interpretation of results [85]. 
The use of MTBs as a mechanism to support clinical 
decision-making is therefore key in aiding the education 
of healthcare professionals and ensuring patients in 
trials receive the most appropriate treatment based on 
their molecular profile. MTBs may form part of clinical 
decision support systems, as seen in the Molecular 
Tumor Board Portal by Cancer Core Europe [86]. Al
though the use of MTBs in modified studies may be 
limited by difficulties in obtaining multidisciplinary ex
pertise or logistical challenges in community practices or 
small institutions, remote participation at virtual MTBs 
may provide an innovative solution [87]. For example, 
the IMPRESS study includes a weekly, virtual, national 
MTB, consisting of healthcare professionals with broad 
competencies such as pathology, oncology, haema
tology, molecular biology and bioinformatics, the re
ferring clinician, and others such as trial coordinators 
and local clinicians [45]. 
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Overall, modified studies have been mostly used in 
exploratory/signal-seeking settings. 

CUPISCO (NCT03498521) is a fully powered, rando
mised controlled trial of targeted therapy/cancer im
munotherapy versus platinum-based chemotherapy in 
patients with previously untreated, unfavourable CUP 
(defined per the ESMO guidelines [19]), and with features 
of an adaptive umbrella design (e.g. multiple targeted 
therapies or immunotherapies that can be added to/re
moved; Fig. 2) that could help the development of drugs in 
CUP [88]. CUPISCO has included some of the con
siderations above, thus helping to inform the design of 
future studies of molecularly guided therapies in CUP and 
other tumour types, as detailed in the next section. More 
efficient study designs, such as that of CUPISCO, are 
needed, depending on sample sizes, to inform regulatory 
approval of existing molecularly guided therapies in CUP. 

4. CUPISCO: helping inform the design of future studies 

As shown in Fig. 2, CUPISCO is comparing the efficacy 
and safety of multiple targeted therapies or cancer im
munotherapies, guided by genomic profiling, with pla
tinum-based standard chemotherapy, in patients with 
newly diagnosed, unfavourable CUP. CUPISCO assesses 
the effectiveness of a personalised oncology treatment 
approach and, depending on sample size, results from 
CUPISCO may be used to inform regulatory approvals 
of targeted therapies in CUP. All enrolled patients re
ceived genomic profiling using the latest comprehensive 
genomic profiling (CGP)-based diagnostic tests 
(i.e. FoundationOne® CDx or FoundationOne® Liquid 
CDx), both of which have been approved for all solid 

tumour types [81,89]. After three rounds of induction 
platinum-based chemotherapy, patients experiencing 
disease control (partial or complete response, or stable 
disease) were randomised in a 1:3 ratio to either standard 
chemotherapy continuation or experimental treatment 
with molecularly guided therapies, following assignment 
by a global, interdisciplinary MTB. The use of an MTB 
ensures that all patients receive the most appropriate 
treatment based on their molecular profile. Patients not 
responding to induction chemotherapy also undergo 
MTB-based treatment assignment for the same molecu
larly guided therapies, but in a non-randomised fashion 
and without a control arm. Patients were treated until 
loss of clinical benefit and were monitored for progres
sion-free survival (primary endpoint), as well as overall 
survival, clinical benefit duration and safety (secondary 
endpoints). The use of an exploratory arm in patients 
experiencing disease control will provide insight into 
whether CGP-informed therapies are superior to stan
dard platinum-based chemotherapy in CUP. 

Therapies included in CUPISCO are from different 
biopharmaceutical partners, helping to tackle newly 
described molecular alterations based on suggestions 
made by the MTB. For example, pemigatinib (Incyte) 
and ivosidenib (Servier) were added as experimental 
treatment arms after a retrospective analysis of CUP 
specimens referred for NGS demonstrated that 3.6% 
and 3.3% of patients with CUP harbour alterations in 
FGFR2 and IDH1, respectively [22]. The same analysis 
showed ∼32% of patients to be eligible for targeted 
therapy in CUPISCO [22], similar to the 38% of 5954 
patient tumour biopsies in the analysis discussed pre
viously [11], shedding further light on the proportion of 

Fig. 2. CUPISCO study design. aBased on eligibility criteria that are summarised at ClinicalTrials.gov: NCT03498521. Randomisation is 
stratified by gender and response during the induction period (CR + PR versus SD). CGP, comprehensive genomic profiling; CR, 
complete response; CUP, cancer of unknown primary origin; EOI, end of induction; EOT, end of treatment; MGT, molecularly guided 
therapy; MTB, molecular tumour board; OS, overall survival; PD, progressive disease; PR, partial response; PT, pretreatment; R, 
randomisation; SD, stable disease. 
Used with permission from Ross JS, et al. Comprehensive genomic profiling of carcinoma of unknown primary origin: retrospective 
molecular classification considering the CUPISCO study design. Oncologist 2021;26:e394-e402. [22] 
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patients with CUP harbouring potentially targetable 
genomic alterations, which is informative for recruit
ment into trials in this setting. 

The development of CUPISCO has also involved 
collaboration with patient advocacy groups and edu
cational efforts to raise awareness of the relevance of 
personalised oncology in CUP among healthcare pro
fessionals, patients, and the general public. Such part
nership when designing modified studies is key to ensure 
that the efficacy evidence generated from such trial de
signs is aligned with the perspectives of multiple stake
holders and can impact/expedite the regulatory approval 
of molecularly guided therapies. Studies designed as 
proof-of-concept might not necessarily be seen as un
problematic for cost-effectiveness decisions. Yet, HTA 
bodies and payers deal with limited data in different 
ways, but it is generally acknowledged that, in certain 
disease areas, evidence expectations need to be adjusted. 
It is less a question of sufficient amounts of data (in 
terms of sample sizes), but rather the ability to sub
stantiate the relative effectiveness (and clinical relevance 
to patients) and potential long-term trends. If the 
strength of evidence on the natural history of the con
dition, clinical relevance of outcomes and the ability to 
contextualise is sufficiently available (in some situations, 
external contextualisation might be acceptable as the 
only viable option), innovative study designs can be 
considered sufficient to allow reimbursement under 
large uncertainty (see the below example of IMPRESS). 
Another example, DRUP, a multidrug, pan-tumour 
trial, is aiming to identify signals of clinical benefit of 
approved drugs used outside their label in rare, mole
cularly defined subsets of patients with cancer and also 
involves treatments from different biopharmaceutical 
companies [37]. The Dutch Healthcare Institute and 
insurance agencies have now embraced a pay-for-per
formance model inside DRUP for stage III cohorts; 
positive results from the first stage III cohort have led to 
reimbursement of nivolumab in patients with micro
satellite instability-high tumours [37]. In collaboration 
with the DRUP trial, the Regional Health Authorities in 
Norway have also recently decided to reimburse patients 
who are included in the expansion cohorts in the IM
PRESS-Norway trial (starting with olaparib for patients 
with biallelic BRCA1 and/or BRCA2 inactivation), ac
cording to a similar pay-for-performance model [90]. 
These examples stress the importance of biopharma
ceutical and multistakeholder collaboration in order to 
enhance patient access to molecularly guided therapies. 

CUPISCO and DRUP are two positive examples of 
clinical trials that involve treatments from different 
biopharmaceutical companies. There are challenges as
sociated with this approach, especially in the contractual 
and legal setup of clinical trials and in the definition of 
sponsorship, that need to be solved before this will be
come main practice. However, as shown in Table 2, all 
stakeholders should work together to overcome these 

challenges and provide the community with learnings 
from the experiences with CUPISCO, DRUP and other 
trials. 

In terms of regulatory approvals, the FDA and EMA 
have recognised the value of modified studies to accel
erate drug development [63,91], and such studies have 
already resulted in approvals of molecularly driven 
therapies in rare indications, for example, in tumour- 
agnostic therapies [40]. Conditional approval, which 
allows for expedited drug access while further data are 
generated, is an important strategy by which regulatory 
bodies deal with uncertainty. This demonstrates how 
modified study designs are beginning to challenge the 
status quo of regulatory decisions by showing the ben
efit of molecularly guided therapies as a treatment ap
proach rather than as individual molecules. However, to 
fulfil the full potential of modified study designs, their 
designs and definitions should be aligned with reg
ulatory guidance, which has been shown to be lacking  
[92]. Furthermore, to translate regulatory approvals of 
targeted therapies from modified study designs into 
positive HTA decisions, discussions with HTA bodies 
are needed to ensure that the design of modified studies, 
including any treatment comparators, is acceptable 
from their perspective [93]. 

Despite the potential learnings that CUPISCO can 
bring, insights from other studies are also critical 
(Table 1). A feeder layer of rapid and complementary 
exploratory approaches will be critical to substantiate 
prioritising (or deprioritising) candidates for con
firmatory trials, which will almost certainly take longer 
to generate statistically valid outcomes. 

5. Conclusions and future outlook 

Modified study designs that increase operational and, 
potentially, statistical efficiency, are needed for evidence 
generation in small molecular-based patient subgroups 
and to support decision-making in personalised on
cology. Such study designs should incorporate a multi
stakeholder perspective (regulatory bodies, patient 
representatives, treating physicians, principal in
vestigators, HTA bodies, industry) [29] to ensure that 
the evidence generated can be used for regulatory ap
proval, HTA body reimbursement decisions and/or 
clinical treatment decisions. Learnings from current 
modified studies can inform various methodological 
considerations for others in the future, including bor
rowing of information in basket trials, choice of a 
control, use of centralised or investigator-assessed pro
filing, choice of diagnostic test and inclusion of an 
MTB. For example, as the number of molecular cancer 
subclassifications and tumour-agnostic therapies con
tinues to increase, the choice of a control arm for 
modified study designs becomes more relevant, parti
cularly regarding the use of each patient as their own 
control. Overall, a change in trial designs is required to 
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evaluate targeted therapies as a treatment approach 
rather than as individual molecules, as seen in CU
PISCO, in order to help realise the numerous opportu
nities of personalised oncology. 
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