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Background and Objective: In recent years, the field of breast cancer diagnosis and therapy has 
witnessed rapid technological advances. Concurrently, the emergence of molecular biology and novel 
detection methodologies has facilitated the transition of breast cancer management into the precision 
medicine era. The primary objective of this review is to discuss the transformation in the research and 
development paradigm for breast cancer therapies and strategies.
Methods: We systematically searched PubMed, EMBASE and Cochrane databases for relevant studies 
published over the past 20 years using keywords including “breast cancer”, “clinical trial”, “seamless”, “master 
protocol”, “umbrella”, “basket”, “platform”, and “precision medicine”. Articles were screened for eligibility 
and key data extracted. The search was limited to English-language publications.
Key Content and Findings: The review identifies three core innovations in breast cancer trial 
methodology: (I) in terms of research speed, the traditional three-stage drug development models are being 
substituted by “seamless designs” as exemplified by the immunotherapy combination study NCT0328056. 
(II) Addressing research breadth, “master protocols” such as basket trials (IMMU-132-01), umbrella trials 
(FUTURE), and platform trials (I-SPY 2) have been introduced, allowing the simultaneous assessment of 
multiple treatments or disease subtypes within a singular framework. (III) Pertaining to research precision, 
newer designs utilize biomarkers such as “enrichment” (seen in EMBRACA and OlympiA trials) and “marker 
stratification” (as in the SOLAR-1 trial), enabling the identification of appropriate patient subgroups and the 
provision of tailored therapy strategies, a stark contrast to traditional histopathology-based evaluations.
Conclusions: Clinical trial design in breast cancer research has been revolutionized, moving towards 
more efficient and targeted strategies. Despite the presence of ethical, logistical, and data complexities, it is 
anticipated that ongoing technological and regulatory enhancements will pave the way for even more refined 
research approaches, subsequently influencing future research, clinical practices, and policymaking in breast 
cancer care.
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Introduction

Breast cancer, being one of the most common forms 
of cancer worldwide, poses a significant global health 
burden (1,2). As per the Global Cancer Observatory 2022 
estimates (3), breast cancer accounts for 11.7% of all new 
cancer cases, underscoring its widespread prevalence. It 
is a heterogeneous disease, with variations in molecular 
subtypes, stages at diagnosis, and responses to therapy, 
leading to diverse patient outcomes (4).

Clinical trials play a pivotal role in advancing breast 
cancer treatment (5). They serve as the backbone for the 
development and approval of new therapies, offering more 
options and hope for patients. These rigorously designed 
studies assess the safety, efficacy, and optimal use of new 
interventions, contributing significantly to improving 
survival rates and quality of life in breast cancer patients.

The progression of clinical trial design is continuously 
changing the way we evaluate new therapeutic methods. 
Traditional clinical trial designs, such as phase I–IV trials, 
have been in place for decades. However, with scientific and 
technological advancements, a surge of innovative clinical 
trial designs has emerged, including seamless trials, master 
protocols (encompassing basket trials, umbrella trials, and 
platform trials), enrichment designs, and marker stratified 
designs. Although numerous reviews exist regarding these 
innovative designs (5-9), many focus predominantly on 
the theoretical and statistical methods, with less emphasis 
on their specific applications and advancements within a 
particular disease area like breast cancer. Therefore, this 

review aims to summarize and review the application and 
progression of these innovative clinical trial designs in the 
field of breast cancer research, hoping to provide useful 
guidance for researchers engaged in breast cancer and 
related fields. We present this article in accordance with the 
Narrative Review reporting checklist (available at https://
tbcr.amegroups.com/article/view/10.21037/tbcr-23-22/rc).

Methods

In summary, we conducted a comprehensive search of 
major databases to identify relevant studies on innovations 
in breast cancer clinical trial design published over the past 
20 years. Rigorous criteria were applied to screen and select 
articles for inclusion. The search strategy is summarized 
in Table 1. Relevant guidelines were also reviewed to 
supplement the literature review. This thorough approach 
allowed us to compile a representative collection of studies 
to inform the discussion in this review.

The evolution of clinical trial design in breast 
cancer

Overview of traditional clinical trial design in breast 
cancer

Clinical trials involve systematic investigation using 
human subjects (patients or healthy volunteers) to discover 
or validate the clinical, pharmacological, and other 
pharmacodynamic effects of a particular drug for a specific 

Table 1 The search strategy summary

Items Specification

Date of search 1-May-2023

Databases and other sources searched PubMed, Embase, Cochrane Library

Search terms used “Breast cancer”, “clinical trial”, “seamless”, “master protocol”, “umbrella”, “basket”, 
“platform”, and “precision medicine”

Timeframe Last 20 years

Inclusion and exclusion criteria Inclusion criteria: (I) articles focused on breast cancer; (II) articles discussing innovative 
clinical trial designs; (III) English language; (IV) humans; (V) last 20 years. Exclusion criteria: 
(I) non-English articles; (II) reviews, editorials, letters, conference abstracts; (III) non-human 
studies; (IV) articles not focused on breast cancer or clinical trial design innovations

Selection process The screening and selection were conducted independently by two reviewers. Any 
disagreements were resolved by discussion and consensus

Any additional considerations, if applicable The search was supplemented by scanning reference lists of relevant articles and reviewing 
relevant guidelines

https://tbcr.amegroups.com/article/view/10.21037/tbcr-23-22/rc
https://tbcr.amegroups.com/article/view/10.21037/tbcr-23-22/rc
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disease. They aim to evaluate the drug’s efficacy and safety (9).  
Traditionally, clinical trials are divided into phases I–III 
before drug approval and phase IV after drug marketing.

The essence of phases I–III (10) is to explore the tolerance, 
pharmacokinetics, dosages, administration schedules, and 
therapeutic effectiveness of a drug. The specific challenges 
posed by breast cancer trials require particular attention. 
Notably, patient baseline characteristics, comorbidities, 
unique molecular tumor features, and significant variability 
in the microenvironment lead to imbalances that can impact 
the results, even with well-planned trials.

Phase IV trials (11), conducted post-marketing, aim 
to evaluate the benefit-risk relationship in general or 
specific breast cancer populations, with a focus on dosage 
optimization.

In general, these clinical studies had an overall success 
rate of about 38% (6,7), with blinded randomized studies 
being the gold standard as they minimize bias. However, 
given the complexities and inherent variability, it’s 
paramount to devise and implement cutting-edge clinical 
trial designs.

Innovations in clinical trial design

Both in China and overseas, great changes have recently 
been made to the research and development model for anti-
breast cancer medications and strategies. The first change 
reflects the speed of research progress. The “seamless 
design” approach has increasingly taken the place of the 
conventional three-stage drug research and development 
model. The phase gap among phase I, II and III trials 
was intended to be eliminated by the seamless phase I/II 
or phase II/III design. The second change is reflected in 
the breadth of research progress. The master plan study 
has been utilized more frequently, and the basket study 
and umbrella study are the more representative studies. 
The former aims to evaluate the therapeutic effects of 
a single drug in treating various disease types with the 
same biological characteristics and explores “treatment 
for different diseases”, the latter aims to evaluate the 
therapeutic effects of a number of therapies/regimens for 
patients with a single breast cancer molecular classification 
but various biomarker types and explore the “treatment 
for different diseases”. The last change is reflected in the 
precision of the research progress. The key goals of research 
are to identify the most suitable beneficiary population 
and to handle test medications in a tailored manner. This 
is because more and more clinical trial decisions are being 

influenced by biomarkers due to the current era of precision 
tumor. As a result, various clinical research designs for 
studying breast cancer, like enrichment designs and marker 
stratification designs, continually appear.

The acceleration in the speed of design: the emergence 
of seamless trials
Seamless trials design (12) is a revolutionary approach to 
clinical trials that enables the integration of different phases 
of trials into a continuous process, thus aiming to improve 
efficiency, reduce costs, and expedite drug development. 
This approach can be utilized across various stages, not 
only limited to phase II/III but also applicable to phase I/
II trials. By eliminating the downtime between phases, the 
design can hasten the assessment of therapies or treatments, 
particularly crucial when conventional confirmatory phase 
III trials may be time-consuming due to the requirement 
for survival benefit data.

For example, a seamless phase II/III design that attempts 
to eliminate the blank period between phase II and III 
trials may be either an operationally seamless design that 
excludes phase II subjects from the primary analysis or an 
extrapolated seamless design that includes phase II subjects 
in the primary analysis. The former does not require 
multiplicity adjustments to the control of class I errors, 
while the latter may require corresponding adjustments 
based on the adaptive nature and hypothesis testing strategy.
Key considerations for seamless trials design
While the seamless trials design holds potential for boosting 
research efficiency and reducing development time, it 
also presents unique challenges, particularly in terms of 
ethical risk control. The accelerated trial progression may 
expose more patients to therapies with unknown toxicity 
and limited potential benefit, necessitating rigorous safety 
measures. The Food and Drug Administration (FDA) 
guidelines recommend monitoring and reporting safety 
issues, establishing an Independent Science Advisory 
Committee (ISAC) or an Independent Data Monitoring 
Committee (IDMC), maintaining regular communication 
with the Institutional Review Board (IRB), and providing 
regular updates of informed consent forms (13). As the field 
of drug development continues to flourish, the strategic 
use of seamless trials design to develop effective, safe, and 
controllable therapies in a more efficient manner is a shared 
goal and challenge among regulators, pharmaceutical 
companies, and researchers.
(I) Seamless trials design for breast cancer
This study (NCT0328056) (14,15) utilizes a two-stage 
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design to evaluate the efficacy and safety of multiple 
immunotherapy combination regimens in patients with 
advanced HR-positive, HER2-negative breast cancer. 
In stage 1, patients are randomized to a control or an 
atezolizumab-containing doublet or triplet therapy. Based 
on efficacy and safety results, new combination treatments 
may be added in stage 2. The study emphasizes progression-
free survival assessment and represents the potential for 
immunotherapy combinations in this patient population.

The improvement in the breadth of design: the advent 
of master protocols
In our previous section, we addressed the innovative 
strategy of seamless trial design, an approach that, while 
powerful and increasingly popular, is not as novel or unique 
as master protocols. It’s important to note that the seamless 
design is not restricted to certain stages; it can be applied 
across the spectrum of clinical trial phases, including phase 
I/II and phase II/III. Nonetheless, any trial, including those 
with master protocols, could theoretically be run using a 
seamless design.

While seamless trials offer a strategic advantage in 
accelerating the clinical development process, we highlight 
in this review the transformative impact and unique benefits 
of master protocol designs. This design allows multiple 
potential therapies to be tested concurrently within the 
same overall trial structure, which significantly enhances 
the efficiency and potential reach of clinical research. In the 
following sections, we will elaborate more on this promising 
design and discuss how it is changing the landscape of 
clinical trial designs, particularly in the context of breast 
cancer research.

Master protocols constitute an overarching structure that 
incorporates several sub-studies, each investigating different 
therapies, populations, or both, based on certain eligibility 
criteria. Three main types of master protocols exist: basket, 
umbrella, and platform trials (8) (Table 2).
Master protocol
A master protocol (8,16,17) is a unifying study design that 

includes multiple subgroups and sub-studies, with patients 
having same or different diseases and that employ one or 
multiple therapies to treat it. Initially designed for oncology, 
master protocol trials are intended to simultaneously 
evaluate more than one investigational drug and/or more 
than one disease type within the same overall trial structure. 
The ability to use a single infrastructure, trial design, and 
protocol to simultaneously evaluate multiple therapies and/
or disease populations in multiple sub-studies speeds up 
drug development and makes it more efficient. 

The key advantage of the master protocol design is the 
concept of “sharing” (18). By “sharing”, we mean pooling 
resources, data, and infrastructure across different sub-
studies within the protocol. This approach can streamline 
processes, reduce duplication of effort, and improve the 
efficiency of trials. Furthermore, it allows for a consistent 
methodology to be applied across studies, improving 
comparability of results. Therefore, the concept of “sharing” 
in master protocols can lead to significant improvements in 
the speed and efficiency of drug development. 
Basket design
Basket design is to study one therapy across multiple 
diseases or disease subtypes possessing a common  
biomarker (8). The goal of a basket trial is to evaluate the 
clinical efficacy of a targeted therapy (the ‘basket’) across 
various types of diseases that share this biomarker. 

To illustrate, different cancers that carry the same target 
gene mutation would be ‘put into the same basket’ for 
investigation (Figure 1). For instance, in breast cancer trials, 
patients with HER2-positive cancer might be grouped into 
the same basket to examine the effectiveness of a specific 
targeted therapy, such as Herceptin (19). 
(I) Basket design for breast cancer
Basket design in clinical trials has shown considerable 
promise, particularly in the study of breast cancer. This 
innovative approach allows the investigation of the effects 
of novel treatments across multiple tumor types, including 
those harboring rare mutations. By focusing on genetic 
alterations rather than organ-based tumor classification, 

Table 2 Categorization of master protocol trial designs

Design type Objective

Basket trial To study one therapy across multiple diseases or disease subtypes possessing a common biomarker

Umbrella trial To study multiple therapies within one disease based on molecular profiling

Platform design To study multiple targeted therapies in the context of a single disease in a perpetual manner, with therapies 
allowed to enter or leave the platform on the basis of a decision algorithm 
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basket trials present an opportunity to accelerate the 
development of effective treatments, particularly in cases of 
breast cancer with specific genetic alterations.

The value of this approach has been illustrated by several 
studies. One such example is the IMMU-132-01 study 
(NCT01631552), an open-label basket trial that evaluated 
the safety and efficacy of Sacituzumab Govitecan-hziy 
across multiple solid tumors, including metastatic triple-
negative breast cancer (TNBC). The study demonstrated 
promising results in the treatment of previously treated 
metastatic TNBC (20), thereby demonstrating the potential 
of the basket trial design in extending our understanding of 
drug effects across various cancer types.

The B-AMAZE study (NCT03330405) (21), another 
example, applied a basket design for a phase I trial of 
larotrectinib in 10 advanced solid tumors with neurotrophic 
tyrosine receptor kinase (NTRK) fusions. This trial showed 

notable activity in advanced breast cancer, underscoring 
the potential of this design in guiding targeted therapy 
decisions based on the genomic profiles of tumors.

Finally, the TAPUR study (NCT02693535) (22) provides 
another example of a basket platform trial that assesses the 
efficacy of multiple targeted therapies across various cancer 
types, including breast cancer. This trial serves to illustrate 
how basket designs can be used to evaluate a variety of 
therapies in a single trial, thereby enhancing research 
efficiency and providing a feasible approach for studying 
new therapies across diverse cancer types that share a 
common biomarker.

In essence, these studies highlight the potential of basket 
designs in advancing our understanding of breast cancer 
treatment and, importantly, in potentially guiding the 
development of future targeted therapies.
Umbrella design
Umbrella design is to study multiple therapies within one 
disease based on molecular profiling (8). Another name for 
this design is the “Umbrella Trial”, which refers to holding 
up a large umbrella to group lung cancer patients who 
have different driving genes, such as KRAS, EGFR, and 
ALK, under one large umbrella. The purpose of this large 
umbrella is to simultaneously complete different target 
detections and distribute various precise target therapies in 
accordance with various target genes (Figure 2) (8).
(I) Umbrella design for breast cancer
Advancements in the design of clinical trials for breast 
cancer have made substantial contributions to our 
understanding and management of this complex disease. 
In particular, umbrella trials, which evaluate multiple 
treatment options within a single disease population based 
on molecular subtypes, have heralded a new era of precision 
medicine.

In March 2023, a milestone study called “FUTURE” 
was published in the journal Cell Research by the team led 
by Professor Zhi-Ming Shao (23). This is the first umbrella 
phase II clinical trial in China focusing on metastatic 
recurrent TNBC. This trial stratified patients into seven 
treatment groups based on molecular classification, with 
each group receiving a different personalized treatment 
scheme. This trial marks a significant milestone in precision 
medicine, providing a model for designing personalized 
treatment plans based on molecular subtypes.

Another promising trial, NeoTRIP (NCT02889874) (24),  
is a phase I/II umbrella clinical trial that studies the effects 
of combined use of leukemia inhibitory factor (LIF) 
inhibitor E6201, paclitaxel, and carboplatin in newly 

Disease BDisease A

Disease C Disease D

Therapy 1

Basket design

Figure 1 Basket trial.

Figure 2 Umbrella design.
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Therapy 2 Therapy 3

Therapy 4

Umbrella design

Disease A
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diagnosed stage I–III TNBC patients. By evaluating the 
efficacy and safety of E6201 in a highly heterogeneous 
TNBC population, this study underscores the importance 
of umbrella design in effectively assessing the treatment 
potential of new therapies across multiple subgroups.

In summary, umbrella trials like FUTURE, and 
NeoTRIP are at the forefront of precision medicine, 
allowing for more nuanced and effective approaches to 
breast cancer treatment. By evaluating multiple treatment 
options within specific molecular subtypes of a single 
disease, these trials not only accelerate the development of 
new therapies but also help to deliver the right treatment to 
the right patient at the right time.
Platform design
Platform design aims to study multiple targeted therapies in 
the context of a single disease in a perpetual manner, with 
therapies allowed to enter or leave the platform on the basis 
of a decision algorithm (Figure 3) (8).
(I) Platform design for breast cancer
When it comes to long-standing clinical trials in breast 
cancer, I-SPY 2 (NCT01042379) (25) holds an important 
place. This open-label, multi-center phase II platform 
trial has been ongoing for a decade, making it one of the 
longest-running trials designed with a platform concept. 
The use of a platform design in I-SPY 2 has provided a 
unique opportunity for studying various treatments within 
the same trial over an extended period, lending invaluable 
insights into breast cancer treatment.

The I-SPY 2 trial utilizes a Bayesian algorithm to enable 
dynamic randomization of treatment groups. This method 
allows for a continual learning process, wherein data from 

patients already enrolled in the trial contribute to decisions 
about the treatment assignment for future patients. With 
this innovative design, I-SPY 2 has heralded the successful 
application of platform design principles in the development 
of therapies for breast cancer.

The implementation of platform trials like I-SPY 
2 underlines the advancement in clinical trial design, 
highlighting its potential to expedite the evaluation of 
new treatments and combination regimens. With dynamic 
randomization and adaptive features, these trials are likely 
to be instrumental in driving progress in the field of breast 
cancer therapeutics. 

The accuracy in the precision of design: the shift 
towards more targeted approaches
Having discussed the broad advancements introduced 
by master protocols in the realm of clinical trial design, 
it is important to delve further into the precision these 
innovative methodologies can offer. In today’s era of 
precision tumor (10), it is feasible to determine the 
molecular phenotype of patients on an individual basis. 
More and more clinical trials are driven by biomarkers, 
and the fundamental objective of research is to identify the 
best recipients of experimental drugs and individualized 
therapy, Accurate screening of potential beneficiaries 
through effective biomarkers is helpful to improve the 
success rate of clinical trials, and at the same time, it can 
avoid exposing patients with little possibility of benefit to 
unnecessary safety risks. Under the premise of reasonable 
design and sufficient resources, clinical research driven by 
biomarkers can effectively and efficiently provide evidence 
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for individualized treatment of patients. Compared with 
the traditional study of curative effect evaluation based 
on specific histopathological classification, the design and 
analysis plan of clinical research driven by biomarkers need 
to consider the nature of markers, detection accuracy and 
clinical practicability.

Enrichment design and marker stratified design are 
two popular biomarker-driven clinical research methods 
that can be used to precisely identify the recipients 
of malignancy treatment (Figures 4,5). The former is 
randomized only for the population with positive markers, 
while the latter is randomized separately based on the 
stratification of markers, which is actually randomized for 
the whole population. When there are multiple biomarkers, 
an experiment can also combine different basic designs, 
such as enrichment for one marker and randomization 
and stratification for all people for another marker. For 
example, many studies related to programmed death protein 
1/programmed death-ligand 1 (PD-1/PD-L1) inhibitors. 

Enriched the EGFR-negative group first, then stratified and 
randomized the expression level of PD-L1.
Enrichment design
Enrichment design (26) in clinical trials is a potent strategy 
focusing on identifying and enrolling participants who are 
most likely to benefit from a certain experimental treatment 
based on specific characteristics such as genomics, 
pathophysiology, or histology. This design emphasizes on 
harnessing the power of biomarkers to predict and enhance 
the therapeutic effect of interventions in clinical trials, 
thereby potentially elevating the success rate.

Despite its clear advantages, enrichment design also 
presents challenges. Its effectiveness is largely reliant on 
the precision of biomarker detection-both in terms of 
sensitivity and specificity. Moreover, the translatability of 
the experimental results into clinical practice, as well as 
the applicability and extrapolation of findings, should be 
carefully considered.
(I) Enrichment design for breast cancer
Examining breast cancer trials such as the EMBRACA 
(27,28) and OlympiA (29) provides valuable insight into 
the implementation and impact of enrichment design. 
These trials, while demonstrating promising potential 
for improved patient outcomes, also highlight potential 
hurdles, including the lack of a significant improvement 
in overall survival and the impact on patient quality of life. 
Thus, while the enrichment design marks a significant 
stride in personalized medicine, it also calls for continuous 
improvement and refinement in its application.
Marker stratified designs
Marker-stratified design in clinical trials (30) is an effective 
approach that divides patients into different groups based 
on their biological markers. This includes diagnostic, 
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Figure 4 Diagram for enrichment design.

Figure 5 Diagram for marker stratification design.
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prognostic, predictive, pharmacodynamic, safety, and 
monitoring biomarkers. Prognostic biomarkers in particular 
are often employed as stratification factors in clinical trials 
to discern populations with the same diagnosis but diverse 
natural disease progressions without treatment intervention. 
The use of such biomarkers can minimize subject variability, 
reduce the effect of confounding variables on the results, 
and mitigate bias between groups.

There are inherent challenges in marker-stratified 
designs. The primary endpoint can either be a positive 
subgroup or the overall population, which can lead to 
complexities in study design. If a positive subgroup is set as 
one of the primary or key secondary study endpoints, it’s 
vital to ensure sufficient sample size, lending confidence 
that the marker-positive subgroup will significantly benefit 
from the new therapy. To safeguard against inflation of class 
I error when designing multiple primary study endpoints, 
parallel strategies that split and recycle class I error or a 
fixed-order sequential test strategy that keeps α constant can 
be employed.
(I) Marker stratified designs for breast cancer
An illustrative example of marker-stratified design is the 
SOLAR-1 (NCT02437318) (31) phase 3 trial. This trial 
compared the efficacy and safety of alpelisib plus fulvestrant 
against placebo plus fulvestrant in patients with HR-
positive, HER2-negative advanced breast cancer who had 
previously undergone endocrine therapy. Patients were 
stratified based on their tumor-tissue PIK3CA mutation 
status, with the primary endpoint being progression-free 
survival. Notably, in patients with PIK3CA-mutated cancer, 
the alpelisib-fulvestrant group demonstrated significantly 
longer progression-free survival.

However, while the treatment led to prolonged 
progression-free survival in patients with PIK3CA-mutated, 
HR-positive, HER2-negative advanced breast cancer, it was 
also accompanied by notable adverse events. Hyperglycemia 
and rash were the most common adverse events of grade 
3 or 4, leading to a significant percentage of patients 
discontinuing treatment. Therefore, while marker-stratified 
designs hold substantial promise in tailoring treatments, 
careful consideration of potential adverse effects is crucial in 
realizing their full potential.

Discussion

Recap of the progress in clinical trial design for breast cancer

The evolution of clinical trial design in breast cancer has 

been remarkable. From conventional phase-based trials to 
innovative seamless, master protocol, and precision designs, 
each approach aims to accelerate and optimize research. 

While traditional phase I–IV trials laid the groundwork, 
their limitations fuelled the emergence of more efficient 
designs (6). Seamless trials with their condensed phases 
address the time-lag in conventional models. However, 
they call for meticulous planning to ensure validity and 
safety (12). 

Master protocols unlock invaluable synergies through 
their “sharing” philosophy (18). Basket trials extend drug 
evaluation across cancer subtypes, umbrella trials assess 
therapies within a subtype, and platform trials enable 
perpetual learning. Yet complexity in implementation 
remains a hurdle (16,32). 

Precision designs leverage biomarkers to refine the 
trial strategy (33,34). Enrichment designs focus on likely 
responder subgroups, demanding robust assay sensitivity 
and specificity. Marker-stratified designs facilitate 
comparisons across biomarker-defined strata but require 
astute statistical considerations in trial design.

Each design confers unique strengths while confronting 
inherent challenges (32). A balanced appraisal shows 
traditional phase-based trials have merits in their structure 
and acceptance. Seamless and master protocols boost 
efficiency but require expertise in specialized statistical 
and bioinformatics approaches. Precision designs bring us 
closer to individualized treatment but hinge on biomarker 
validation (33). 

Ultimately, fidelity to sound science and ethics 
is imperative regardless of design choice. Ongoing 
refinements in statistical rigor, bioinformatics capabilities 
and ethical safeguards will shape further progress. An 
integrated approach combining complementary designs 
may offer the best solution. Through it all, patient benefit 
should remain the guiding compass.

Current challenges and future perspectives

The path to optimizing clinical trial design for breast cancer 
remains strewn with hurdles. Key challenges span ethical, 
logistical, statistical, and bioinformatics domains.

Ethical concerns around risk-benefit ratios and informed 
consent are magnified in seamless and master protocols. 
Guarding patient safety and autonomy will be vital as 
complex designs gain traction (35).

Logistical difficulties in coordinating intricate trial 
workflows and recruiting adequate patient populations, 
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especially for precision designs, need resolving. Platform 
designs call for long-term commitment (34).

Statistical complexities arise in data analysis and 
interpretation when dealing with vast heterogeneity, 
multiple arms and adaptive features. Close collaboration 
with biostatisticians is essential.

Robust bioinformatics infrastructure is indispensable, 
particularly with deep molecular profiling. Integrating and 
analyzing multilayered data meaningfully is the goal.

Future progress necessitates convergent efforts to 
tackle these challenges through guidelines, education, 
technological advances and global collaboration. Some 
promising directions include:

(I) Refining ethical frameworks attuned to innovative 
designs. 

(II) Investment in training in specialized competencies 
like biostatistics, bioinformatics and computational 
methodology.

(III) Leveraging artificial intelligence and machine 
learning to enable platform trials and dynamic arms.

(IV) Building centralized data sharing platforms to 
power basket, umbrella and platform designs.

(V) Exploring hybrid designs that optimize synergy.
While challenges remain, the outlook is bright. 

Continued cross-disciplinary collaboration, technological 
progress and evolving regulatory climate should usher 
in the next generation of clinical trials, taking us closer 
to precision oncology. With patient benefit the ultimate 
objective, resolute efforts to implement innovative designs 
will pave the way forward.

Conclusions

In conclusion, clinical trial design in breast cancer has 
undergone pivotal transformation, from conventional 
phase-based trials to innovative seamless, master protocol, 
and precision designs. This signifies a major shift towards 
more efficient and targeted research strategies. While 
challenges around ethics, logistics, and data complexity 
remain, these cutting-edge designs represent a tremendous 
leap towards personalized medicine. We look forward 
to witnessing their widespread implementation in breast 
cancer research through continual optimization, ultimately 
translating to patient benefit.
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