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ABSTRACT: the future of cancer care will be based on precision oncology, which uses individual tumor molecular profiles to provide
the correct drug to the appropriate patient at the appropriate time. This approach might deliver precise results with minimal side
effects and enhanced treatment success rates. However, the vision fails to materialize in reality because current tools remain
centralized and needs advanced infrastructure together with specialized/trained staff and prolonged procedural time. The lack
of laboratory capabilities in healthcare settings can be addressed through Point-of-Care (POC) testing which enables diagnostic
methods to be performed near or at the site of patient care thus linking laboratory capabilities to practical healthcare delivery. The
technology is capable of delivering specific diagnostic tests at bed-side, and in particular in remote areas. The implementation of POC
testing enables precision oncology to become practical allowing for prompt medical decisions. POC systems allow for continuous
tracking of relapse, resistance and response. POC testing serves as an essential component of precision oncology because it enables
personalized care more quickly and directly to patients. This review synthesizes current and emerging POC platforms for oncology,
evaluates their analytical performance, clinical readiness, and regulatory landscape, and identifies unmet needs that must be
addressed to enable routine adoption for diagnosis and monitoring.
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Impact statement: The possibility of reaching precision oncol-
ogy solutions cannot be considered apart from a quick monitor-
ing of therapeutic efficacy. In order to tailor therapies for can-
cer patients, the development of point-of-care devices would
open to easy and quick response by specialists and patients,
also strengthening the concept of telemedicine.
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tial-stage cancer, yet fails to handle molecular com-

INTRODUCTION

Cancer treatment followed under a “one-size-fits-
all"” model for many decades because it relied on
standardized protocols that used tumor histology,
anatomical site, and clinical staging as guidance (1).
These techniques show effectiveness for treating ini-

plexity, heterogeneous nature and its dynamic evo-
lutionary changes (2).

The field of tumour-genome profiling has expe-
rienced significant advancement during the last
twenty years. The first wave started with commer-
cial next-generation sequencing (NGS) in 2005 (3).
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The implementation of hybrid-capture panels in
2013 enabled clinical-grade whole-exome/large-tar-
get sequencing to become a standard practice in
oncology (4). Single-cell RNA/DNA sequencing fol-
lowed in 2015, revealing intratumoral heterogene-
ity at cellular resolution (5). The landscape evolved
further with the introduction of Long-read high-fi-
delity (HiFi) sequencing technology in 2019 that
enables the detection of intricate structural varia-
tions which short reads fail to identify. Ultra-deep
error-suppressed assays which started in 2021 pro-
vide part-per-million sensitivity for plasma-based
minimal residual disease monitoring (6, 7). The con-
ventional cancer classification system'’s limitations
led to a new approach of molecular profiling which
triggered successive genomic innovations that shifted
oncology from histology-based treatment to biolo-
gy-driven precision care.

Rapid advancements in genomic research have
accelerated the adoption of precision oncology as
a standard treatment approach for cancer patients.
Precision oncology uses multiple biomarkers to
determine the appropriate therapy intensity based
on tumor biology: (i) The use of genomic mark-
ers like activating Epidermal Growth Factor Recep-
tor (EGFR) mutations in non-small-cell lung cancer
(NSCLC) leads patients to receive tyrosine-kinase
inhibitors (TKI) instead of standard chemotherapy
treatment (8); (ii) the presence of Human Epidermal
Growth Factor Receptor 2 (HER2) overexpression
as a proteomic marker enables doctors to identify
breast cancer patients who need trastuzumab treat-
ment while preventing its use in patients without
HER2-positive tumors (9); (iii) the presence of MGMT
promoter methylation in glioblastoma serves as an
epigenetic marker to predict improved temozolo-
mide response thus requiring more intense treat-
ment (10) and (iv) multi-analyte expression panels
such as the 21-gene Oncotype DX test stratify ear-
ly-stage, hormone-receptor-positive breast cancer
so that low-risk patients safely omit adjuvant che-
motherapy, reducing overtreatment without com-
promising outcomes (11, 12). Such advancements
demonstrate how precision tools both direct treat-
ment escalation and provide safe de-escalation
treatment which establish a foundation for indi-
vidualized care.

Precision medicine has transformed oncology by
moving away from standard treatments to person-
alized care which has reshaped both the objectives
and organization of the field and improved treat-
ment effectiveness through better response rates,

reduced unnecessary treatment, and individualized
choices (13). Yet the real-world implementation of
precision oncology practices exists in a state of sig-
nificant inequality and operational inefficiency. Cen-
tralized diagnostic workflows that need advanced
laboratory infrastructure and expensive sequenc-
ing platforms and highly specialized personnel cre-
ate delays of up to three weeks between biopsy and
therapeutic decision-making (14-16). The time spent
waiting for test results is crucial for patients with
fast-moving cancers because tumor biology changes,
patient health worsens, and treatment opportuni-
ties decrease with each passing hour. Cancer diag-
nostic facilities exist mainly in urban high-income
countries which prevents their use by rural popula-
tions and low and middle-income countries where
cancer cases are increasing quickly (17, 18). Even in
well-resourced settings, the process of sample col-
lection, transport, sequencing and analysis creates
delays that result in therapeutic decision delays of
days to weeks especially for aggressive or late-stage
cancers (19).

Researchers have previously addressed the transla-
tional gap through laboratory-based molecular inno-
vations. Liquid biopsy stands out as a minimally inva-
sive and repeatable tissue biopsy alternative which
allows researchers to study circulating tumor DNA
(ctDNA), RNA, extracellular vesicles (EVs) and circu-
lating tumor cells (CTCs) from biofluids, including
blood, urine and (20-22). EVs are broadly classified
by size and origin into exosomes (30-150 nm, endo-
somal origin), microvesicles (100-1000 nm, plasma
membrane budding), and apoptotic vesicles (50-5000
nm, released during cell death) (23). However, lig-
uid biopsy offers real-time insights and operational
flexibility, the analytical accuracy depends on bio-
logical and pre-analytical variability which can hide
true tumor signals.

Recent evidence shows that the absolute amount
of circulating biomarkers can fluctuate substantially
within the same individual, even when tumour bur-
den is biologically constant, because of short-term
physiological factors. Acute shifts in plasma volume
caused by dehydration or strenuous exercise pro-
duce multi-fold transient rise in total cell-free DNA
(cfDNA) concentration that ctDNA assays report
(24). Independent time-series studies have also
revealed diurnal oscillations: CTC counts in mouse
and human models peak at the onset of the rest/
night phase, suggesting endocrine regulation of
tumour-cell egress (25). Finally, pre-analytical vari-
ables-plasma vs serum matrix, occult haemolysis,

117



Vol. 5(3), 116-129, 2025

and delays in tube processing - can shift total cfDNA
or EVs yield by an order of magnitude, with direct
consequences for mutation calling and quantitative
trending (24). Collectively, these hydration, circa-
dian and matrix-driven effects underscore the need
for active normalisation strategies whenever liquid
biopsy is decentralised to the point of care (POC).
The clinical adoption of liquid biopsy faces chal-
lenges because it depends on complex centralized
laboratory infrastructure and sophisticated assay
platforms (26). Liquid biopsy technologies need
adaptation to achieve their maximum potential for
POC implementation. The POC testing model trans-
forms healthcare by providing decentralized rapid
and clinically actionable diagnostics directly at or
near patient care locations (27, 28). The POC sys-
tems provide quick biomarker results which enable
fast diagnostic-treatment intervals and immediate
therapeutic alignment (29). The time advantage is
essential in oncology because urgent medical inter-
ventions have major effects on patient outcomes.
The promise of precision oncology requires tech-
nological innovation to develop compact diagnos-
tic tools that are both sensitive and clinically adapt-
able for POC settings.

Targeted care

¢ Replaces “one-size-fits-all” models

¢ Uses molecular profiling for
targeted therapies

¢ Improves outcomes and
reduces side effects

o
[M| Faster answers
A=

¢ Near-patient, rapid decisions
¢ Remote/outpatient/mobile o
ready (4
¢ Serial monitoring capable
o Compact, user-friendly design
¢ Decentralised, delay-free
diagnostics

The detection of cancer biomarkers has undergone
a transformation through new smart tools that
combine compact design with ultra-sensitivity and
decentralized adaptability. Electrochemical biosen-
sors now enable the real-time detection of ctDNA
at femtomolar concentrations using small sample
volumes (30). By integrating nanostructured elec-
trodes with surface-functionalized aptamers or DNA
probes, these platforms can achieve analytical per-
formance similar to that of centralized laboratories
through rapid POC testing (31, 32). The integration
of multiple functions, including isolation, enrich-
ment, and downstream biomarker analysis, onto
a single microfluidic platform enables microfluidic
lab-on-chip systems to perform multiplexed analy-
sis of liquid biopsy. The integrated design of these
systems decreases the complexity of sample han-
dling and reduces both bioanalyte loss and contam-
ination risks when compared to traditional bench-
top laboratory procedures (33). CRISPR-based diag-
nostics offer programmable nucleic acid detection
through user-friendly readouts, including colorimet-
ric, luminescent and lateral-flow assays for rapid
POC testing (34). The clinical adoption of nanopar-
ticle-enhanced sensors depends on solving manu-

Delay outcomes ﬁ

Centralized labs — slow results
Inaccessible in LMIC regions
Requires costly equipment and
skilled staff

Limited real-time monitoring

Smart tools (((.)))

i oc, e Electrochemical biosensors
O\ - liquid biopsy
\\(\  CRISPR-based assays -
TeC rapid gene mutation ID

¢ Microfluidic chips —»
miniaturized lab-on-chip

Figure 1. From bottlenecks to bedside, smart tools accelerate precision oncology.
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facturing scalability issues, cost reduction, regula-
tory approval, and workflow integration challenges
(35). These innovations create a vital pathway for
implementing precision oncology outside clinical
laboratory settings. The conceptual framework in
Figure 1 demonstrates how POC testing functions
as a vital component of real-time patient-centered
precision oncology.

The evidence from this review demonstrates that
POC technologies possess the technical ability to
detect molecular signatures for precision oncol-
ogy; however, their full potential requires coordi-
nated action. The combination of nanomaterial-en-
hanced electrochemical sensors, CRISPR diagnostics,
and fully integrated microfluidic “lab-on-a-chip” plat-
forms enables bedside assays to reduce the biop-
sy-to-decision window from weeks to minutes, thus
enabling therapeutic choices that match the speed
of tumor detection/management. The implemen-
tation of global POC precision oncology demands
essential steps, including the development of afford-
able devices that are validated in the field and the
establishment of adaptive regulations that match
innovative approaches with context-based valida-
tion. Further implementation of scalable training

Sample Transport:
Day 1-2

Sample Collection:
Day 0

Tumour biopsy Biopsy collection

Sample Collection:
Day 0

Finger-prick

Biofluid biomarkers

Sequencing:
Day 3-10

Centralized

On-site analysis

programs and ethical safeguards is required to pro-
tect privacy and ensure equitable access. Collectively,
these measures will establish bedside genomics as
a standard medical practice.

PRECISION ONCOLOGY AND THE
URGENCY OF DECENTRALISED
TESTING

Modern precision oncology depends on continuous
measurement of highly dynamic biomarkers like
single-nucleotide variants, gene fusions, circulat-
ing microRNAs, exosomes, oncoproteins, and even
intact circulating tumor cells (27, 33). The founda-
tional idea is that treatment is most effective when
tailored to the unique molecular profile of a patient’s
cancer (36). However, this vision is difficult to real-
ize due to several limitations of current centralized
diagnostic systems. These systems are labor-inten-
sive, slow, and often fail to capture the spatial and
temporal heterogeneity of malignancies (37). Tradi-
tional assays lack the sensitivity, speed, and multi-
plexing capabilities required for early detection, con-
tinuous monitoring, and precise treatment stratifi-

Interpretation:
Day 11-13

Clinical Decision:
Day 14

Turnaround: days
to weeks

Treatment plan decided
after report returns

Analysis :

Same Day Decision
0-2 hrs

1
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in < 7 hour

Immediate therapy
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Figure 2. Comparative timelines for centralized laboratory testing versus on-site diagnostics in precision oncology.



Vol. 5(3), 116-129, 2025

cation-critical needs, especially for fast-progressing
cancers. As a result, actionable biomarkers often
cannot be exploited effectively in clinical practice
due to logistical delays, infrastructure deficits, and
access inequities inherent in the central-lab (38, 39).
To overcome this translational gap, diagnostic plat-
forms must not only deliver high analytical precision
but also function with operational flexibility across
diverse healthcare settings. The transition from cen-
tralized laboratory workflows to rapid near-patient
testing is illustrated in Figure 2.

To this, POC diagnostics are designed to move molec-
ular testing from centralized laboratories to locations
where patients receive care i.e. infusion suites, oper-
ating rooms, outpatient clinics, or even the home. In
oncology this decentralization is uniquely valuable
because actionable biomarkers (mutations, miR-
NAs, proteins, circulating tumour cells/exosomes)
can evolve rapidly under therapeutic pressure; short
“sample-to-answer” times therefore translate directly
into faster treatment adjustments and, potentially,
improved outcomes (40).

POC liquid-biopsy technologies are beginning to
close the “temporal gap” between sample collection
and clinical decision-making by generating action-
able molecular read-outs fast enough to guide ther-
apy adjustments in real time. A good illustration is
the integrated exosome isolation and detection sys-
tem (EXID system) microfluidic cartridge that isolates
tumor-derived exosomes, labels the immune-check-
point protein PD-L10on-chip, and quantifies the signal
in <2 h.In a pilot cohort of 16 lung-cancer patients the
assay distinguished post-treatment from pre-treat-
ment samples and from healthy controls, with a
limit of detection of 10.76 exosomes pL-'-demon-
strating its utility for tracking emerging resistance
to anti-PD-1/PD-L1 therapy at the chair-side rather
thanin a distant reference laboratory (41). Research-
ers have used a herring-bone microfluidic chip to
monitor 24 patients with metastatic pancreatic duc-
tal adenocarcinoma over multiple chemotherapy
cycles. The device captured over 80% of samples
as CTC-positive and produced per-patient “CTC/CSC
trajectories” that mirrored radiological progression
or response, providing a quantitative relapse signal
weeks before routine imaging results were available
(42). A 2025 study in triple-negative breast cancer
introduced a disposable, pen-printed paper chip that
detects exosomal miRNA-21 directly in serum. The
self-contained strip, coupled with enzyme-free sig-
nal amplification, reaches a 1.2 nM limit of detection
and delivers results in 30 minutes using a handheld
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potentiostat. This low-cost, home-based monitoring
of treatment response and recurrence between clinic
visits is particularly useful in aggressive TNBC (43).
Taken together, these sensor shows how decen-
tralised testing can capture rapidly evolving onco-
logic biomarkers at the POC, enabling much earlier
detection of relapse than is possible with traditional,
centrally run assays.

SMART TOOLS: TECHNOLOGICAL
CONVERGENCE IN PRECISION
ONCOLOGY

A new generation of “smart” POC devices is emerg-
ing from the synergistic fusion of four previously
independent innovation streams: (i) microfluidic lab-
on-chip architectures that automate sample-to-an-
swer workflows on disposable cartridges (33); (ii) bio-
sensor transduction schemes-electrochemical that
now achieve femtomolar-attomolar limits of detec-
tion for circulating proteins, exosomes, and nucleic
acids (27). Further the integration of nanomateri-
al-enhanced signal amplification with CRISPR-based
molecular recognition, microfluidic automation and
miniaturized electronics to create deployable POC
systems (44-46).

Electrochemical biosensing has become a corner-
stone of molecular precision oncology due to its
high analytical sensitivity with low-power, chip-scale
instrumentation that can be mass-manufactured at
minimal cost. By transducing the binding or cleav-
age of tumor-derived analytes-circulating-tumor
DNA fragments, exosomal RNA cargoes, or oncop-
roteins-into voltammetric or impedimetric signa-
tures, these platforms provide linear quantitative
readouts across at least five orders of magnitude,
with limits of detection routinely (47-49).

Such modular devices are operable in outpatient infu-
sion suites, peri-operative theaters, or resource-con-
strained field clinics, thereby eliminating the geo-
graphic and temporal separation between speci-
men collection and molecular insight. The resultis a
compressed diagnostic-treatment loop that recasts
precision oncology as a real-time discipline rather
than a retrospective laboratory exercise, enabling
clinicians to adjust targeted therapies at the pace
of tumor evolution.

The integration of nanomaterials boosts sensor per-
formance through faster electron transfer rates,
increased biomarker capture surface area, and
enhanced signal-to-noise ratio. The development of
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highly sensitive electrochemical biosensors has been
made possible by recent advances in nanostructured
material fabrication techniques. The effective sur-
face area of the electrodes increases through the use
of gold nanoparticles (AuNPs), which also enhances
conductivity and provides a dense platform for sta-
ble biorecognition element immobilization (48, 50).
Research findings from recent studies confirm that
electrochemical biosensors show great potential for
POC oncology testing. Raucci et al. (2024) demon-
strated that acid treated commercial gold electrodes
and AuNPs modified paper-based screen-printed
electrodes can detect the lung-cancer biomarker
miR-2115-3p with a methylene blue based electro-
chemical biosensor. The commercial gold platform
achieved a slightly lower detection limit (=1 nM), but
the paper-based alternative offered comparable ana-
lytical performance at a much lower cost and with
a more sustainable material profile. Both configu-
rations maintained high selectivity against non-tar-
get miRNAs and functioned directly in human serum
(Figure 3A) (50).

Nagdeve et al. created a sensor that measures
microRNA-31which serves as a recognized oral-can-
cer biomarker, while achieving detection limits of
70 pg mL-" in buffer solutions and 700 pg mL-" in
diluted serum solutions, thus meeting the require-
ments for early cancer screening and diagnosis (53).
This study demonstrates how electrochemical bio-
sensors can transform precision oncology by detect-
ing clinically relevant biomarkers in small sample
volumes with high precision. These devices possess
compact dimensions, affordable prices, and smart-
phone-readable functionality, making them appro-
priate for decentralized healthcare operations in lim-
ited-resource environments. The successful clinical
implementation of these devices requires address-
ing three main challenges which include biofouling,
signal drift and calibration stability through sys-
tematic materials development and thorough vali-
dation procedures (54). The integration of electro-
chemical sensors into wearable devices would allow
for the continuous tracking of circulating tumour
DNA which could serve as an early warning system
for cancer relapse in colorectal and other cancer
types. The analyte detection range of electrochem-
ical devices is mainly limited to predefined targets,
although they show high sensitivity for detecting pro-
teins and small-molecule biomarkers. A complete
real-time molecular surveillance system for oncol-
ogy can be developed by combining CRISPR-based
assays with electrochemical devices because CRIS-

PR-based assays provide sequence-specific ampli-
fication-free nucleic acid detection.

CRISPR-based diagnostics, such as the SHERLOCK
platform, detect nucleic acid biomarkers through
Cas enzyme sequence-specific cleavage activity at
single-molecule resolution for point-of-care oncol-
ogy testing. Gootenberg et al. demonstrated in their
research that SHERLOCK detects KRAS oncogenic
mutations at attomolar concentrations through
Cas13arecognition, which leads to collateral reporter
cleavage, thus enabling non-invasive mutation detec-
tion in bodily fluids (55). SHERLOCK demonstrated
88.1% sensitivity and 100% specificity in detecting
EGFR T790M mutations from NSCLC liquid biopsies,
which led to osimertinib therapy decisions in clini-
cal practice (Figure 3B) (51). This technology allows
for the rapid detection of BRAF V600E mutations in
melanoma plasma samples in a short time, support-
ing the timely selection of targeted treatments (56).
CRISPR tools serve dual purposes beyond diagnostic
applications, as they help track drug responses and
monitor drug resistance. A research study showed
that CRISPR/Cas13 technology enables the evaluation
of the biological role of vlincRNAs in drug response,
thus demonstrating CRISPR's capability for moni-
toring treatment effectiveness (57). CRISPR-based
screening platforms identify essential protein-drug
interactions, leading to the discovery of novel ther-
apeutic targets. CRISPR-based systems work along-
side traditional biosensors to detect ctDNA and RNA
sequences with high sensitivity, which expands the
capabilities of POC testing in oncology. The proposed
cloud-based CRISPR analytics system would simplify
the process of mutation profiling for tracking treat-
ment resistance. The advanced detection capabili-
ties of CRISPR diagnostics require microfluidic plat-
forms to integrate multiple detection methods for
complete POC testing applications.

Microfluidic devices or lab-on-a-chip platforms oper-
ate with nanoliter fluid volumes to perform sample
preparation, amplification, and detection functions,
making them suitable for low-sample-volume appli-
cations, such as blood or saliva analysis. Microflu-
idic systems have been used in cancer diagnostics
to detect various cancer-diagnostic factors while
creating suitable nanoparticles for drug delivery,
demonstrating their dual role in cancer diagnosis
and treatment (58). The detection and characteri-
zation of CTCs represent a fundamental application
of microfluidics technology because it helps mon-
itor metastasis and treatment response. Fachin et
al. developed a microfluidic chip to detect and ana-
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Table 1. A comparative analysis of essential biomarkers together with detection principles, validated specimen, cancer applications, analytical

sensitivity, specificity and LOD to demonstrate each platform’s translational status and diagnostic potential.
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readout

CLINICAL / TYPE OF

lyze CTCs in the blood of cancer patients. The chip
successfully captured 95% of EpCAM-positive cells,
allowing genomic analysis for direct trastuzumab
therapy. The microfluidic system proved supe-
rior to CellSearch systems through its enhanced
sensitivity and faster operation, which shows its
capability for real-time metastasis tracking (59).
Zhai et al. developed a portable digital microflu-
idic platform (23 x 16 x 3.5 cm3) that performs par-

allel screening of three anticancer drugs on a 4 x
4 cm2 chip using primary tumour cells. The drugs
that showed effectiveness on the chip device suc-
cessfully reduced tumour growth in animal mod-
els during MDA-MB 231 breast cancer xenograft
and patient-derived liver cancer specimen tests.
The device demonstrated potential for precision
medicine guidance through whole exome sequenc-
ing which confirmed that effective agents main-
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tained their target genes (Figure 3C) (52). Multi-
plex microfluidic platforms enable the simultane-
ous measurement of multiple cancer biomarkers
from microliter-scale samples, thereby supporting
comprehensive diagnosis, early detection, and evi-
dence-based therapy selection in precision oncol-
ogy. Chen et al. used magnetic-bead capture with
acoustic micromixing to measure prostate-specific
antigen and carcinoembryonic antigen in under 20
minutes with detection limits of 0.028 ng mL-' and
3.1ng mL", respectively. These results illustrate the
feasibility of rapid, POC cancer diagnostics based
on multi-analyte profiling (60). The integration of
advanced diagnostic applications through micro-
fluidics can transform precision oncology by clos-
ing therapeutic gaps. Research has demonstrated
its effects on different cancer types, leading to bet-
ter personalized treatments. This technology opti-
mizes clinical operations to deliver enhanced can-
cer care worldwide.

To help synthesize the diverse technologies dis-
cussed, Table 1 provides a summary of the major
POC platforms mentioned, highlighting their clini-
cal application potential. This comparative overview
supports the preceding discussion by visually orga-
nizing the diagnostic scope, sensitivity, and imple-
mentation status of each tool.

REGULATORY AND OPERATIONAL
CHALLENGES

Despite the spectacular analytical sensitivity now
achievable in precision oncology, very few tests have
been validated in prospective (e.g. Guardant360 CDx
for EGFR mutations in NSCLC), and global regulatory
harmonization is lacking. Different regions (EU IVDR,
US CLIA/FDA, 1SO standards) apply varied thresh-
olds for evidence and performance, slowing global
deployment. All of which inflate cost and lengthen
timelines for regulatory submission.

Rigid in-vitro-diagnostic (IVD) frameworks that
were originally drafted around single-analyte infec-
tious-disease strips do not map neatly onto multi-
marker oncology cartridges. The next-generation
POC liquid-biopsy devices must still satisfy U.S.
CLIA-waiver “simple test” criteria while simultane-
ously proving multiplex variant accuracy that nor-
mally requires high-complexity molecular laborato-
ries, a mismatch that slows 510(k)/De Novo submis-
sions and has left only a handful of cancer assays
cleared to date (69).
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Progress is further hampered by the absence of uni-
versally commutable reference materials for ctDNA,
microRNA, and extracellular-vesicle targets. The
integrated lab-on-a-chip review by Surappa et al.
notes that most groups calibrate limits-of-detection
with contrived spike-ins prepared in-house, making
cross-platform performance claims difficult to har-
monize and complicating multi-site reproducibility
studies demanded by regulators (33).
Operationally, the most consistent pain points
involve pre-analytical variability and supply-chain
resilience. Paper-based liquid-biopsy platforms
demonstrate how hemolysis, diurnal swings in EV
release, and freeze-thaw cycles can each shift elec-
trochemical readouts by more than one standard
deviation, forcing manufacturers to integrate on-car-
tridge normalization controls and environmen-
tal sensors, which in turn raise cost and assembly
complexity.

The implementation of POC testing has the poten-
tial to transform precision oncology through bedside
biomarker analysis; however, its adoption remains
limited by major technical challenges. POC devices
must precisely measure trace tumor-derived ana-
lytes, including circulating nucleic acids, in complex
biofluids while functioning in different environmental
settings. The combination of temperature changes
and sample contamination along with environmen-
tal disturbances leads to assay accuracy degrada-
tion which results in unreliable results when tests
are performed outside laboratory control (70).
Finally, real-world deployment in low- and middle-in-
come countries (LMICs) encounters infrastructure
limitations-intermittent power, limited cold-chain
capacity, and scarce biomedical-engineering sup-
port-that can erode field accuracy by up to 20 % rel-
ative to controlled settings. A 2025 review of oncol-
ogy POC implementation in LMICs calls for locally
manufactured consumables, solar-powered readers,
and streamlined post-market surveillance to sustain
diagnostic precision outside tertiary centers (71).
The solution to these barriers requires coordinated
innovation efforts. The adoption process will speed
up through platforms that are accessible to all and
resilient and use unified data standards and adap-
tive risk-based regulatory pathways. The implemen-
tation of scalable workforce training and robust ethi-
cal frameworks will protect data security and ensure
equitable access. The implementation of these pil-
lars will enable POC diagnostics to redefine preci-
sion oncology by providing fast individualized care
across the world.



Vol. 5(3), 116-129, 2025

Finally, the ecosystem necessary for the success-
ful implementation of POC oncology diagnostics is
inherently complex. It requires coordinated efforts
among diagnostic developers, clinicians, regulatory
authorities, payers, and standards organizations.

FUTURE DIRECTIONS AND
CONCLUSIONS

The next wave of POC precision-oncology devices is
moving toward single-cartridge, ultra-sensitive and
highly multiplexed platforms that couple CRISPR/
Cas recognition, nanomaterial signal amplification,
and fully integrated microfluidics. In the coming 3-5
years, these lab-on-chip architectures are expected
to converge with wearable biosensors-flexible elec-
trochemical patches, microneedle fluidics, or smart-
phone-coupled optical readers, supporting contin-
uous or immediate, on-demand cancer-biomarker
surveillance outside formal clinic walls.

For clinical integration, engineering priorities are
shifting toward closed, sample-to-answer system that
run on finger-stick blood, urine, or saliva and can be
operated by self, nurses or community health work-
ers after minimal training. Bluetooth/FHIR-compli-
ant connectivity will push results straight into elec-
tronic health records and multidisciplinary tumor-
board dashboards, facilitating rapid therapeutic
alignment and longitudinal monitoring without cen-
tralized laboratory dependencies.

Translational success, however, hinges on standard-
ization and regulation. Achieving global health equity
remains a pressing mandate. Although most com-
mercial POC cancer tests are currently configured
for high-resource markets, the greatest diagnostic
gaps existin LMICs. Future development must there-
fore emphasize low-cost readers with battery or solar
power, lyophilized reagents stable at tropical tempera-
tures, and open-source firmware that can be local-
ized for language and connectivity constraints (71).
Collectively, the literature paints a clear trajectory: POC
diagnostics are poised to transform precision oncol-
ogy by collapsing the temporal and geographic gap
between biomarker measurement and clinical action.
The technological capability to match centralized
laboratories in sensitivity is emerging; the challenge
now is to embed these advances into rigorous yet
agile regulatory frameworks, pragmatic clinical work-
flows, and equity-focused distribution models. With
sustained interdisciplinary collaboration and delib-
erate attention to global implementation, POC pre-

cision-oncology testing can redefine cancer care as
a rapid, individualized, and universally accessible
enterprise.
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