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>10 years ago: types of biomarker-based trials
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Review

to be confirmed in prospective studies, as described later in this 
article. The retrospective phase of the validation process can be 
illustrated by the MammaPrint™ microarray-based signature 
developed by The Netherlands Cancer Institute (Amsterdam, 
The Netherlands) in a small sample of 78 untreated patients with 
the goal of predicting the occurrence of distant metastases in 
women with early breast cancer [13]. A retrospective ana lysis iden-
tified a 70-gene signature as a strong prognostic marker for the 
occurrence of metastases within 5 years of resection. In a larger 
sample of patients treated at the same institution, patients with a 
poor-prognosis MammaPrint signature were confirmed to have a 
much higher risk of distant metastases within 5 years compared 
with patients with a good-prognosis signature [14]. An indepen-
dent validation study of the signature was then conducted involv-
ing independent samples contributed by several European centers, 
with results confirming that the gene signature adds prognostic 
information over and above that provided by a binary risk classi-
fier based on the other known clinical and patho logical factors [15]. 
Although these results were impressive, the clinical usefulness of 
the signature was still in question, especially because the predic-
tive accuracy of the signature was attenuated with longer follow-
up (i.e., including patients who developed distant metastases after 
5 years of follow-up) [16,17]. The negative-predictive value of the 
signature for distant-metastasis-free survival status at 5 years after 
diagnosis was relatively high (0.9 in the Amsterdam series; 0.84 in 
the validation series), but the positive-predictive value of the sig-
nature was rather modest (0.63 in the Amsterdam series; 0.30 in 
the validation series). Hence, the signature could not be claimed, 
in and of itself, to be a sufficiently accurate predictor of which 

patients would develop metastases and could not provide the sole 
basis for a treatment decision. Overall, the clinical utility of this 
signature, that is, its ability to influence a therapeutic decision, 
remains to be confirmed in prospective trials [17,18]. In the USA, 
the development of the commonly used signature, Oncotype 
DX®, followed similar steps [19]. 

Retrospective identification of predictive biomarkers
For a biomarker to be predictive, the baseline value, or changes 
in the values of the biomarker over time, must be shown to 
predict the efficacy or toxicity of a treatment, as assessed by a 
defined clinical end point. For a putative predictive biomarker 
to be validated, its ability to predict the effects of treatment 
(or lack thereof ) should be demonstrated repeatedly in mul-
tiple studies. The statistical identification of predictive mark-
ers requires data from randomized trials that include patients 
with both high and low levels of the biomarker. Retrospective 
analyses may be sufficient to identify candidate predictive bio-
markers and validate them to a degree that enables them to be 
incorporated into trial design and clinical practice, although 
definitive evidence may still require prospective clinical trials. 
The retrospective identification and provisional validation process 
can again be illustrated by Oncotype DX in early breast cancer. 
Using data from the Southwest Oncology Group (SWOG)-8814 
trial (NCT00929591) [101], a higher recurrence score was dem-
onstrated to predict a larger benefit of chemotherapy given in 
combination with tamoxifen in postmenopausal women with 
node-positive, estrogen-receptor-positive tumors [20]. Another 
notable example of retrospective identification of a predictive 

Table 2. Trial designs using biomarkers.

Trial 
phase 

Treatment Biomarker 
type

Validated 
biomarker 

Trial design Examples

Standard Prognostic No Retrospective series MammaPrint™ in early breast cancer
Oncotype DX® in early breast cancer

Standard Predictive No Retrospective 
analyses of 
randomized trials

Oncotype DX in early breast cancer (SWOG-8814)
KRAS mutations in advanced colorectal cancer (CRYSTAL)
EGFR mutations in non-small-cell lung cancer (IPASS)

III Standard Prognostic No Clinical utility MINDACT in early breast cancer
TAILORx in early breast cancer

III Standard Predictive No Randomize-all
Interaction 
Biomarker strategy

MARVEL in non-small-cell lung cancer
P53 in advanced breast cancer
ERCC1 in non-small-cell lung cancer

II Experimental Predictive Yes Targeted
Bayesian

Herceptin in advanced breast cancer
BATTLE in non-small-cell lung cancer
I-SPY 2 in advanced breast cancer

III Experimental Predictive Yes Targeted PETACC-8 in advanced colorectal cancer
TOGA in advanced gastric cancer

II Experimental Predictive No Adaptive parallel
Tandem two-step
TTP ratio

Dovitinib in HER2-negative advanced breast cancer 
Saracatinib in pancreatic cancer
Molecular profiling in various tumor types

III Experimental Predictive No Enrichment 
Prospective subset

IPASS in non-small-cell lung cancer
SATURN in non-small-cell lung cancer

TTP: Time to progression.

Integrating biomarkers in clinical trials

Buyse, Michiels et al, Expert Rev Mol Diag 2011



West Jama Oncol 2017



Today’s Glossary
Master protocol : Single overarching design in which parallel multiple clinical “trials” 
with different hypotheses are performed

Basket trial : Biomarker-based (randomised or not) clinical trial that includes multiple 
histologies investigating a therapeutic intervention, such as a drug or a drug 
combination targeting a specific molecular aberration across different cancer types. 

Umbrella Trial : Biomarker-based (randomised or not) clinical trial that is histology-
specific investigating different therapeutic interventions, such as different drugs or drug 
combinations, matched to different molecular aberrations in a single cancer type. 

Platform trials : allow flexible addition of new treatment arms or patient subgroups, 
often multi-arm multistage trials. Can be “perpetual”! 

ESMO Precision Medicine Glossary Ann Onc 2018; Park et al Trials 2019



Park et al Trials 2019; 
Haslam et al EJC 2023



A basket trial in France: Acsé
• AcSé crizo (launched in 2013) : a multi-basket phase II trial of 

crizotinib across cancer types, using molecular screening platforms 
labeled by the national cancer institute (INCa)

Clinical trial information: NCT02034981

FRENCH NATIONAL CANCER INSTITUTE 
2015-2016 SCIENTIFIC REPORT
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MOLECULAR GENETICS CENTRES: 
ACTIVITY INDICATORS
Predictive molecular testing in France in 2015: Activity of the 28 molecular genetics centres
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• Analysis can be performed in a 
frequentist or in a bayesian fashion

• Baskets can be treated
independently or information can
be shared across baskets

Berry Clin Trials 2013, Cunanan Stat Med 2017; 
Hobbs Stat med 2018; Chu Clin Trials 2018; Nan 
SMMR 2022; Zheng Biostatistics 2022



Ellis, http://www.effectsizefaq.com

Remember the 
statistician’s

nightmare

• Type I and II errors
for treatments

• Type I and II errors
for biomarkers

http://www.effectsizefaq.com/


• Most of the times: 
single-arm trials with
response rate as 
endpoint

Use of basket trials in oncology
Number of studies (up to early 2022) 180

Number of study participants, median 
(IQR) 94 (47, 242)

Phase, n (%)
I 18 (10.0)

I/II 30 (16.7)
II 131 (72.8)

Not indicated 1 (0.6)
Randomisation, n (%)

Randomised 5 (2.8)

Non-randomised with multiple groups 59 (32.8)

Single arm 115 (63.9)
Not indicated 1 (0.6)

Haslam et al EJC 2023



FDA’s « tentative » surrogate endpoints

Surrogate endpoint Type of approval 
appropriate for

Durable objective overall 
response rate (ORR)

Accelerated/Traditional 

Progression free survivial 
(PFS)

Accelerated/Traditional 

Disease-free survival (DFS) Accelerated/Traditional 

Event-free survival (EFS) Accelerated/Traditional 
Pathological complete 

response (pCR)
Accelerated

• Response rates (ORR or pCR) not
validated as surrogate endpoint

•Single-arm phase-II trials with
response rates poorly control for the
“true” false positive rate if the of null
response rate is misspecified (Baey
Eur J Cancer 2011)

•Risk-benefit approach for use of
surrogate as primary endpoint in
conditional approval?
•Improved postapproval monitoring
mechanisms

https://www.fda.gov/drugs/development-resources/table-surrogate-endpoints-were-basis-drug-approval-or-licensure



Basket trials

Haslam BMC Cancer 2023

• Prognostic effect of biomarker
varies or treatment effect
varies across histologies?



Basket trials
• Several design propositions for randomised basket trials, even with Bayesian borrowing 

(Ouma J R Stat Soc Ser C Appl Stat 2022), or a frequentist method for time-event and 
interim analyses (He SMMR 2022)

• Sharing across substudies requires a preplanned biological and clinical rationale

• Assessment of the benefit/risk in pooled target populations can be complicated by 
differences in design or in efficacy/safety signals between the substudies (Collignon C 
Clin Pharmacol Ther 2020)  

• Distinguish exploratory basket trials from confirmatory basket trials 
-Basket design with bayesian False Discovery Rate control (Zabor Clin Trials 2022)

-In a master basket protocol intented for successive submissions à master protocol
family wise error rate may be required (quite similar to subgroup analyses)



Use of umbrella trials in oncology

Haslam et al EJC 2023

Number of studies (up to early 2022) 73
Number of arms 5 (3, 8)
Number of study participants, median 
(IQR) 240 (82, 411)

Phase, n (%)
I 4 (5.5)
I/II 16 (21.9)
II 40 (54.8)
II/III 4 (5.5)
III 2 (2.7)
Not indicated 7 (9.6)
Randomisation, n (%)
Randomised 15 (20.5)
Non-randomised with multiple groups 31 (42.5)
Single arm 16 (21.9)
Observational 9 (12.3)
Not indicated 2 (2.7)

Ouma Front Med 2022

Number of studies (up to 2021) 38
Trial phase

Early phase (I, II) 23 (60.5)
Late phase (III-IV) 3 (7.9)

Seamless (I/II, II/III, III/IV) 10 (26.3)
Unclear 2 (5.3)

Disease setting
Oncology 35 (92.1)

Primary endpoint
time-to-event 9 (23.7)

Binary 18 (47.4)
(others	including	combinations)	 9	(23.7)

Treatment allocation
Randomized 12 (31.6)

Non-randomized 14 (36.8)
Both (randomized and non-randomized) 7 (18.4)

Unclear 5 (13.2)



An umbrella trial in France : 
SAFIR02 trial

Protocol n°UC 0105-1305 / IFCT 1301- EudraCT N°2013-001653-27 
 

 
SAFIR02 Lung±Protocol Version n°5.0  ± June 17th 2016 

33/177 

 
Figure 1 : Study scheme 
 
 

 
 
 
The randomization program will allocate the following treatments with a 2:1 ratio in favor of Arm A: 
 
Substudy 1 : targeted therapies versus standard maintenance therapy 

- Arm A1 / targeted arm: targeted maintenance from a list of 6 targeted drugs guided by the 
genomic analysis, 

or 
- Arm B1 / standard arm: standard maintenance as per guidelines (with pemetrexed in non-

squamous NSCLC only).  
 
Substudy 2 : immunotherapy versus standard maintenance therapy 

- Arm A2 / immunotherapy arm: MEDI4736 
or 
- Arm B2 / standard arm: standard maintenance as per guidelines (with pemetrexed in non-

squamous NSCLC only). 
 
Where disease progression occurs after randomisation in the standard arm (arm B), whatever the 
substudy, a cross-over from arm B to arm A is not allowed. 
 
For substudy 1, the 2:1 randomisation will be stratified by histological subtype (squamous vs non-
squamous), by tumor response (Stable disease vs Tumor response), by smoker/non-smoker and by 
molecular alteration as defined by the following categories:  

Open-label, multicentric phase II Barlesi Clin Cancer Res. 2022



Risk: Heterogeneity of treatment effects
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285 homogeneity assumption. Statistically, lack of homogeneity corresponds to an in-
286 teraction between the MTA effect and patients characteristics. In other words, the
287 algorithm to select the right treatment would be efficient for some molecular
288 alterations (or equivalently for some MTAs) and not for others. For instance, in the
289 SHIVA trial suppose that the MTA selected to match an alteration on the
290 PI3 K/AKT/mTOR pathway is not active in this subset of patients; this would
291 reduce the power of the primary analysis.
292 To illustrate this aspect, let’s consider the following framework. We consider
293 that the outcome is a binary endpoint, e.g. PFS rate at six months assuming no
294 censored observations before 6 months. Six strata of equal prevalence are consid-
295 ered. The trial is designed to demonstrate an increase in the 6-month PFS rate from
296 15 to 33%, that is an odds ratio (OR) of 2:67. As reported in [23], the power of the
297 experiment in presence of heterogeneity across strata would be lower than the
298 planned 80%. In the forest plots in Fig. 3, each line represents the expected MTA
299 effect in a different stratum as measured with an odds ratio (OR) for the binary
300 outcome considered here. In panel A, we have homogeneity of the MTA effect
301 across all strata: whatever the signaling pathway and the prognostic group, the odds
302 ratio for PFS 2.67. Conversely, in panel B, the MTA has no effect in one of the
303 strata and the overall power of the primary stratified analysis is reduced from 80 to
304 66%. The magnitude of the power loss depends on the number of strata where the
305 MTA is not active, as shown in Table 2. The power calculation can be done
306 through simulations or exact calculations [12]. The size of each stratum has also a
307 direct impact on the power (results not shown). Homogeneity tests (or interaction
308 tests) are notoriously underpowered as shown in Table 2 and a strong heterogeneity
309 may remain statistically undetected at the 5% significance level.

Fig. 3 Impact of heterogeneity in the treatment effect related to the algorithm assuming balanced
prevalence for the six different strata and the same follow-up for all patients censored at the cut-off
date. High and low risk denote the risk group; Pathway 1, 2, 3 correspond to the grouping of the
different targets; MTA stands for molecularly targeted agent; CT stands for control treatment; N is
the total sample size; OR stands for odds ratio; Point estimates and 95% confidence intervals
(horizontal lines) are provided. Panel A Homogeneous benefit of the targeted treatment selected
based on molecular alterations in all strata (OR = 2.67); Panel B benefit of the targeted treatment
selected based on molecular alterations in all but one stratum

10 X. Paoletti and S. Michiels
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• Equal randomization 2:1
• Molecular treatment algorithm (function of targetable alterations)
• Add/remove targeted therapies and/or biomarkers
• Targeted substudy will test an ‘average’ treatment effect (powered to detect an 

effect on progression-free survival of HR=0.66 at two-sided a=0.05 with 205 
events) under the assumption of not too strong treatment heterogeneity
across targeted strata

• A frailty model may be useful for the statistical analysis in the case of 
heterogeneous treatment effects (Beisel et al Biom J 2017)

SAFIR02 targeted substudy
characteristics



Adaptive umbrella platform trial

molecular pathology of tumours can be used to inform smaller trials 
as well as to define sources of bias at the molecular level to inform 
early and ongoing therapeutic development. An emerging approach 

is the testing of small numbers of patients underpinned by a deep 
understanding of both the molecular composition of tumours and the 
mechanism of action of the therapeutic agent. Knowledge acquired 
through clinical testing can then inform ongoing preclinical strate-
gies, which in turn refine the clinical-testing approach — a process 
known as forward-and-backward translation (Fig. 5).

Inherent to this approach is a desire to define more effective thera-
pies and to set the bar higher for furthering the progression of a 
therapeutic agent down the drug-development pathway. A shift is 
needed away from the current high-investment drug-development 
approach that is dominated by late-phase trials that predominently 
fail at great expense, towards an approach in which failures are early 
and cheap. This will allow a greater number of potential therapies to 
be assessed while constraining costs. Researchers might even be able 
to test bolder biological hypotheses, particularly in cancers for which 
current therapeutic options are poor. With these tools in hand, and 
developing rapidly, the challenge now becomes to determine how we 
can implement these strategies in the real world.

Master-protocol clinical trials that use umbrella and basket designs 
to enable trial stages to be run in parallel are efficient. However, the 
subdivision of tumour and therapeutic pairs that they create high-
lights a need for more innovative solutions and approaches, particu-
larly in early drug development27,46. For example, there might not be 
enough patients to test the targeted therapeutic using conventional 
designs. Figure 6 shows a suggested strategy for the development 
of therapeutic agents to treat cancer with an overall incidence of 
10 patients per 100,000 individuals per year. Supportive evidence 
for a particular strategy can be classified according to an ‘actionabil-
ity index’. The development of each therapeutic agent will progress 
within this framework or graduate to pivotal studies when there is 
sufficient evidence.

Accelerating stratified therapeutic development
The development of precision therapeutics focuses on leveraging the 
science, however, many important challenges pivot on operational 
components47. These components require the integration of multiple 
complex processes such as participant screening and recruitment 

A number of diagnostic, protocol and operational requirements 
must be considered when designing clinical trials that use multidrug 
portfolios.

 ● Participant screening and recruitment There should be a viable 
means by which to identify low-incidence patient subpopulations 
and to direct individuals to an appropriate clinical trial. Patient-
centric approaches give individuals access to many options through 
a single screening process. Such screening programmes are usually 
region-wide and collaborative. They can be linked to umbrella and 
basket studies and also to global studies that accept participants 
from diverse screening routes. Drug portfolios are made available to 
these trials through collaborations, and safeguards are implemented 
for proprietary information when multiple partners are involved. The 
multiplexed diagnostic platforms and systems should be harmonized 
or cross-validated to allow patients to be recruited irrespective of 
the technology used by partners. Regulators should be open to 
changes with respect to how these clinical trials are run. The screening 
programmes are underpinned by networks, collaborations and 
reliable partners.

 ● Molecular testing The testing platform and screening or selection 
algorithm should enable broad yet robust tumour and patient profiling. 

They should provide viable drug-development routes for larger or 
global studies, regulatory interactions and markets. Samples must 
be used efficiently and data generation should be robust. Overall, 
molecular tests should be cost-effective, transferable and widely 
deployable. Testing should be performed to agreed standards.

 ● Protocols Trials should start with a flexible protocol that can 
incorporate both emerging changes in the science and an 
understanding of patient and tumour biomarkers. Alternatively, they 
could use a confirmatory development protocol that permits regulatory 
interactions that accept different types of data. Such protocols can be 
deployed on their own or in alignment with other protocols. They can 
be modular, rolling or open ended, and must be reviewed efficiently 
according to a centralized regulatory and ethics process.

 ● Availability and delivery of therapies Operational machinery must 
be chosen that allows clinical studies to be conducted in diverse groups 
of patients and over a broad geographical area. Regulatory and ethics 
processes and patient screening and recruitment should be aligned 
and efficient. Therapies can be distributed using hub-and-spoke 
models and cost-effective and efficient delivery of multiple candidate 
drugs to multiple sites can be facilitated through a centralized 
pharmacy. The work should be highly collaborative, spread across 
many groups and involve reliable partners.

BOX 1

Delivering multidrug-portfolio studies

Figure 4 | Adaptive study designs. A within-study analysis or the continual 
assessment of data can be used to change the course of a clinical trial. First, 
the biomarker status for each tumour in the study is determined by tumour 
molecular analysis. After each tumour is allocated to a suitable sub-study, 
further analysis is conducted. Consequently, the sub-study 2 trial arm can 
be stopped owing to a lack of evidence to support the clinical benefit of drug 
2, and the sub-study 3 trial arm can be extended to include more patients. 
Meanwhile, the patient population of sub-study 4 can be redefined into two 
sub-studies, according to the results of responder/non-responder analysis.
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Biankin et al Nature 2015

• Add trial arms (agents) and 
biomarkers to an ongoing trial 

• Early stopping for futility and/or 
efficacy of treatments

• Gain efficiency trough screening of 
multiple biomarkers and interim 
analyses

• Reduce ”white space” between set-
up of small independent trials 



Umbrella trials
• Borrowing is possible

– But, <> basket trials, can be seen as unfavourable (different hypotheses in 
different subtrials, Lee Cancer J 2019)

– limited methodology around borrowing techniques tailored to the umbrella 
context (Ouma Front Med 2022)

– Borrowing across subgroups most straightforward

• Sharing a control arm would not require Type I error adjustement (Collignon C 
Clin Pharmacol Ther 2020)  
– But if by chance the control group underperforms, inflation of Type I error can occur
– Use of non-concurrent controls is debated à specific adjustment techniques (Marschner

Clin Trials 2022; Roig BMC Med Res Meth 2022; Saville Clin Trials 2022)



Relaxed signifance levels for randomized trials 
in rare cancers?

Long-term horizon (15y) 

Bayar A SMMR 2022; Bayar A Stat Med 2016 

26 Journal Title XX(X)

GuidanceComplianceRegulatoryInformation/Guidances/UCM458485.

pdf. (Accessed on 02/22/2018).

47. FDA. Us department of health and human services, food and drug administration. pediatric

rare diseases a collaborative approach for drug development using gaucher disease as a model

guidance for industry; draft guidance december, 2017, 12 2017. URL https://www.fda.

gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/

Guidances/UCM458485.pdf. (Accessed on 02/22/2018).
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A Appendix

A.1 Illustration of one repetition of a series of four consecutive

two-arm RCTs
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Long-term horizon (15y) 
• Historical distribution of treatment effects
• Performing a series of small randomized trials with

relaxed α-levels leads, on average, to larger survival
benefits over a long horizon compared with larger
trials with a 2.5% one-sided α-level for a moderate
increase in risk

• The recommendation is only valid when considering a 
series of trials run over a relatively long research horizon 
and when the supply of new treatments is large

• Performing multi-arm multi-stage trials with relaxed a-
level can further increase the expected survival benefit on 
the long run Bayar A SMMR 2022; Bayar A  Stat Med 2016 

Relaxed signifance levels for randomized trials 
in rare cancers?



Conclusion
• Trials with treatments and biomarkers: Type I and II errors for both

treatments and biomarkers

• Added value of randomization
• Use of external control is currently limited to ultrarare tumours, well known

natural disease, solid endpoint and a large expected treatment effect

• Learning trials vs confirmatory platform trials

• To adjust or not in confirmatory trials : for biomarker subgroups yes but 
for different treatments not (Stallard Ann Onc 2019)

• Umbrella-type multi-arm multi-treatment platform trials 



More on clinical
trials designs in 

oncology

https://www.crcpress.com/9781138083776

Thank you for your attention !

https://www.crcpress.com/9781138083776

