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Introduction

Liquid biopsies, a non-invasive approach that analyzes circulating tumor DNA
(ctDNA) and other biomarkers found in bodily fluids, are fundamentally transform-
ing the landscape of cancer clinical trials by offering real-time monitoring of tumor
evolution, facilitating the identification of resistance mechanisms, and enabling
the early detection of minimal residual disease (MRD) [1]. This paradigm shift al-
lows for more personalized treatment strategies, enhances patient stratification,
and accelerates drug development through adaptive trial designs and expedited
go/no-go decisions [1]. The integration of liquid biopsies into oncology trials is
paramount for accurately detecting actionable mutations and effectively tracking
treatment response, with analyses of circulating tumor cells (CTCs) and exosomes
providing complementary insights into tumor heterogeneity and metastatic poten-
tial, thus improving patient selection and outcome prediction [2]. This multi-analyte
approach holds the promise of optimizing clinical trial efficiency by offering a more
comprehensive view of the tumor [2]. A significant advancement in clinical trials,
particularly for early-stage cancers, is the detection of minimal residual disease
(MRD) using liquid biopsies; identifying MRD post-treatment enables risk stratifi-
cation and the potential tailoring of adjuvant therapies to improve cure rates while
reducing overtreatment [3]. This capability is profoundly altering how cure-based
trials are designed and interpreted [3]. Liquid biopsies are playing a critical role in
understanding treatment resistance mechanisms in real-time within clinical trials.
By closely monitoring changes in ctDNA profiles, researchers can swiftly identify
emergent mutations that confer resistance, thereby enabling timely interventions
and the adaptation of treatment strategies, a dynamic monitoring process that is
essential for developing more effective cancer therapies [4]. The implementation
of liquid biopsies is also facilitating more adaptive and efficient clinical trial de-
signs. Biomarker-guided stratification and dynamic treatment adjustments based
on liquid biopsy results can lead to trials that are smaller, faster, and possess a
higher probability of success, an approach that is particularly valuable in the realm
of precision oncology [5]. Incorporating liquid biopsies into early-phase clinical tri-
als permits a rapid assessment of drug activity and patient response. This crucial
information can swiftly inform decisions regarding dose escalation, patient selec-
tion, and the potential for further development, significantly streamlining the drug
discovery pipeline [6]. The proteomic analysis of circulating biomarkers within
liquid biopsies presents a complementary strategy to genomic profiling in cancer
clinical trials. The identification of specific protein signatures can elucidate tumor
biology, predict therapeutic response, and serve as early indicators of disease pro-
gression or recurrence [7]. While the utility of liquid biopsies is undeniable, chal-
lenges persist in their widespread adoption within clinical trials, including the need
for standardization of pre-analytical and analytical methods, the development of ro-
bust bioinformatic pipelines, and the establishment of clear regulatory pathways;

addressing these issues is critical to maximize their utility and ensure reliable data
interpretation [8]. The application of circulating tumor DNA (ctDNA) analysis within
cancer clinical trials is actively transforming patient stratification and treatment
monitoring, with its capacity to capture tumor heterogeneity and detect actionable
mutations in real-time supporting the development of targeted therapies and per-
sonalized treatment regimens [9]. The increasing prominence of liquid biopsies in
cancer clinical trials underscores their potential to enhance diagnostic accuracy,
guide therapeutic decisions, and non-invasively monitor treatment efficacy. Future
clinical trials are expected to witness further integration of multi-omic liquid biopsy
approaches to achieve amore comprehensive understanding of tumor biology [10].

Description

Liquid biopsies represent a non-invasive method for analyzing circulating tumor
DNA (ctDNA) and other biomarkers in bodily fluids, revolutionizing cancer clini-
cal trials by offering real-time monitoring of tumor evolution, identifying resistance
mechanisms, and enabling early detection of minimal residual disease (MRD) [1].
This approach facilitates more personalized treatment strategies, improves patient
stratification, and accelerates drug development through adaptive trial designs and
faster go/no-go decisions [1]. The integration of liquid biopsies into oncology tri-
als is crucial for detecting actionable mutations and tracking treatment response,
with analyses of circulating tumor cells (CTCs) and exosomes providing comple-
mentary insights into tumor heterogeneity and metastatic potential, thereby en-
hancing patient selection and outcome prediction [2]. This multi-analyte strategy
promises to optimize clinical trial efficiency [2]. Minimal residual disease (MRD)
detection using liquid biopsies is a significant advancement in clinical trials, partic-
ularly for early-stage cancers. The identification of MRD post-treatment allows for
risk stratification and the potential to tailor adjuvant therapies, aiming to improve
cure rates and reduce overtreatment, fundamentally changing how cure-based tri-
als are designed and interpreted [3]. Liquid biopsies play a key role in understand-
ing treatment resistance mechanisms in real time during clinical trials. By mon-
itoring changes in ctDNA profiles, researchers can identify emergent mutations
that confer resistance, allowing for timely intervention and adaptation of treatment
strategies, a dynamic monitoring process essential for developing more effective
cancer therapies [4]. The use of liquid biopsies enables more adaptive and effi-
cient clinical trial designs. Biomarker-guided stratification and dynamic treatment
adjustments based on liquid biopsy results can lead to smaller, faster trials with a
higher probability of success, an approach particularly valuable in precision oncol-
ogy [5]. Incorporating liquid biopsies into early-phase clinical trials allows for rapid
assessment of drug activity and patient response. This information can quickly
inform decisions about dose escalation, patient selection, and the potential for fur-

Page 1 of 2



Molina P. Andrés J Cancer Clin Trials, Volume 10:5, 2025

ther development, significantly streamlining the drug discovery pipeline [6]. The
proteomic analysis of circulating biomarkers in liquid biopsies offers a comple-
mentary approach to genomic profiling in cancer clinical trials. Identifying specific
protein signatures can reveal tumor biology, predict response to therapy, and serve
as early indicators of disease progression or recurrence [7]. Despite their growing
utility, challenges remain in the widespread adoption of liquid biopsies in clinical
trials, including the standardization of pre-analytical and analytical methods, the
development of robust bioinformatic pipelines, and the establishment of clear reg-
ulatory pathways; addressing these issues is critical for maximizing their utility and
ensuring reliable data interpretation [8]. The application of circulating tumor DNA
(ctDNA) analysis in cancer clinical trials is transforming patient stratification and
treatment monitoring, with its ability to capture tumor heterogeneity and detect ac-
tionable mutations in real-time supporting the development of targeted therapies
and personalized treatment regimens [9]. The increasing role of liquid biopsies in
cancer clinical trials reflects their potential to improve diagnostic accuracy, guide
therapeutic decisions, and monitor treatment efficacy non-invasively. Future trials
will likely see further integration of multi-omic liquid biopsy approaches to gain a
comprehensive understanding of tumor biology [10].

Conclusion

Liquid biopsies are revolutionizing cancer clinical trials through non-invasive anal-
ysis of biomarkers like ctDNA, CTCs, and exosomes. They enable real-time moni-
toring of tumor evolution, identification of resistance mechanisms, and early detec-
tion of minimal residual disease (MRD). This leads to personalized treatment, im-
proved patient stratification, and accelerated drug development with adaptive trial
designs. Liquid biopsies are crucial for detecting actionable mutations and track-
ing treatment response, enhancing patient selection and outcome prediction. MRD
detection post-treatment allows for risk stratification and tailored adjuvant thera-
pies, transforming cure-based trial designs. Dynamic monitoring of ctDNA profiles
helps identify resistance mechanisms, enabling timely interventions. Biomarker-
guided stratification and dynamic treatment adjustments facilitate smaller, faster,
and more successful trials, particularly in precision oncology. Early-phase trials
benefit from rapid assessment of drug activity, streamlining the drug discovery
pipeline. Proteomic analysis complements genomic profiling, revealing tumor bi-
ology and predicting therapeutic response. Challenges in standardization, bioin-
formatic pipelines, and regulatory pathways need addressing for wider adoption.
Overall, liquid biopsies are enhancing diagnostic accuracy, guiding therapeutic de-
cisions, and monitoring treatment efficacy, with future trials integrating multi-omic
approaches.
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