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Abstract

Background—Alzheimer disease (AD) was once a clinical diagnosis confirmed by postmortem 

autopsy. Today, with the development of AD biomarkers, laboratory assays to detect AD 

pathology are able to complement clinical diagnosis in symptomatic individuals with uncertain 

diagnosis. A variety of commercially available assays are performed as laboratory-developed tests, 

and many more are in development for both clinical and research purposes.

Content—The role of laboratory medicine in diagnosing and managing AD is expanding; thus, it 

is important for laboratory professionals and ordering physicians to understand the strengths and 

limitations of both existing and emerging AD biomarker assays. In this review, we will provide an 

overview of the diagnosis of AD, discuss existing laboratory assays for AD and their 

recommended use, and examine the clinical performance of emerging AD biomarkers.

Summary—The field of AD biomarker discovery and assay development is rapidly evolving, 

with recent studies promising to improve both the diagnosis of symptomatic individuals and 

enrollment and monitoring of asymptomatic individuals in research studies. However, care must be 

taken to ensure proper use and interpretation of these assays. For clinical purposes, these assays 

are meant to aid in diagnosis but are not themselves diagnostic. For individuals without symptoms, 

AD biomarker tests are still only appropriate for research purposes. Additionally, there are 

analytical challenges that require careful attention, especially for longitudinal use of AD tests.

Alzheimer disease (AD)3 is a devastating brain disorder that affects patients, their families, 

and the community. Although progress continues to be made, there is not yet a treatment to 

stop or slow the progression of the disease. As a result, AD has been the focus of much 

*Address correspondence to: M.M.B. at Department of Pathology and Immunology, Washington University School of Medicine, Box 
8118, 660 S. Euclid, St. Louis, MO 63110. Fax 314-362-1461; melissa.budelier@wustl.edu. R.J.B. at Department of Neurology, 
Washington University, 660 S. Euclid, Campus Box 8111, St. Louis, MO 63110. Fax 314-747-7060; batemanr@wustl.edu.
Author Contributions: All authors confirmed they have contributed to the intellectual content of this paper and have met the 
following 4 requirements: (a) significant contributions to the conception and design, acquisition of data, or analysis and interpretation 
of data; (b) drafting or revising the article for intellectual content; (c) final approval of the published article; and (d) agreement to be 
accountable for all aspects of the article thus ensuring that questions related to the accuracy or integrity of any part of the article are 
appropriately investigated and resolved.

Authors’ Disclosures or Potential Conflicts of Interest: Upon manuscript submission, all authors completed the author disclosure 
form.

Employment or Leadership: None declared. Consultant or Advisory Role: R.J. Bateman, C2N, Pfizer, Johnson & Johnson, 
Hoffman La Roche/Genentech, AC Immune. Stock Ownership: R.J. Bateman, C2N. Honoraria: M.M. Budelier, MSACL Annual 
Conference, ACLPS Annual Meeting; R.J. Bateman, Johnson & Johnson. Expert Testimony: None declared. Patents: M.M. 
Budelier, WU: T-018941; R.J. Bateman, 7,892,845, Patent Application 62/515,294.

HHS Public Access
Author manuscript
J Appl Lab Med. Author manuscript; available in PMC 2021 January 01.

Published in final edited form as:
J Appl Lab Med. 2020 January 01; 5(1): 194–208. doi:10.1373/jalm.2019.030080.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



research, and great strides are being made to improve diagnosis and prediction of the 

disease. Experts have indicated that diagnostic tools could be the missing link to developing 

effective treatments (1). The diagnosis of AD was once based entirely on clinical 

examination and autopsy (2, 3). Now, with the identification of AD-specific biomarkers, 

including the development of cerebrospinal fluid (CSF) and blood-based clinical assays, the 

role of laboratory medicine in managing AD is expanding (3–5). The purpose of this review 

is to familiarize laboratory professionals with the diagnosis of AD, explore the current and 

future role of laboratory testing in managing the disease, and provide references for 

individuals interested in learning more about the current research on circulating biomarkers 

of the disease.

THE PREVALENCE OF AD

AD is the leading cause of dementia and is characterized by progressive memory decline and 

cognitive impairment including loss of language and behavioral and personality changes (6). 

Individuals with AD dementia become unable to care for themselves, and the disease is 

ultimately fatal with an average duration of approximately 10 years. In the US, it is 

estimated that 1 in 10 individuals over the age of 65 suffers from the disease, with 

prevalence increasing with age. The estimated prevalence for individuals 65–74 years of age 

is 3%, 75–84 is 17%, and >85 is 32%, and the incidence of the disease is increasing owing 

to the aging population (6). The cost to Medicare and Medicaid for individuals with AD is 

estimated to be $195 billion in 2019, and by 2050, it is estimated to be $770 billion (7). 

Although progress is being made, treatments have yet to effectively halt the progression of 

the disease, possibly because AD is diagnosed and treated too late, after irreversible damage 

has already occurred.

DIAGNOSING AD

AD was first pathologically described by Dr. Alois Alzheimer in 1906, when he conducted 

an autopsy on one of his patients with dementia, Auguste Deter, who presented 5 years prior 

with rapidly increasing memory impairment and behavioral changes (8). Dr. Alzheimer 

described the 2 defining pathological features of AD: amyloid plaques and neurofibrillary 

tangles.

Over a century after the discovery of the disease, the gold standard for diagnosing definite 
AD is still a postmortem autopsy identifying neurofibrillary tangles and amyloid plaques in 

patients who meet the clinical criteria for probable AD (3). Although autopsy is likely to 

remain the gold standard, significant progress has been made to predict the disease 

antemortem with diagnoses of probable or possible AD. In 1984, diagnostic guidelines were 

established by the National Institute of Neurological and Communicative Disorders and 

Stroke and the Alzheimer’s Disease and Related Disorders Association working group. 

3Nonstandard abbreviations: AD, Alzheimer disease; CSF, cerebrospinal fluid; MCI, mild cognitive impairment; Aβ, amyloid beta; 
Aβ 42, amyloid beta peptide with amino acids 1 to 42; Aβ 40, amyloid beta peptide with amino acids 1 to 40; p-tau, phosphorylated 
tau; t-tau, total-tau or truncated tau; APP, amyloid precursor protein; FDA, Food and Drug Administration; AUC, area under curve; 
CRM, certified reference material; DIAD, dominantly inherited Alzheimer disease; ApoE, apolipoprotein E; NfL, neurofilament light 
chain
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Diagnosis relied on clinical and cognitive evaluation for symptoms of dementia with 

progressively worsening memory loss; deterioration in motor, language, and perceptive 

functions; and absence of other diseases or disorders that could account for the cognitive 

decline (2). Sequential CT scans showing progressive brain atrophy were considered 

supportive to the diagnosis of probable AD. CSF testing was only used to rule out other 

causes of cognitive decline. Possible AD, which was considered a less confident diagnosis 

than probable AD, was considered when other causes of cognitive decline were identified 

that could cause, but were not thought to account for, the patient’s dementia. The 1984 

criteria also recommended identifying subtypes of the disease for research purposes, such as 

early age of onset (i.e., onset <65 years old), familial vs sporadic AD, and the presence of 

coexisting conditions such as Parkinson disease and trisomy-21 (2).

EVOLVING DIAGNOSTIC CRITERIA

Between 1984 and 2011 substantial progress was made in understanding the progression of 

AD and the accompanying biological changes. In 2011, the National Institute on Aging and 

the Alzheimer’s Association redefined the recommendations for diagnosing possible or 

probable AD (3). The major differences between the old and new guidelines were in 

recognizing different stages of AD, and the inclusion of AD biomarkers. The 1984 

guidelines recognized only the final stage of the disease, whereas the 2011 guidelines 

recognized 3 stages: Alzheimer’s dementia, mild cognitive impairment (MCI), and 

preclinical AD. Although MCI diagnosis is intended for both clinical and research use, 

diagnosis of preclinical AD is currently intended for research use only (3).

To distinguish between these stages, the 2011 guidelines recognized a variety of imaging 

tests (including amyloid PET, PET glucose uptake, and MRI) and CSF biomarkers that were 

not available in 1984 (3). Since 2011, additional guidelines have been published on 

diagnosing AD for research purposes (5). In 2016 an A (β-amyloid)/T(tau)/N 

(neurodegeneration) classification scheme was proposed to categorize multidomain 

biomarker findings within individuals. This scheme divides biomarkers into categories and 

provides dichotomous ratings based on the presence (+) or absence (−) of biomarkers in that 

category (9). Although this scheme and many of the published guidelines are not yet used 

for diagnostic purposes, the clinical diagnosis of AD is expected to rapidly evolve. As new 

AD biomarkers emerge, it is important for both laboratory professionals and ordering 

physicians to recognize the appropriate use of laboratory tests for AD and current limitations 

and challenges associated with testing.

CURRENT BIOMARKERS FOR AD

Examples of existing AD biomarkers include CSF markers of amyloid β (Aβ) plaque 

accumulation including Aβ42 and the Aβ42/Aβ40 ratio, and CSF markers of tau, a major 

component of neurofibrillary tangles, including phosphorylated tau and truncated tau (a.k.a. 

total tau) (3, 4). Appropriate clinical use of these biomarkers, suggested by the Alzheimer’s 

Association workgroup (4), are summarized in Fig. 1.
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MARKERS OF AMYLOID PLAQUES

Amyloid plaques are formed in the brain from products of amyloid precursor protein (APP), 

a membrane protein involved in synapse formation and signaling. Secretases cleave APP 

into hydrophobic Aβ peptides of various lengths. In normal brain physiology, these peptides 

are cleared into the CSF or are transported into the blood across the blood- brain barrier. 

However, overproduction or reduction in clearance of amyloid peptides results in formation 

of the amyloid plaques that are characteristic of AD (10). These plaques primarily contain 

Aβ peptide 1–42 (Aβ42) and act as a “sink” for the peptide, reducing Aβ42 concentrations 

in both CSF and blood. Amyloid β 1–40 (Aβ40) is also formed during APP cleavage but is 

not consistently different between individuals with amyloid plaques and healthy controls. 

Measuring the ratio of Aβ42 to Aβ40 can help account for interindividual variation in 

amyloid concentration. Decreased CSF concentrations of Aβ42 or Aβ42/Aβ40 are used to 

predict the presence of brain amyloid plaques and are included in the National Institute on 

Aging and the Alzheimer’s Association guidelines for diagnosing preclinical AD and 

atypical AD (3).

CSF Aβ42 and Aβ40 can be measured by either mass spectrometry or immunoassay. These 

assays are performed commercially by Athena Diagnostics and Quest, which measure CSF 

Aβ42 and Aβ40 as laboratory-developed tests. Athena Diagnostics uses an ELISA method, 

and Quest uses a mass spectrometry assay. Both Roche Diagnostics and Fujirebio have 

developed immunoassays for Aβ42 and Aβ40. Although not yet commercially available, 

both manufacturers received breakthrough device designation to accelerate Food and Drug 

Administration (FDA) clearance for use on their automated platforms (11, 12). Table 1 

shows the sensitivity, specificity, and area under the curve (AUC) of these and other assays 

for predicting positivity by amyloid PET. Of the published studies we reviewed, the 

specificity of the assays for amyloid plaque detection ranges from 78% to 95%, and the 

sensitivity ranges from 73% to 96% (Table 1) (13–18).

Although performance across assays is comparable, the measured concentrations and 

optimal cutoffs across the assays vary substantially (19, 20). This variation can be attributed 

to differences in antibodies, sample processing, and analytical methods. To overcome these 

challenges, a certified reference material (CRM) and 2 reference methods (Joint Committee 

for Traceability in Laboratory Medicine database # C12RMP1 and C11RMP9) have recently 

been developed for measurement in CSF (21). The reference methods use mass spectrometry 

without antibody enrichment and have high sensitivity and specificity for detecting amyloid 

plaques (21–23). C12RMP1, which was developed at the University of Pennsylvania, uses 

solid-phase extraction coupled with LC-MS/MS (21), whereas C11RMP9, which was 

developed by Roche Diagnostics and the University of Gothenburg, uses isotope dilution 

mass spectrometry (22, 23). Both assays have a wide linear range (from 100 to 3000 pg/mL 

and 150–4000 pg/mL, respectively) and acceptable interassay imprecision (2.6%−10% and 

6.4%, respectively), making them useful reference methods to set CSF Aβ42 concentrations 

in CRM. To compare longitudinal and cross-laboratory results, it will be important to use 

these CRMs to standardize measurements across laboratories.
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ISOFORMS OF TAU IN CSF (P-TAU)

Neurofibrillary tangles, one of the pathologies characteristic of AD, contain aggregates of 

hyper- phosphorylated tau protein. In healthy individuals, tau proteins stabilize microtubules 

and help give neurons their structure. In AD, tau is phosphor- ylated and dissociates from 

microtubules, resulting in disassembly of microtubules, aggregation of tau, and impaired 

communication between neurons (24, 25).

Tau is secreted by neurons into the interstitial fluid of the brain and travels to the CSF and 

blood, where it is broken down and cleared from the body (25). Increased concentrations of 

soluble p-tau are associated with the presence of amyloid plaques and neurofibrillary 

tangles. Most assays measure p- tau181 (phosphorylated threonine 181), but, for research 

purposes, assays have also been developed to measure p-tau231 (phosphorylated threonine 

231) and p-tau199 (phosphorylated serine 199) (17, 26, 27). Depending on the study, the 

sensitivities and specificities of these assays for detecting amyloid plaques vary 

substantially, ranging from 80% to 82% and 69% to 86%, respectively (Table 1).

Clinical performance is improved when p-tau is combined with other AD biomarkers, such 

as Aβ42. This strategy is applied to both assays in development and commercially available 

assays. For example, a study performed with the Roche Elecsys® assay for CSF p-tau181 

reported a sensitivity of 82% and a specificity of 76%. When combined with Aβ42, the ratio 

of p-tau181 /Aβ42 in CSF increased the sensitivity and specificity to 92% and 89%, 

respectively (16). Athena Diagnostic’s ADmark® assay measures p-tau181, Aβ42, and t-tau. 

Clinical performance studies of ADmark used clinical diagnosis instead of PET imaging as 

the gold standard but reported a similar sensitivity and specificity (28) (Table 1). Mass 

spectrometry was recently used to identify additional tau phosphorylation sites in CSF of 

individuals with AD, which may be better able to differentiate between individuals with and 

without AD, but further investigation is needed (29).

TRUNCATED TAU IN CSF (T-TAU)

Tau is a complex protein with a variety of isoforms and fragments in the central nervous 

system (30). Barthelemy et al. reported 29 phosphorylation sites on full-length tau, found in 

brain tissue, and 12 phosphorylation sites on truncated tau, found in CSF (29). When tau is 

measured, the isoforms detected depend on the antibodies or extraction methods used, which 

vary between assays (31). What is commonly referred to as “total tau” or “t-tau” in CSF 

consists almost entirely of n-terminal soluble fragments of tau (truncated tau) in healthy 

individuals and individuals with AD (29–31). Commercially available immunoassays 

recognize the mid-domain of tau and do not differentiate between full-length and truncated 

tau. Therefore, we now use “t-tau” to indicate “truncated tau” in normal and AD CSF. 

Truncated tau is an actively produced and secreted fragment that is different than the full-

length tau released with neuronal cell death. Although increases in CSF p-tau181 

concentration are mostly specific to AD, t- tau concentrations are increased in other 

neurodegenerative diseases. Increased concentrations of t-tau are associated with decreased 

cognitive function and neurodegeneration, but the exact forms may be different between 

diseases and are not specific for AD dementia. In addition to immunoassays, mass 
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spectrometry methods to measure t-tau in CSF have been developed (32). In AD, t-tau could 

represent neurodegeneration, tangles, or amyloid plaques, and future longitudinal studies 

will be needed to understand these relationships.

GENETIC MARKERS OF AD

Individuals with dominantly inherited AD (DIAD) have mutations in the genes for presenilin 

1, presenilin 2, or APP. Mutations in these genes alter the structure of γ-secretase (presenilin 

1, presenilin 2) or structure of Aβ (APP), causing more aggregation-prone forms of Aβ to be 

generated. Although there is no effective treatment to prevent DIAD, clinical testing for 

these mutations is available and can be done with clinical genetic counseling guidance and 

an ordering physician. DIAD is nearly 100% penetrant, and the age of onset is typically in 

the 30s to 50s with predictable onset by mutation type. DIAD is rare, making up <1% of AD 

diagnoses, but is a major focus of AD research (33) by informing stages of biomarker 

changes with the potential to develop effective prevention treatments for DIAD.

The genetic contributions of sporadic AD are largely mediated by APOE4, one of the 

strongest genetic risk factors of a common disease. The most common APOE alleles are ε2, 

ε3, and ε4, which encode for apolipoprotein E (ApoE). ApoE2 and ApoE4 differ by only 2 

amino acids, but ApoE4 increases the risk of AD by 3-fold for each ε4 allele, whereas 

ApoE2 lowers AD risk. The prevalence of having one or more APOE ε4 alleles in patients 

with AD is approximately 50% compared to approximately 25% for the general population 

(34). Testing for APOE ε4 allele is neither sensitive nor specific for AD. Although there are 

FDA-approved tests for APOE genotype, including many direct-to- consumer options, this 

testing is currently discouraged (5).

However, when APOE testing is combined with other biomarkers, it has been shown to 

improve clinical performance. This strategy is an option in the Athena Diagnostics 

ADmark® assay (35) and is explored in the recent literature (10, 36, 37). APOE ε4 status 

can be determined via DNA sequencing or inferred by mass spectrometric analysis of the 

ApoE protein (38). Although DNA sequencing is the more common approach, analysis by 

mass spectrometry has the potential for multiplexing and for assessing the effect of ApoE 

concentration. However, more research needs to be done to determine the utility of this 

approach.

CLINICAL UTILITY OF EXISTING BIOMARKERS

Although the use of any of these biomarkers was initially recommended only for research 

purposes (3), more recent reports indicate some of these markers (CSF: Aβ42, Aβ42/β40, p-

tau) are appropriate for select clinical situations. For example, a 2018 Alzheimer’s 

Association working group (4) indicated clinical biomarker testing is appropriate in the 

setting of a dementia clinic, in patients with early-onset, progressive, or unexplained MCI or 

with comorbidities that add uncertainty to the diagnosis of AD. Clinical testing is not yet 

4Human genes: APOE, apolipoprotein E.
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appropriate for asymptomatic individuals and should be performed for research purposes 

only. The recommended use of these biomarkers is summarized in Fig. 1.

EMERGING BIOMARKERS FOR AD

Efforts to develop effective treatments for AD have been unsuccessful to date. One challenge 

encountered in therapeutic drug trials has been the lack of a gold standard to accurately 

diagnose AD, and other challenges include suboptimal target engagement, uncertainty of 

valid targets, and treating symptomatic individuals too late in the disease when the brain 

already has irreversible damage (39, 40). A more effective approach may be to prevent AD 

by developing treatments for at-risk individuals before symptoms begin, similar to the idea 

of giving statins to individuals who are at risk for heart disease. However, unlike heart 

disease, there is neither an effective treatment nor an appropriate test to identify individuals 

without symptoms who at risk for AD. AD pathology such as amyloid plaques and tau 

tangles can be observed by imaging and CSF assays up to 20 years before symptoms begin 

(33, 41). However, imaging is expensive, and CSF collection is invasive, making currently 

available AD tests impractical for enrolling and monitoring large numbers of asymptomatic 

participants in large therapeutic trials. Blood tests for AD are more appropriate screening 

tools, but have challenges. Blood is a more complex matrix with a higher background 

protein content, and concentrations of AD biomarkers are lower in blood than CSF (see 

approximate biomarker concentrations in Tables 1 and 2). Despite these challenges, many 

blood-based AD assays are in development. In addition to screening asymptomatic 

individuals for research purposes, blood- based AD assays have the potential to aid in 

diagnosing symptomatic individuals and may soon be appropriate for clinical use in some 

circumstances.

A variety of blood-based biomarkers for early detection of AD are being developed by both 

academia and industry (42, 43). We limited our review to blood-based AD biomarkers that 

have been replicated, are specifically linked with AD pathophysiology, and that we believe 

are closest to being ready for clinical practice.

A BLOOD TEST TO DETECT AND PREDICT AMYLOID PLAQUE FORMATION

Assays are being validated to quantify Aβ42 and Aβ40 in blood to identify amyloid plaques 

in individuals without symptoms for research purposes, and for diagnosing individuals with 

symptoms. The difference in Aβ42 concentration between amyloid-positive and amyloid-

negative individuals is smaller in blood than in CSF. Additionally, blood is a more complex 

matrix with lower concentrations of Aβ42 and Aβ40, making analysis more challenging 

(44).

A multitude of prior studies using ELISA found no difference between Aβ42 concentrations 

in the plasma of individuals with AD and healthy controls (45, 46). In 2017, the first highly 

specific plasma Aβ test for AD amyloid plaques was reported with a sensitive and precise 

mass spectrometry method (10). Similar to CSF, this report demonstrated reduced Aβ42/

Aβ40 in plasma, with a correlation coefficient between CSF and plasma of approximately 

0.7 (10). Since the initial reports, multiple groups have replicated these findings of decreased 
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plasma Aβ42/Aβ40 ratio in the presence of amyloid plaques determined by using amyloid 

PET imaging or CSF assays (36, 37, 47, 48). Studies measuring plasma Aβ42 and Aβ40 by 

immunoprecipitation-mass spectrometry reported higher AUCs of approximately 0.88 for 

detecting amyloid plaques than studies using immunoassays, which reported AUCs of 

approximately 0.77 (10, 36, 37) (Table 2).

A recent study demonstrated that plasma Aβ42/ Aβ40 can predict the conversion from 

amyloid-negative PET scans to amyloid-positive PET scans, years before plaques are visible 

by PET (36). This finding suggests that plasma Aβ may be more sensitive at detecting the 

development of amyloid plaques than the currently approved amyloid PET scans. However, 

further research is needed to replicate these results, ideally with prospective longitudinal 

studies.

Although assays measuring plasma Aβ42 and Aβ40 hold promise, especially for enrollment 

and monitoring in clinical trials, larger studies are needed to assess clinical performance, 

analytical performance, and preanalytical variables across platforms (49). Different 

analytical methods produce different Aβ42 concentrations and Aβ42/ Aβ40 ratios, pointing 

to the need for a CRM and reference methods, similar to that which is available for CSF 

Aβ42 (50–52). These methods will be especially important if research participants or 

patients are followed longitudinally. Additionally, before these assays are performed 

clinically, care must be taken to ensure appropriate use (4).

TAU ISOFORMS IN BLOOD

Concentrations of both t-tau and p-tau are approximately 100 times lower in blood than in 

CSF (Table 1, Table 2), making analysis in blood challenging. It is unclear if the multiple p-

tau isoforms identified in CSF (29, 30) are also present in blood. A small study (n = 35) 

measured plasma p-tau181 and was able to discriminate between AD and control with a 

sensitivity of 60% and a specificity of 86% (53). Further work with proteolytic fragments of 

tau suggest that AD-specific tau may be quantifiable in plasma (31). These initial promising 

studies suggest that plasma tau measurements may be able to accurately inform on tau 

pathophysiology and provide additional diagnostic and prognostic information on patients’ 

clinical status.

Similar to analysis in CSF, t-tau on its own is not specific for AD. The plasma Quanterix 

Simoa t-tau assay had an area under the ROC of 0.60 when compared to amyloid PET, with 

better performance of blood p-tau181 at 0.80 (54). When combined with measurement of 

Aβ42 and Aβ40, t-tau improves test sensitivity for amyloid plaques (55).

NEUROFILAMENT LIGHT CHAIN

Neurofilaments are a major component of the neuronal cytoskeleton and are composed of 

neurofilament heavy chain, neurofilament medium chain, and neurofilament light chain 

(NfL). When neurons die, this protein is released into CSF and blood and is a marker of 

neurodegeneration (56). Multiple studies evaluated neurofilament proteins in the CSF and 

blood of individuals with MCI, AD dementia, non-AD dementia, and healthy controls (57–

59). NfL is not specific for AD, but increased concentrations in individuals with AD are 
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associated with increased memory problems. When measured alongside other AD 

biomarkers, NfL may improve performance of screening tests and may be useful for long-

term longitudinal disease monitoring.

To date, most methods for measuring NfL have relied on immunoassays, and although not 

yet FDA approved, automated immunoassays have been developed to measure NfL. On its 

own, NfL is neither sensitive nor specific for diagnosing AD, but its elevation coincides with 

onset and progression of brain lesions, MCI, and AD, and other neurodegenerative diseases 

(60). Quanterix Simoa offers an NfL assay, currently for research use only (61), and Roche 

has also developed an assay to measure NfL that when combined with plasma Aβ42 and 

Aβ40 increases the sensitivity of amyloid plaque detection (using CSF Aβ42/Aβ40 as the 

gold standard) from 75% to 86% but decreases the specificity from 72% to 70% (48).

NfL undergoes multiple posttranslational modifications (62), which are not identified with 

existing immunoassays. Analysis by mass spectrometry may lead to discovery of important 

disease- specific posttranslational modifications; however, quantitative mass spectrometry 

assays for NfL are not yet available.

CONSIDERATIONS FOR PRESENT AND FUTURE CLINICAL USE

Biomarker tests of AD, including FDA-approved amyloid PET scans and commercially 

performed CSF assays, are currently used in the clinical diagnosis of symptomatic patients. 

Although these tests detect AD pathology, they are not diagnostic of disease by themselves. 

It is important to interpret these tests within the clinical context. For example, approximately 

one-third of older, cognitively normal people have amyloid plaques in their brain (63). 

Amyloid plaques by themselves do not guarantee that a patient’s cognitive symptoms are 

due to AD. In the context of a clinical presentation consistent with AD, detection of amyloid 

plaques, tau tangles, and neurodegeneration can provide high confidence that AD is the 

cause of disease. In contrast, a negative test result of amyloid plaques strongly indicates a 

non-AD cause and appropriately directs the search for other diagnoses. Future AD clinical 

tests will combine and compare abnormalities in multiple key pathologic proteins, such as 

amyloid-β, tau, and NfL to help ensure diagnosis and stage the disease. This approach 

promises to optimize the accurate diagnosis of patients and lead to better clinical 

management of prognosis and treatment. Table 3 illustrates the theoretical effect improving 

AUC can have on test performance. With hypothetical data to generate AUCs of 0.85 and 

0.95, and choosing a cutoff that balances sensitivity and specificity, the 0.1 increase in AUC 

reduces the false-positive rate from 23% to 12%. If a cutoff is set in the hypothetical data to 

optimize sensitivity (e.g., to be used as a screening test), the false-negative rate would be 

reduced from 18% to 2% (Table 3).

Blood-based AD biomarker assays are currently in development, and a subset of these 

assays that we believe are closest to being clinically available are summarized in Table 2. 

Although blood-based assays may aid in the diagnosis of symptomatic individuals, in the 

near future, they may also be used to enroll and monitor asymptomatic individuals in 

observational and therapeutic research trials. However, diagnostic testing is not yet 
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appropriate for clinical use in individuals without symptoms, until effective prevention 

approaches are developed.

With all AD assays, alterations in preanalytical and analytical handling can cause substantial 

differences in results. These differences may be magnified in plasma where the matrix is 

more complex, concentrations are lower, and gaps between “healthy” and “disease” states 

are smaller. To enable plasma assays to be ready for commercial or laboratory-developed 

test clinical use, preanalytical and analytical factors will need to be well validated. In 

addition, use of these tests for longitudinal testing introduces additional considerations of 

stability and reference standards. Currently, measured concentrations or ratios are not 

translatable across platforms, and each laboratory performing testing needs to validate 

reference intervals specific to their assay to advise the ordering physician on how to interpret 

the results. Once commercially available, CRM and reference methods may be able to help 

address interassay variability.

Diagnostic AD tests developed over the past 15 years have profoundly changed our 

understanding and ability to track, monitor, and diagnose AD. Reliable and clinically 

feasible blood tests are now in development and likely to transform AD research and clinical 

practice even further. The Alzheimer’s Association Global Biomarkers Standardization 

Consortium and the International Federation of Clinical Chemistry Working Group for CSF 

proteins are making progress to standardize these biomarkers. Consensus on gold standards, 

development of CRMs and reference methods for all AD biomarkers (currently used and 

emerging) will enable more rapid and efficient research and clinical trials for AD prevention 

and treatment studies. Moving these biomarkers from research testing to clinical diagnostic 

testing will require further, properly designed clinical studies to evaluate the clinical 

diagnostic utility and to compare the utility of emerging assays to existing gold standards 

(such as FDA-approved amyloid PET). Collaboration between academic researchers, clinical 

chemists, industry leaders, and the FDA will be necessary to move these and any future AD 

biomarkers toward the clinic.
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IMPACT STATEMENT

Laboratory professionals will increasingly be involved in laboratory testing for 

diagnosing and managing Alzheimer disease (AD). In this review, we will familiarize 

laboratory professionals with the diagnosis of AD, explore the current and future role of 

laboratory testing in managing the disease, and provide references for individuals 

interested in learning more about the current research on biomarkers of AD.
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Fig. 1. Current Utility of AD Biomarkers.
Proposed clinical use (4) and research use of AD biomarkers.
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Table 3.

Decreased false-positive and false-negative rates with increased AUC.
a

AUC Sensitivity Specificity False positive rate, % False negative rate, %

0.8 82% 75% 25% 18%

77% 77% 23% 23%

70% 85% 15% 30%

0.85 82% 78% 22% 18%

78% 78% 22% 22%

72% 86% 14% 28%

0.9 94% 72% 28% 6%

88% 78% 22% 12%

86% 84% 16% 14%

0.95 98% 74% 26% 2%

88% 88% 12% 12%

79% 94% 6% 21%

a
For any AUC, there will be a variety of sensitivities and specificities that depend on the shape of the ROC curve. The values in this table are based 

on hypothetical data and are meant to illustrate the large improvements in false-positive and false-negative rates that could be observed from small 
improvements in AUC. Based on this hypothetical data, the difference between a test with an AUC of 0.85 and 0.95 can improve the false-positive 
and false-negative rate from 22% to 12% for balanced sensitivity and specificity. When used as a screening test (i.e., when the cutoff is moved to 
improve sensitivity at the expense of specificity), the numbers of false negatives can improve from 18% to 2%.
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