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The greatest opportunity in oncology may not liec in
discovering another drug, but in diagnosing cancer before
treatment becomes difficult [1]. While there have been
significant advances in imaging, molecular pathology, and
targeted therapies, many malignancies are still identified
when symptoms have developed or when metastasis has
occurred. Liquid biopsy has thus raised tremendous interest
as a possible way to change the paradigm of cancer
diagnosis from anatomical identification of established
disease to molecular detection of cancer at the earliest stages
[2].

It's an intriguing idea. Tumours constantly shed
biological material into the bloodstream such as circulating
tumour DNA (ctDNA), circulating tumour cells,
extracellular vesicles, microRNAs, proteins, metabolites
and other molecular signals. Increasingly, these signals can
be detected and interpreted from a routine blood sample:
modern sequencing and computational technologies.
Cancer might be detected before it is visible
radiographically in theory, which may allow for a window
of opportunity for potentially curative intervention missed
on traditional pathways of diagnosis.

Of the circulating biomarkers, ctDNA has proven to be
the most intensively studied. The DNA fragments derived
from a tumour may carry abnormalities such as mutations,
methylation, copy number changes and specific patterns of
DNA fragmentation. However, no one molecular signal is
likely to suffice for universal cancer screening. The field is
now multi-modal; genomic, epigenomic, proteomic and

unless otherwise stated in a credit line to the data.

fragmentomic data are now combined with other clinical
factors and machine-learning algorithms. The most
ambitious example of this approach is multi-cancer early
detection platforms, which seek to not just detect cancer, but
to guess what tissue the cancer is arising from [4,5].

This technological advancement is impressive;
however, analytical sophistication does not equal clinical
utility. In the early stages of the disease, tumours may
release very small amounts of DNA into the bloodstream,
and sensitivity can vary widely depending on the biology of
the tumour, its vascularity, anatomic site, and disease burden
[6]. The signals given off by some aggressive cancers may
be detectable early, while others may not give off molecular
signals until relatively advanced stages. In contrast,
genomic changes that are similar to those found in tumours
may be the result of non-cancerous biological events such
as clonal haematopoiesis. The impact of false-positive
results in asymptomatic populations may be significant,
with repeated imaging, invasive procedures, anxiety and
unnecessary health care costs [7].

The main question is not, then, whether the liquid
biopsy can detect cancer, but whether meaningful patient
outcomes are improved [8]. Reduction in the number of
molecular abnormalities should not be the endpoint of
screening programmes reduction in the number of cases of
advanced stage disease or cancer-specific mortality should
be. Stage shifting is a biologically desirable phenomenon,
but does not necessarily translate to lives saved.
Uncontrolled  lead-time  bias, overdiagnosis and

Dev. Med. Life Sci., Vol. No. 3, August, 2026


https://dmlsjournal.com/
https://doi.org/10.69750/dmls.03.08.0225
mailto:rananaveedshuja@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
https://dmlsjournal.com/index.php/January2024/index
https://creativecommons.org/licenses/by/4.0/deed.en
https://crossmark.crossref.org/dialog/?doi=10.69750/dmls.03.08.0225

Circulating Biomarkers for Early Cancer Detection

identification of indolent tumors are still potential concerns
and need to be addressed in prospective, sufficiently
powered trials [9].

One additional problem is what occurs after a positive
test. The discovery of a cancer-associated signal in the
circulation and failure to obtain a reliable identification of
tissue of origin might trigger a lengthy and costly diagnostic
process [10]. Clinical pathways thus need to change as the
assays change. In isolation, blood-based screening cannot
achieve its purpose, but must be backed by a clear
confirmatory pathway that includes specific imaging,
endoscopy, sampling, molecular pathology, and
multidisciplinary decision-making. Much like the test,
architecture around the test will also play a key role in the
success of liquid biopsy [11].

Al will probably play a key role in this architecture.
The information about cancer in circulation is multi-
dimensional and often subtle. Thousands of genomic,
epigenetic, proteomic and fragmentomic features can be
incorporated into machine-learning models that would be
too many to manually interpret [12]. These techniques
might be used to better distinguish between malignant and
non-malignant signals and to better determine where a
tumour originated. But algorithmic complexity brings with
it extra responsibilities, which are external validation,
calibration between populations, transparency,
reproducibility and ongoing evaluation for demographic or
biological bias [13].

These implications go beyond screening. The idea of
monitoring disease is already changing with the use of
circulating biomarkers. If treatment is apparently curative,
identification of molecular residual disease might be a way
to identify patients at risk of recurrence months before
conventional imaging. Repeat ctDNA measurements can
also be used to give an early indication of response,
resistance or relapse. This capability of repeatedly
questioning the tumour biology without the need for
invasive tissue sampling could revolutionize cancer
management from a series of static diagnostic snapshots
into continuous molecular surveillance [14,15].

However, the future of liquid biopsy shouldn't be
reserved for a few technologically advanced health systems.
The death toll from cancer is also rapidly shifting to low and
middle-income countries where access to pathology,
imaging and specialist oncology services is already poor
[16]. Cancer inequalities could be exacerbated by a
diagnostic revolution that demands expensive sequencing
machines, sophisticated computing systems and the need to
repeatedly validate initial investigations. Scalable assays,
pre-analytical standards and cost-effective laboratory
procedures, and validation in diverse ethnological and
geographical populations must therefore become the focus
of the field [17].

More maturity will be needed in regulation too.
Commercial enthusiasm is outpacing the level of evidence
for population-level screening. Biomarker sensitivity and

specificity determined in a case-control or high-risk study
setting do not necessarily extrapolate to a low prevalence
population of asymptomatic individuals in which PPV may
be significantly reduced. Independent prospective
validation should precede widespread implementation, and
claims of clinical benefit should be separated clearly from
evidence of analytical performance [18,19].

Liquid biopsy cannot and should not be presented as
an alternative to imaging, pathobiology or tissue biopsy. Its
future is most likely an integrated one. Molecular signals in
the blood could help identify who needs imaging; imaging
could be used to localise any suspicious disease; tissue
could be used to make a definitive diagnosis; and serial
circulating biomarkers could then be used to monitor
remaining disease and response to therapy. Such an
integrated diagnostic ecosystem could make cancer
detection earlier, more precise, and less invasive [20].

The responsibility, as well as the promise, is therefore
great. Liquid biopsy could be one of the hallmark
technologies of modern oncology, but it may be so if
oncologists do not fall into the trap of celebrating the
achievements of molecular detection for clinical benefit in
the past. The next step should go beyond ever more
sophisticated assays, and to proof that these technologies
lead to changes in outcomes relevant to the patient [15,16].

When cancer is diagnosed, the most important change
may not only be the manner in which, but beyond that.
Oncology might shift from the point of tumour detection,
which is generally after it becomes anatomically apparent,
to the point of malignancy recognition, which could be
during its very first molecular evolution. The potential
future for cancer detection could thus start not in the scan
room, or with a biopsy needle, but with a signal that travels
quietly in the blood [17-20].
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