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 Alzheimer’s 

d isease  (AD)  i s  a  s lowly  progress ive 

effect ive treatment.  I t  is  poss ible  to 

distinguish an early-onset AD that affects a 

limited number of subjects of young age, and 

a sporadic or late-onset form of the disease 

are diagnosed with AD. As life expectancy has 

increased considerably over the past century, 

the number of people diagnosed with AD has 

pathologies represent a huge social and 

economic burden. The number of individuals 

waiting for effective disease-modifying 

the majority of these cases are caused by 

US  about 6 million individuals are living with 

AD, and more than 9 million people are in EU 

member states (OECD and European Union, 

2020). The costs of health care and long-

societal impact, enormous efforts have 

mechanisms of the disease with the hope 

of identifying new targets and, therefore, 

the clinical practice is still anchored to the 

glutamatergic systems. 

AD is  a  progress ive disease in  which 

degeneration advances. Several risk factors 

history, age, lifestyle, and environment. AD 

is characterized by peculiar histopathological 

modifications that occur well in advance 

o f  t h e  c l i n i ca l  sy m p to m s .  I t  i s  we l l 

established that AD spans decades; thus, 

several clinical stages have been classified, 

each characterized by specific molecular 

alterations that change as the disease 

caused by the aberrant phosphorylation of 

the cytoskeletal neuronal tau protein, and 

neurons. Senile plaques typically tend to 

accumulate extensively throughout the 

lobes being the most affected. Clinical 

is the earliest event that is followed by 

synaptic dysfunction and increased tau 

phosphorylation. The latter places neurons 

formation of intraneuronal NFTs, leading 

to neurodegeneration and the onset of 

cognitive symptoms (Jack and Holtzman, 

2013). Since NFTs appearance in the brain 

seems to follow a pattern, Braak and Braak 

proposed to classify AD in six stages based on 

symptoms). Then, NFTs seem to affect the 

hippocampus, firstly in the CA1 region, and 

Once the amygdala and the thalamus are 

filled up with NFTs (stage IV), these tangles 

spread also into neocortical association 

areas (mainly layers III and V) (stages V 

and VI, full-blown and advanced AD). The 

formation with neuronal degeneration 

constitute the so-called amyloid cascade 

hypothesis (Hardy and Higgins, 1992), which 

proteins. The most common late-onset 

AD form appears to be characterized by a 

more intricate interplay between genetic 

of both microglia and astrocytes, vascular 

changes, and other factors that impact brain 

health, such as hypertension, dyslipidemia 

and obesity, diabetes mellitus, smoking, 

et al., 2021). All these contribute to the 

complexity of the disease.

targets for the development of disease-

modifying drug candidates against AD 

(Loera-Valencia et al., 2019). After waiting 

almost twenty years, the last Food and 

Drug Administration-approved drug for 

AD, aducanumab, is indeed a monoclonal 

fibrils. Aducanumab approval gives hope to 

the many patients waiting for a cure, but 

it must be emphasized that aducanumab 

a p p rova l  h a s  b e e n  a c co m p a n i e d  by 

numerous controversies mostly related to 

the sampling of subjects enrolled in clinical 

AD 

begins many years before the clinical onset 

of the disease. The results of both preclinical 

and human studies converge towards this 

point. This evidence prompted researchers 

to identify and standardize biomarkers 

useful for diagnosing the disease as early 

as possible, because it is now likewise clear 

that the treatment must be started very 

disease. Any treatment started when AD is 

already fully overt may just slightly slow the 

course of the disease. As AD pathogenesis is 

complex, there is an urgent need for further 

research to understand all the important 

mechanisms underlying it, and at what stage 

they occur and become measurable. 

Although AD is typically defined by specific 

protein accumulation, it shares with other 

age-related neurodegenerative diseases 

many fundamental processes associated 

with progressive neuronal dysfunction and 

death (e.g., neuroinflammation, oxidative 

stress, proteotoxic stress, programmed 

cell death) that can be present before the 

onset of clinical features. As discussed 

below, other diseases may culminate into 

AD biomarkers do not necessarily develop 

AD. All these aspects should be taken into 

and interpretation of biomarkers. Hence, 

their progression in clinical trials are a major 

research priority. Moreover, biomarkers 

for early diagnosis could help in preventing 

or limiting disease progression through 

Currently, the diagnostic gold standard 

for AD is a neuropathological evaluation 

a t  a u t o p sy  o r  t h e  m e a s u re m e n t  o f 

cerebrospinal fluid (CSF) proteins which 

requires invasive procedures. Blood proteins 

and neuroimaging techniques have also 

demonstrated possible utility. Recently, 

several circulating small non-coding RNAs 

(Watson et al., 2019). Indeed, sncRNAs 

exert diverse roles and participate in gene 

regulation. So, their expression changes 

during disease progression. MicroRNAs 

(miRNAs) are the most studied sncRNAs with 

regulatory functions. They are differentially 

suffering from diverse neurodegenerative 

disorders, including AD. The involvement of 

miRNA in disease development represents a 

promise for future studies as these sncRNAs 

between disease subtypes and stages 

(Watson et al., 2019).

 In 2016, an 

unbiased descriptive classification scheme 
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for AD biomarkers has been elaborated. This 

scheme called the A/T/N system divides the 

major AD biomarkers into three categories 

based on the nature of the pathophysiology 

that each measure, namely biomarkers 

fibrillar tau labeled “T”, and biomarkers 

of neurodegeneration or neuronal injury 

labeled “N” (Jack et al., 2016). This system 

is flexible in that new biomarkers can be 

biomarker groups beyond A/T/N could be 

added when available. Starting from this 

scheme, the 2018 National Institute on 

biological level, by neuropathologic changes 

or biomarkers, and considers cognitive 

impairment as a symptom of the disease 

et al., 2018). In other words, this framework 

defines AD by biomarkers indicative of 

neuropathologic changes independent from 

clinical symptoms. It is now well established 

that the diagnostic criteria (e.g., Mini-

Mental State Examination and others) used 

by physicians to define probable AD do not 

necessarily correspond to AD pathologic 

changes. Indeed, up to 30% of patients 

diagnosed with AD dementia do not reveal 

AD hallmarks at autopsy (Nelson et al., 

2011). In this context, the use of the A/T/N 

score system may be advantageous to make 

more accurate diagnoses.

Several CSF and plasma biomarkers that, 

to different extents, measure different 

pathogenic mechanisms are available. 

Biomarker abnormalities for AD-related 

pathophysiological processes, such as 

synaptic dysfunction, neuroinflammation, 

along with the phases of the AD continuum 

(Palmqvist et al., 2019) (Figure 1).

The first changes regard alterations in both 

42 40

followed by soluble tau modifications. 

neurons increase both phosphorylation 

and secretion of tau, resulting in increased 

t o t a l  t a u  a n d  p h o s p h o r y l a t e d  t a u 

concentrations in CSF and plasma. CSF or 

plasma amyloid abnormalities precede 

change in amyloid positron emiss ion 

tomography (PET). Moreover, only after 

amyloid PET turns positive, the biomarkers 

and neurodegeneration result altered. 

Indeed, it is believed that microglia react 

and secrete the soluble triggering receptor 

expressed on myelo id  ce l l s  2 ,  which 

reaches its maximum in the mild cognitive 

impairment stage and then decreases as 

the disease progresses to the dementia 

stage. Another best-established biomarker 

for microglia is the translocator protein PET. 

to be CSF neurogranin (which increases in 

neuroaxonal degeneration is detected by 

measurement of neurofilament light into 

resonance imaging of the brain is thought to 

be the par excellence imaging biomarker to 

detect neurodegeneration. Lastly, astrocyte 

activation/degeneration is studied through 

the biomarker YKL-40 in the CSF, whereas 

studies looking at dosing the glial fibrillary 

acidic protein levels in both CSF and plasma 

are in progress.

The availabil ity of AD biomarkers has 

clinicians can utilize. However, their use 

in routine clinical practice is scant, mainly 

because they are based on imaging or CSF 

investigations, both invasive and expensive. 

Another issue to be addressed regards 

the real predictivity of these biomarkers. 

with AD make the clinical picture intricate. 

For instance, a patient diagnosed with 

frontotemporal dementia syndrome with 

positive AD biomarkers is likely to have a 

silent comorbid AD that does not contribute 

to the clinical syndrome at all. Moreover, 

a depressed patient with some cognitive 

problems may display symptoms due to 

depression or have preclinical AD. The role of 

comorbid AD in other neurological disorders 

represents a big challenge for physicians.

Another factor to be strongly considered is 

the relationship between AD pathological 

brain lesions and clinical status wanes with 

by age and most persons with preclinical AD 

lifetimes (Brookmeyer and Abdalla, 2018). 

Postmortem studies have well documented 

be seen in almost all aged brains, from 

both cognitively unimpaired and impaired 

subjects (Elobeid et al., 2016). This should 

be considered when developing diagnostic 

biomarkers, particularly for identifying the 

early stages of the disease.

Figure 1

emission tomography; P-Tau: phosphorylated tau; sncRNA: small non-coding RNA; sTREM2: soluble triggering receptor 
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AD therapy. Any progress in the diagnostic 

field must necessarily be accompanied 

b y  a d va n c e m e nt s  i n  p h a r m a co l o g y, 

otherwise, there is a risk of increasing 

unmet clinical needs. Despite many years of 

intense research, no AD disease-modifying 

treatments are available. Current therapy 

still relies on cholinesterase inhibitors 

(donepezil, rivastigmine, and galantamine), 

and the N-methyl-D-aspartate antagonist 

aducanumab has recently been added, but 

what the European Medicines Agency will 

decide. The currently used drugs just slightly 

improve behavioral symptoms and mental 

skills and poorly slow down the course of 

the disease. All these drugs are prescribed 

to people who receive a diagnosis of mild 

effects are reversible and lessen over time, 

because of the progression of the disease. As 

clinical onset and its therapy must be started 

very early to be effective, precisely during 

the asymptomatic stage. In agreement, the 

National Institute on Aging (2021) prompts 

scientists to study the earliest stage of 

dementia, named prodromal, a stage in 

leading to the disease have already been 

triggered, but the affected person is still 

asymptomatic. This poses two issues, the 

first, how to be sure that that person will 

actually develop the AD over time, and 

the second one, what to administer. Even 

if AD will be accurately diagnosed at the 

prodromal stage, there is no therapeutics 

to be administered.

In addition, people with prodromal AD 

who do not experience any symptoms may 

refuse invasive therapies or drugs that have 

safety and tolerability of these drugs must 

be considered with great attention. If new 

approved for prodromal AD, they would be 

used for decades and, therefore, patient 

compliance becomes a crucial aspect.

 AD biomarkers should 

be examined largely within the same 

individuals, and preferably in longitudinal 

cohort studies. Additional investigations 

are much needed to help identify the very 

early signs of AD, better understand the 

course of the disease, and, most importantly, 

clarify which biomarkers reliably predict AD 

development and which may be linked either 

still exist and highlight the need to explore 

new classes of biomarkers, in particularly 

for the very early stages of AD. The current 

answer to the question embedded in the 

title is that none of the biomarkers is as 

autopsy. However, they are much useful for 

observational and interventional research, 

Finally, in order not to run the risk of 

increasing the unmet clinical needs, it 

wi l l  be necessary to perform further 

pharmacological investigations aimed at 

developing new disease-modifying drugs 

to be used already in cognitively normal 

subjects and, therefore, endowed with safety 

as well as tolerability.
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