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Abstract. This commentary provides an in-depth analysis of a recently published systematic review on ‘Biomarkers of
Tau Pathology in Alzheimer’s Disease’, elucidating insights into its implications for the field. This meta-analysis highlights
the potential of plasma and CSF p-tau 181/231 as promising, non-invasive, and cost-effective diagnostic tools for patients
suffering from AD continuum. The study comprehensively reviews the diagnostic potential of these p-tau isoforms, shedding
light on their role in the precision diagnosis of Alzheimer’s disease. Here we discuss the significance of these findings and
the methodological nuances, emphasizing broader implications for advancing personalized medicine in neurodegenerative
disorders.
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A recently published systematic review developed
by Li et al. [1] presents a timely and comprehensive
exploration of the diagnostic potential of phospho-
rylated tau (p-tau) in Alzheimer’s disease (AD). The
exploration of biomarkers, particularly p-tau offers
promising diagnostic potential and insights into the
intricate relationship between tau pathology and cog-
nitive decline. However, it is crucial to emphasize the
broader implications on personalized medicine in the
real-world context of neurodegenerative disorders.
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Furthermore, as the pursuit of reliable biomarkers
gains momentum, this commentary seeks to explore
and discuss the nuanced aspects of the study and
underscore its implications for the broader field [1].

The meta-analysis adeptly synthesizes a multi-
tude of studies, encompassing diverse populations
and methodologies. By focusing on p-tau in both
plasma and cerebrospinal fluid (CSF), the authors
contribute valuable insights into the intricate relation-
ship between tau pathology and cognitive decline.
Notably, the inclusion of studies utilizing var-
ious analytical methods, such as enzyme-linked
immunosorbent assay, single-molecule array technol-
ogy, and immunomagnetic reduction, adds a layer
of complexity to the discussion, prompting further
exploration of standardization in methodologies. In
consideration of the growing importance of imag-
ing biomarkers in this scientific field, their integrated
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implementation with other biomarkers like fluid p-
tau, along with those currently under study, demands
rigorous regulation and standardization to guarantee
harmonized and efficient utilization [2, 3].

The study’s findings regarding differential levels of
both plasma and CSF p-tau181 and p-tau231 across
AD, mild cognitive impairment, and healthy controls
underscore the potential of these biomarkers in aid-
ing early diagnosis and prognosis. Such insights are
particularly crucial in the evolving landscape of AD
research and personalized medicine, where timely
intervention holds the key to effective management.
This is especially relevant in the context of emergent
therapies, such as monoclonal antibodies.

About selected biofluids and techniques, current
gold standard diagnostic biomarkers mainly involve
positron emission tomography (PET) radiotracers
and CSF biomarkers [4]. These biomarkers, while
demonstrating a high accuracy in determining disease
status, possess an invasive nature and are associated
with high costs. In this context, there has been a
growing scientific interest in plasma biomarkers as
reflected in this manuscript, which highlights their
potential as non-invasive alternatives in diagnosis,
follow up, monitoring and to assess the possible treat-
ment benefit [5].

In consequence, the knowledge of blood biomark-
ers for AD has exponentially increased in recent
years. But also, biases in the clinical evaluation of
blood biomarkers have been identified [6], including:
(i) limited studies with appropriate biomarker vali-
dation methods; (ii) few studies designed to address
specific use contexts from the start; (iii) inappropri-
ate study designs (incorrect outcome measures and
prospective studies with unsuitable intervals); (iv)
many assays conducted without validation cohorts;
(v) unpublished failures in cross-validation (publi-
cation bias); and (vi) insufficient studies providing
relevant statistics to assess the biomarker effective-
ness as a clinical screening or diagnostic tool (e.g.,
AUC, correlations with reference biomarker, sensitiv-
ity and specificity, PPV and PNV figures, and related
statistics).

To avoid these issues, the Alzheimer’s Associa-
tion has recently reported several recommendations
to carry out the necessary studies [7]. Evaluating the
blood biomarkers in real-world cohorts; conducting
large-scale observational trials; pre-defining cut-off
values; analyzing follow-up samples; having avail-
able reference standards (e.g., CSF biomarkers); and
performing the development, validation, and patient
management in specialized memory clinics are some

of the endpoints that would allow for the future accep-
tance of blood biomarkers as a clinical diagnostic
tool.

Furthermore, the Alzheimer’s Association has
recently underscored the importance of the diagnos-
tic and prognostic revolution facilitated by plasma
biomarkers, both for AD diagnosis and for enhanc-
ing the design of interventional trials [7]. However,
also stresses the necessity for further research before
the widespread adoption of plasma biomarkers and
already advocates for the use of plasma biomarkers as
screening tools to identify individuals likely to exhibit
AD pathological changes for inclusion in trials evalu-
ating disease-modifying therapies, provided that the
AD status is subsequently confirmed using PET or
CSF gold-standard techniques [8].

Related to that, it is imperative to acknowledge the
inherent limitations discussed by the authors, includ-
ing the evolving diagnostic criteria and potential
publication bias underscoring the need for cautious
interpretation and further investigation. Although
biomarkers offer substantial promise for advancing
early diagnosis and treatment, none of them has
shown results robust enough to be translated into
routine clinical practice for which requires careful
scrutiny, adherence to scientific rigor, and validation
of global accessibility [9].

These scientific advancements in AD and mild cog-
nitive impairment research may foresee a continuous
reconceptualization of the disease, introducing a myr-
iad of bioethical and legal considerations directly
influencing in the real-world personalized medicine
[10]. This is primarily rooted in the potential adverse
consequences associated with early diagnosis and
the lack of effective treatments in persons labeled as
‘affected patients’. Such circumstances may increase
uncertainty, anxiety, and stigmatization in those who
may never develop dementia [11].

Conversely, leveraging biomarkers in a clinical
research setting has the potential to enhance research
endeavors aimed at developing and monitoring new
treatments, refining patient selection processes, refin-
ing outcome measurements and drug approvals.
Nevertheless, it may stand as a potent tool for
obtaining a precise diagnosis in individuals already
experiencing established dementia [12]. However, it
should never be used as the sole diagnostic tool;
rather, it should be considered as a complement in
the diagnosis process and regarded as a mandatory
tool to initiate treatment.

It is crucial to understand the role of the physician
within the clinical process (diagnosis, follow-up, and
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accompaniment); a role that will never be replaced
by a biomarker or laboratory test.

In conclusion, the review by Li et al. [1] illu-
minates the promising potential of novel isoforms
and sources of p-tau as a diagnostic marker for AD.
While recognizing its benefits, it is imperative to
approach these findings with a discerning eye striking
a nuanced balance between optimism and realism,
considering study limitations and ethical consider-
ations as biomarkers progress in AD research and
personalized medicine. Further research is required
to investigate clinical, legal, and bioethical aspects
to elucidate strategies for mitigating potential abuses
and misinterpretations of biomarker results.

AUTHOR CONTRIBUTIONS

Yahveth Cantero-Fortiz (Conceptualization; Writ-
ing - original draft; Writing - review & edit-
ing); Amanda Cano (Writing -review & editing);
Merce’ Boada (Conceptualization; Writing - original
draft;Writing - review & editing).

ACKNOWLEDGMENTS

The authors have no acknowledgments to report.

FUNDING

The authors have no funding to report.

CONFLICT OF INTEREST

Yahveth Cantero-Fortiz and Amanda Cano declare
no conflicts of interest. MB reports receiving con-
sulting fees from Grifols, Araclon Biotech, Roche,
Biogen, Lilly, Merck, Zambon, and Novo-Nordisk;
holding advisory board memberships with Grifols,
Roche, Lilly, Araclon Biotech, Merck, Zambon, Bio-
gen, Novo-Nordisk, Bioiberica, Eisai, Servier, and
Schwabe Pharma; and receiving lecture fees from
Roche, Biogen, Grifols, Nutricia, Araclon Biotech,
Servier, and Novo-Nordisk.

REFERENCES

[1] Li Z, Fan Z, Zhang Q (2024) The associations of phosphory-
lated tau 181 and tau 231 levels in plasma and cerebrospinal
fluid with cognitive function in Alzheimer’s disease: A sys-
tematic review and meta-analysis. J Alzheimers Dis 98,
13-32.

[2] Izmailova ES, Maguire RP, McCarthy TJ, Müller MLTM,
Murphy P, Stephenson D (2023) Empowering drug devel-
opment: Leveraging insights from imaging technologies to
enable the advancement of digital health technologies. Clin
Transl Sci 16, 383-397.

[3] Cano A, Esteban-de-Antonio E, Bernuz M, Puerta R,
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