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Review

Abstract
Recent positive trials for novel disease modifying therapies of 
anti-amyloid monoclonal antibodies represent a paradigm shift 
in the prevention and management of Alzheimer’s disease, 
a relentlessly progressive and debilitating disease of old age. 
The reported efficacy of these new agents when given early in 
the disease trajectory is dependent on an early and accurate 
disease diagnosis, which is currently based on cerebrospinal 
fluid tests or/and neuro-imaging studies such as positron 
emission tomography. These confirmatory tests provide in 
vivo evidence of the pathological signature of Alzheimer’s 
disease, of increased cerebral amyloid and tau burden and 
neurodegeneration. The emergence of blood-based biomarkers 
represents another breakthrough, offering a less invasive 
and scalable diagnostic tool that could be applied in both 
primary and specialist care settings, potentially revolutionizing 
Alzheimer’s disease clinical pathways. However, healthcare 
systems face challenges in the adoption of these new 
technologies and therapies due to diagnostic and treatment 
capacity constraints, as well as financial and infrastructure 
requirements.  
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Introduction

Globally, dementia is the seventh leading cause 
of mortality, with the lives of approximately 
55 million individuals affected globally (1). 

The numbers of dementia sufferers are expected to 
rise further, due to the unprecedented increases of life 
expectancy, even if incidence and prevalence rates may 
remain stable or decrease (2–4).    

It has been estimated that Alzheimer’s disease (AD), 
with in-vivo or post-mortem evidence of associated 
pathological changes, represents around 90% of late-
onset dementia cases (5), although mixed pathologies 
are not uncommon in the oldest old (6, 7). In addition 
to the number of people at the clinical phase of AD, 
there exists a similar number of people experiencing 
early symptoms of AD, and an even greater at-risk 

population in preclinical disease stages (8). Individuals 
in the latter group exhibit normal cognitive abilities 
yet carry biomarkers indicative of the presence of AD 
pathological features, placing them at a higher risk for 
future cognitive decline (9, 10). Despite the significant 
challenges posed by AD and related dementias (ADRD) 
to patients, healthcare systems and societies, only seven 
(mostly symptomatic) drugs have been approved for AD 
(11) since 2000, in stark contrast to over 200 for cancer 
(12). However, the recent success of disease modifying 
therapies (DMTs) in anti-amyloid monoclonal antibodies 
has re-invigorated research and development efforts 
towards effective AD therapies and has built hope for 
eventual future widespread use of DMTs in healthcare 
settings, worldwide.

The average duration of the clinical manifestation 
of AD is about 8-10 years (13). However, the onset 
of overt cognitive decline is preceded by a long pre-
symptomatic period, possibly extending over twenty 
years, characterized by progressive pathological 
accumulation (10, 13, 14). In AD, the pre-clinical stage 
is associated with build-up of the typical pathological 
AD “triad” signature; initially soluble amyloid beta (Aβ) 
species and interstitial cerebral “amyloid plaques” (A), 
the phosphorylation and subsequent aggregation of 
Tau proteins into neurofilament tangles within neurons 
(T), with progressive loss of cerebral volume and brain 
atrophy and other features of neurodegeneration (N) (10, 
13, 14). 

 
Current clinical diagnostic pathway 

The current gold standard of diagnosis, besides post-
mortem pathological evaluation of AD, is based on in 
vivo evidence of increased Aβ and Tau brain burden, 
measured by either positron emission tomography (PET) 
scans and/or cerebrospinal fluid (CSF) studies (10). 
These allow for the ante-mortem identification of the 
amyloid, Tau, and neurodegeneration (ATN) “molecular 
and cellular signature” of AD pathobiological processes 
(10, 14). However, CSF sampling requires a lumbar 
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puncture, which is often perceived as being an invasive 
procedure, with potential side effects; PET is rarely 
accessible due to its relatively high costs and challenges 
in tracer production whilst PET scans require exposure 
to radiation. Hence, these barriers have limited their use 
outside a small number of specialist centres, at least in 
Europe and the UK. 

The clinical diagnostic pathway of dementia for older 
adults is, still, broadly based on evaluating clinical 
symptomatology and progression. When an individual, 
their relatives or carers are suspicious of dementia, 
they first usually attend a primary care service for their 
concerns about memory, mood or changes in personality. 
The physician will perform an initial clinical assessment 
and where the assessment suggests that dementia is a 
likely diagnosis, the patient will be referred to a memory 
clinic for further clinical evaluation, typically aimed at 
establishing the presence of cognitive decline and to 
identify cases of potentially reversible aetiology (15). 
Only a minority of patients are referred to specialist 
units for further investigations (16). Approximately 25%-
30% of individuals with a clinical diagnosis of AD are 
misdiagnosed when evaluated at specialised clinics and 
this is even higher in primary care (17–20). Furthermore, 
there are inequalities in diagnosis, with individuals from 
ethnic minority groups, that are single, and those with 
greater cognitive function, lower agitation, and functional 
impairment in activities of daily living, or those who were 
more physically fit more likely to be missed (21).

Novel and promising treatments for delaying 
disease onset and progression 

Novel DMTs for AD that have proven effective in 
delaying disease progression include pharmaceutical 
agents targeting disease-specific aetiologies such as Aβ 
and tau (22, 23). Furthermore, multi-domain lifestyle 
interventions targeting pathways associated with 
biological ageing such as oxidative stress and other 
metabolic and vascular factors (24) can also improve 
cognitive performance and have a lasting effect on 
dementia incidence and several other health outcomes, 
such as cardiovascular risk and multi-morbidity in older 
adults (25). Following over two decades of failures of 
pharmaceutical research and development towards 
DMTs in AD (9), there have been recent successes in 
trials of anti-amyloid monoclonal antibody-based 
therapies in early symptomatic phases of “mild cognitive 
impairment” (MCI) and early dementia due to AD (22, 
23). Two of these, Lecanemab and Donanemab have been 
shown to significantly reduce the brain amyloid load 
and potentially delay further cognitive and functional 
decline and dementia, if administered in the early stages 
of the disease. Indeed, Donanemab has been shown to 
be less effective in amyloid positive individuals that 
have a high Tau burden (22, 26). Both drugs are currently 
being tested in secondary prevention trials, in cognitively 

unimpaired (CU) individuals at high risk of dementia, 
based on evidence of being positive for ATN (27, 28).  

Readiness of Healthcare Systems 

There are significant challenges for the widespread use 
of monoclonal antibody therapies, including their high 
individual costs, amplified by the ever-increasing number 
of AD sufferers, low diagnosis rates, healthcare funding 
and infrastructure challenges. 

The patient groups that may qualify for monoclonal 
antibody therapies mainly involve individuals in the 
prodromal disease stages or patients with early stages of 
MCI/early AD  (22, 23, 29). However, if these treatments 
were to be administered to all eligible individuals in 
Europe at the same price as in the United States, the 
cost is estimated to be 133 billion euros annually (29). 
It has been suggested that the full recommended usage 
of monoclonal antibody therapies such as Lecanemab 
could lead to its costs representing more than half of all 
drug spending across the European Union, based on 
conservative estimates (29). 

Furthermore, the implementation of these therapies 
prerequire securing larger diagnostic capacity, 
additional training for the healthcare workforce and 
public awareness of early symptoms of AD, as well as 
an increase in genetic testing capacity (30). Globally, 
about 75% of people with dementia remain undiagnosed 
in high income countries, with this estimate reaching 
90% in low and middle-income countries (17–20, 31), 
with only a fraction of them having a specific AD 
diagnosis. Additionally, previous knowledge about 
APOE carriage had limited practical use and genetic 
testing was discouraged in suspected AD (32). However, 
amyloid-related imaging abnormalities (ARIA) have 
been observed on magnetic resonance imaging (MRI) 
scans after anti-amyloid immunotherapies (22, 23), with 
a higher prevalence in homozygous APOE ε4 genotype 
carriers (40.6%) compared to non-carriers (5.4%) (22). 
Hence, screening for the APOE genotype has become 
an integral part of the precise and personalized clinical 
and biological characterization for patient selection of 
such DMTs, due to the adverse interaction between 
monoclonal antibodies and the APOE ε4 genotype (32).  

These therapies also require regular drug infusions 
and drug monitoring for side effects (e.g., ARIA) using 
sequential MRIs over the treatment course (33). Apart 
from being a gold standard pre-mortem diagnostic tool 
for AD, amyloid PET scans are required to accurately 
measure the treatment effect on reducing the cerebral 
amyloid burden, in conjunction to cognitive testing of 
clinical outcomes. However, amyloid or tau PET scanning 
are not presently recommended by NICE in the United 
Kingdom or by regulatory agencies and payers in Europe 
and other parts of the world, as there was little evidence 
of clinical value and cost-effectiveness prior to the 
emergence of these new therapies (34). 
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In summary, major changes to the infrastructure of 
the dementia care pathway need to take place before the 
potential roll-out of these therapies. The lack of resources 
for accurate AD diagnosis highlights the need for better 
diagnostic tools for easily accessible and inexpensive 
screening of individuals in primary care. Furthermore, 
the proviso for the introduction of AD monoclonal 
antibody therapies into the public healthcare system, 
is that they are affordable. This is will hopefully be the 
reality, as research and development efforts for additional 
pharmaceutical therapies of AD increase. Arguably, the 
highest barrier alongside its high cost is catching the 
disease early in its course.

The implementat ion  of  blood-based 
biomarkers in primary and secondary care 
settings

The emerging evidence for an in vivo biomarker-based 
confirmatory diagnosis of the pathological ATN signature 
of AD prompted a research framework by the National 
Institute on Ageing and Alzheimer’s Association in 2018 
based on ATN for clinical research, which shifted the 
definition of AD from a purely clinical to a biological 
construct (35). As such, the disease was defined and 
staged across its continuum, using underlying 
pathology, as reflected by imaging (PET and MRI) or CSF 
biomarkers, rather than solely based on clinical symptoms 
and signs of cognitive decline on validated multidomain 
cognitive batteries (35). As research progresses into blood-
based biomarkers (BBMs), going beyond ATN to other 
putative components of the “aetio-pathogenic puzzle” 
of this complex and multi-factorial disease, the system 
is expanding toward ATX(N), where “X” represents 
other markers, such as those referring to inflammation, 
accelerated brain ageing, as well as metabolic, vascular 
and other factors (24, 36, 37). Furthermore, recently 
initiated large international collaborative efforts, 
using cutting-edge technologies, aim at expanding the 
biomarker pool for AD pathological signatures and, 
thus, potentially dissecting AD disease heterogeneity. 
One such initiative is the Global Neurodegeneration 
Proteomics Consortium (GNPC), which leads research 
into the proteomic fingerprinting of AD and other 
neurodegenerative disorders.

As our understanding of all the pieces of the puzzle 
and their respective personalized biomarker-based 
signatures and roles grows, the future of DMTs in AD 
may well follow the “combination therapy” model that 
has proven its value in the treatment of HIV and several 
common multifactorial diseases, such as cancer and 
hypertension (38).

Mass spectrometry-based (MS) and fully automated 
immunoassay methodologies in plasma samples are 
now emerging as being precise and robust, in clinical 
research studies (39). BBMs such as several Tau species 
(phosphorylated (p)-Tau 181, p-Tau 217, p-Tau 231, 

MTBR-tau243, and others), Aβ42/40, or algorithms 
combining biomarker data, APOE and age are already 
in use as pre-screening tools in clinical trials to reduce 
the number of amyloid negative individuals before 
undergoing CSF or PET testing to confirm diagnosis 
of AD (27, 40). One such example is a commercially 
available plasma test which uses an algorithm, 
incorporating plasma Aβ42/40, APOE, Tau (p-Tau217/
np-Tau217) and age to generate the amyloid probability 
score (APS) and has been validated for its diagnostic 
use in estimating the likelihood of being positive for 
amyloid on a PET scan. The area under the curve (AUC) 
for this test with the inclusion of p-Tau ratio was 95% and 
its accuracy 88%, when validated in two independent 
cohorts (41). Furthermore, the plasma p-Tau217 levels can 
also identify amyloid positive and negative individuals 
with high accuracy and may be a useful pre-screening 
tool to filter for eligible participants with high amyloid 
burden on PET or CSF in anti-amyloid immunotherapy 
trials (26). 

Plasma biomarkers haven demonstrated their 
diagnostic and prognostic value in AD patients and CU 
at-risk individuals respectively, even before exceeding 
the amyloid PET and CSF positivity thresholds (39, 
44–47). Both the Aβ42 and Aβ42/40 ratio are predictive 
of amyloid pathology in the brain (48–51); however, the 
fold change in these measures between Aβ+ and Aβ- 
individuals has been shown to be significantly smaller 
in plasma than in CSF, which limits its specificity in 
routinely identifying underlying AD pathology (50, 
51). These concerns are further compounded by the 
inter-assay coefficient of variability (52), which largely 
affects the diagnostic accuracy.  Plasma Tau biomarkers 
have been shown to be more valuable in accurately 
representing the disease continuum and the heterogeneity 
within the AD phenotype (43, 46, 53, 54). 

In the last five years, there have been many studies 
reporting the high accuracy of plasma tau biomarkers 
in diagnosing AD (43, 45, 46, 55–58), differentiating 
AD from other neurodegenerative diseases (51, 53, 55, 
59, 60), and predicting future dementia (50, 55, 59, 61). 
Furthermore, plasma tau biomarkers have also been 
validated with neuropathological confirmation (51, 
61–65). Plasma %p-Tau217 (ratio of phosphorylated-
Tau217 to non-phosphorylated Tau217), measured 
through mass spectrometry assays, demonstrated 
clinical equivalence to US-approved CSF biomarkers 
in the classification of tau PET status (AUC=0.95-0.97) 
and superiority in the classification of Aβ PET status 
(AUC= 0.95-0.98) in two independent cohorts (Swedish 
BioFINDER-2 cohort (N=1,422) and US Knight ADRC 
(N=337)) (43). Furthermore, in cognitively impaired 
sub-cohorts, the positive predictive value of plasma 
%p-Tau217 was equivalent to the CSF tests (43). Thus, 
based on this emerging evidence, a simple blood test can 
detect AD with the same or even greater accuracy than 
the alternative gold standard of CSF and PET biomarkers 
of amyloid and tau. 
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Additionally, the pTau217 biomarker may be a 
surrogate marker for disease progression, which 
will be useful in monitoring the efficacy of the novel 
DMTs. In the BioFINDER-1 cohort of individuals who 
had MCI or were cognitively unimpaired (NCU=147, 
NMCI=95) (66), p-Tau217 showed clear changes in Aβ+ 
individuals compared to Aβ- individuals in both pre-
clinical and symptomatic AD stages over a span of four 
to six years. The trajectory of plasma p-Tau 217 was also 
correlated with changes in cognitive domains as well 
as brain atrophy in regions typically implicated in AD 
(66). In another study using the same cohort, plasma 
P-tau 217 was shown to predict progression to AD with 
high accuracy (AUC=83%), which increased with the 
addition of memory, executive function, and APOE data 
(AUC=91%).  This study showed that the accuracy of 
plasma biomarkers in research settings seems to now be 
comparable to CSF p-Tau, Aβ42/Aβ40 and neurofilament 
light chain values and is significantly greater than the 
clinical predictions made by doctors in memory clinics, 
using cognitive tests and structural brain imaging (4-year 
AUC=0.71) (54). 

Requirements for the implementation 
of blood-based biomarkers in primary and 
secondary care settings

AD plasma biomarkers have not yet been implemented 
on their own merit as a single diagnostic tool in clinical 
practice, due to limited evidence of their equivalence to 
CSF and PET results in real world clinical settings (39, 
42, 43). For a biomarker to be scalable from research 
settings to clinical practice, it needs to be validated 
prospectively with scientific rigour in real-world clinical 
settings, encompassing both primary care and specialist 
memory centres. This is a necessary step to ensure its 
analytical and clinical robustness in diverse populations, 
proving its generalizability in populations with different 
demographic and other characteristics, before it is 
introduced to the market. Another requirement is for 
pre-determined thresholds to demonstrate clinical utility, 
independent of variations in sample handling, operators 
and laboratories. Hence, future research should focus on 
prospective validation in real world clinical settings and 
the inclusion of more diverse populations for increased 
generalizability of findings, as current studies are mainly 
based on retrospective cohorts from specialised centres 
(39). Piloting efforts to test the real-world implementation 
of BBMs include those by the Davos Alzheimer ’s 
Collaborative (DAC) SP Accurate Diagnosis Project,  and 
the AD RIDDLE study, the latter being funded by the EU 
Innovative Health Initiative (IHI) and UK Research and 
Innovation (UKRI) (67).

Most importantly, the current commercial assays are 
at prohibitive costs and rely on complex technologies, 
posing challenges for large-scale provision in clinical 
practice worldwide. Given the accumulating positive 

results about their high specificity and sensitivity, 
developers seem  responsive to their potential value in 
diagnostic and care pathways and are already taking  the 
necessary steps for these technologies to be successfully 
transferable to clinical practice within  the next two to 
five years, assuming their regulatory approvals within 
this and next year. It is not unreasonable to predict  the 
future BBM assays to be the equivalent in ease and costs 
of current “routine” laboratory tests.  

BBMs can work synergistically with ecologically valid, 
accessible and low-threshold digital tools assessing 
clinical cognitive and behavioural status, to facilitate an 
early, precise and personalized diagnosis, as well as track 
longitudinal disease trajectories and treatment responses 
(68).

In conclusion, based on the available evidence from 
recent research studies, the latest BBMs are highly 
promising AD diagnostic tools that are potentially more 
easily accessible, and which can be used at scale in 
primary care settings and may thus be useful for creating 
time and cost-effective patient-centred diagnostic and 
treatment plans. Given the relative unaffordability and 
invasiveness of the established CSF and PET biomarker 
tests, BBMs can play a key role in accelerating and 
scaling up the diagnostic pathways of early symptomatic 
AD stages and prevention strategies in at risk CU 
individuals. Additionally, they will aid in facilitating 
the implementation of novel current and future DMT 
therapies, whose clinical efficacy is expected to be optimal 
before irreversible neurodegeneration has begun. The 
AD field is rapidly moving into an entirely new era 
of answers and solutions, rather than unanswered 
questions. Therefore, this serves as an urgent call for 
transformation in diagnostic and care pathways, training 
of healthcare professionals, investment in infrastructure 
and appropriate funding, to allow for the adoption of new 
technologies and emerging novel DMTs. There is no time 
to waste. 
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