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Abstract
BACKGROUND: Recently, two monoclonal antibodies 
that lower amyloid plaques have shown promising results 
for the treatment of Mild Cognitive Impairment (MCI) and 
mild dementia due to Alzheimer ’s disease (AD). These 
treatments require the identification of cognitively impaired 
older adults with biomarker evidence of AD pathology using 
CSF biomarkers or amyloid-PET. Previous studies showed 
plasma biomarkers (plasma Aβ42/Aβ40 and p-tau181) and 
hippocampal volume from structural MRI correlated with brain 
amyloid pathology. We hypothesized plasma biomarkers with 
hippocampal volume would identify patients who are suitable 
candidates for disease-modifying therapy.
OBJECTIVES: To evaluate the performance of plasma AD 
biomarkers and hippocampal atrophy to detect MCI or AD 
with amyloid pathology confirmed by amyloid-PET or CSF 
biomarkers in ADNI.
DESIGN: A cross-sectional and longitudinal study.
SETTING AND PARTICIPANTS: Data were from the 
Alzheimer’s Disease Neuroimaging Initiative. Participants were 
aged 55-90 years old with plasma biomarker and structural MRI 
brain data. 
MEASUREMENTS: The optimum cut-off point for plasma 
Aβ42/Aβ40, p-tau181, and NFL and the performance of 
combined biomarkers and hippocampal atrophy for detecting 
cognitive impairment with brain amyloid pathology were 
evaluated. The association between baseline plasma biomarkers 
and clinical progression, defined by CDR-Sum of Boxes (CDR-
SB) and diagnostic conversion over two years, was evaluated 
using a Weibull time-to-event analysis. 
RESULTS: A total of 428 participants were included; 167 had 
normal cognition, 245 had MCI, and 16 had mild AD. Among 
MCI and AD, 140 participants had elevated amyloid levels by 
PET or CSF. Plasma Aβ42/Aβ40 provided the best accuracy 
(sensitivity 79%, specificity 66%, AUC 0.73, 95% CI 0.68-0.77) 
to detect drug candidate participants at baseline.  Combined 
plasma Aβ42/40, p-tau181, and hippocampal atrophy increased 
the specificity for diagnosis (96%), but had lower sensitivity 
(34%), and AUC (0.65). Hippocampal atrophy combined with 
the abnormal plasma p-tau181 or hippocampal atrophy alone 
showed high sensitivity to detect clinical progression (by CDR-

SB worsening) of the drug-candidate participants within the 
next 2 years (sensitivity 93% and 89%, respectively). 
CONCLUSION: Plasma biomarkers and structural MRI can 
help identify patients who are currently eligible for anti-amyloid 
treatment and are likely to progress clinically, in cases where 
amyloid-PET or CSF biomarkers are not available.

Key words: Plasma biomarkers, Alzheimer’s disease, plasma Aβ42/
Aβ40, plasma pTau181, and plasma NFL. 

Introduction

Alzheimer’s disease (AD) is a neurodegenerative 
disease pathologically defined by amyloid 
plaques, tau tangles, and neurodegeneration 

(1).  AD causes progressive cognitive impairment and 
is the major cause of dementia in the elderly (1, 2). AD 
patients usually present with a progressive decline 
in their cognition, which is severe enough to cause 
functional impairment (3).    

Novel, disease modifying medications are initiating 
a new era for AD treatment. U.S. Food and Drug 
Administration approved Aducanumab in 2021 via 
the Accelerated Approval pathway and Lecanemab in 
2023 via Traditional FDA Approval for treating AD. 
Recently, Donanemab provided positive results in a 
randomized clinical trial to slow the clinical progression 
of AD patients (4-6). The medications mentioned are 
designed to target the underlying causes of AD by 
removing Amyloid-beta (Aβ) plaques. Lecanemab has 
been approved for the early stages of AD (mild cognitive 
impairment (MCI) and mild AD dementia), with evidence 
for elevated brain amyloid (4, 7). Identifying older adults 
who are suitable candidates for AD therapeutics is crucial 
in ensuring patients receive prompt treatment.

Amyloid PET or lumbar puncture for CSF amyloid 
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are needed to confirm whether patients should 
receive AD therapies. However, these procedures are 
invasive, time-consuming, and costly and have some 
limitations, such as counterindication in patients with 
coagulopathy. Therefore, we investigated whether more 
efficient methods, including structural MRI and plasma 
biomarkers, could be used to identify patients who are 
likely to benefit from AD therapeutics.

According to previous studies, numerous plasma 
biomarkers are associated with the clinical and 
pathological sequelae of AD. Decreasing plasma Aβ of 
42 amino acids/ Aβ of 40 amino acids (Aβ1-42/Aβ1-40) 
ratio (8-10) and increasing plasma total tau and p-tau 
(phosphorylated tau) levels correlate with abnormal Aβ 
and tau protein deposition in PET scans of MCI and 
AD patients (11) and differentiate diagnostic groups, 
including cognitively unimpaired (CU) vs early 
AD (12). Moreover, plasma Aβ42/Aβ40 and plasma 
phosphorylated-tau181 (p-tau181) significantly correlated 
with CSF Aβ42 and CSF p-tau181, respectively (13), and 
p-tau181 was associated with cognitive decline (14) and 
can distinguish cognitively impaired participants from 
cognitively normal participants (15).  

For the relationship between structural MRI brain and 
AD, evidence shows rapid loss of hippocampal volume 
in the early stage of AD. Subsequently, medial temporal 
and hippocampal atrophy occur with disease progression 
in AD (16). Furthermore, a previous study has shown an 
association between lower levels of plasma Aβ42 and a 
decrease in the volume of the hippocampus (17).  Apart 
from plasma Aβ and p-tau, neurofilament light protein 
(NFL), which indicates neurodegeneration, has shown 
an association with hippocampal atrophy in AD patients 
(18). A prior study found that combining hippocampal 
volume and serum NFL with plasma Aβ and p-tau could 
enhance the predictive value for progression to MCI and 
dementia (19).

Most previous studies compared the associations 
of each plasma biomarker separately with clinical or 
imaging outcomes, and some of them defined MCI or 
AD by using clinical characteristics without amyloid 
pathology confirmation (14, 20). The primary objective 
of this study was to assess the performance of combined 
plasma biomarkers, including plasma Aβ42/40 ratios, 
plasma p-tau181, and plasma NFL to identify older adults 
who are suitable candidates to receive AD therapeutics:  
early-stage AD patients (those with MCI or mild AD) with 
positive amyloid pathology. The secondary objective was 
to evaluate the ability of plasma biomarkers at baseline 
to predict which drug-candidate participants are at risk 
for progressive cognitive decline within 2 years. This 
is important because it can both identify older adults 
most likely to benefit from therapeutic intervention, and 
facilitate future AD clinical trials by informing participant 
selection. Since structural MRI is often available as part 
of a routine clinical workup, we further investigated 
whether structural MRI improved the ability to identify 
AD drug candidates. 

Methods

Subjects and study setting

This study included both cross-sectional and 
longitudinal analyses. Data used to prepare this 
article were obtained from the Alzheimer ’s Disease 
Neuroimaging Initiative (ADNI) database (https://adni.
loni.usc.edu/). The ADNI was launched in 2004 as a 
public-private partnership led by Principal Investigator 
Michael W. Weiner, MD. The primary goal of ADNI has 
been to test whether serial magnetic resonance imaging 
(MRI), positron emission tomography (PET), other 
biological markers, and clinical and neuropsychological 
assessment can be combined to measure the progression 
of mild MCI and early AD. Data in this study was derived 
from phases ADNI 1, ADNI GO, ADNI 2, and ADNI 
3. Participants were aged between 55-90 years. You 
can download the complete list of eligibility criteria, 
including both inclusion and exclusion criteria, from 
the following URL https://adni.loni.usc.edu/methods/
documents/.

Procedure

At baseline enrollment, all participants were 
evaluated by the clinicians of each study site. Their 
baseline characteristics including age,  gender, 
race,  and comorbidit ies  were col lected.  They 
completed assessments including ADAS-Cog, MoCA, 
Neuropsychological battery, Everyday Cognition Scale, 
and Activities of Daily Living. They were diagnosed 
as cognitively unimpaired, mild MCI, or mild AD by 
clinicians’ judgment. All participants included in this 
analysis underwent testing for plasma biomarkers, 
genetic analysis, structural MRI, Amyloid PET imaging, 
and CSF profiles. All participants would be monitored on 
their blood biomarkers and neuropsychological testing 
regularly for at least two years. 

Diagnostic Groups

Cognitively unimpaired

Participants were without any memory complaints 
common to their age range. The neuropsychological and 
functional tests revealed normal results. Cognitively 
normal, based on an absence of significant impairment in 
cognitive functions or activities of daily living. 

MCI

Participants who either self-reported memory 
complaints or had complaints reported by their study 
partners, had abnormal memory function based on 
scoring below the education-adjusted cutoff on the 
Logical Memory II subscale from the Wechsler Memory 
Scale-Revised. However, their cognition and functional 
performance were sufficiently preserved that they did 
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not meet the criteria for dementia due to Alzheimer’s 
Disease. The MCI participants were divided into amyloid-
positive and amyloid-negative MCI. The amyloid-positive 
MCI was defined by meeting the criteria for MCI with 
evidence of amyloid pathology (via amyloid-PET scan 
or CSF biomarkers), while the term «amyloid-negative 
MCI» refers to cases of MCI where no signs of amyloid 
pathology are observed.

Alzheimer’s disease (AD)

Participants who either self-reported memory 
complaints or had complaints reported by their study 
partners and had abnormal memory function based on 
scoring below the education-adjusted cutoff. Their clinical 
met the criteria for probable AD by NINCDS/ADRDA. 
The Clinical Dementia Rating global score was 0.5 or 1. 
The amyloid-positive AD was defined by meeting the 
criteria for AD with evidence of amyloid pathology (via 
amyloid-PET scan or CSF biomarkers), while the term 
«amyloid-negative AD» refers to cases of AD where no 
signs of amyloid pathology are observed.

Drug Candidate Determination 

Participants who are suitable candidates for receiving 
anti-amyloid monoclonal antibody AD therapeutics were 
defined as MCI or AD participants with positive evidence 
of amyloid pathology confirmed by amyloid-PET scan or 
CSF biomarkers. 

Non-drug Candidate Determination

Non-drug candidate participants included cognitively 
unimpaired participants and MCI or AD participants who 
did not have amyloid pathology evidence from amyloid-
PET scan or CSF biomarkers. 

Clinical progression

In drug candidate participants, we evaluated the 
association between baseline plasma biomarkers and 
clinical progression within the next two years. For the 
time-to-event analysis, we defined clinical progression in 
two ways. 

Defined by diagnostic conversion

Participants were considered to have progressed if 
they had an MCI diagnosis at baseline and at least one 
subsequent visit met the criteria for AD dementia. 

Defined by change in CDR-SB score (21)

Participants were considered to have progressed if (1) 
Participants fulfilled MCI criteria at baseline, and their 
Clinical Dementia Rating Scale-Sum of Boxes (CDR-
SB) score worsened by at least 1 point from their initial 
assessment in two consecutive visits, or (2) Participants 

fulfilled AD criteria at baseline and experienced a 
decline of 2 or more points in their CDR-SB score at two 
consecutive visits compared to their initial assessment. 
According to a prior study, a 1 to 2-point difference in 
CDR-SB indicates a clinically significant change in MCI 
and AD, respectively (21).

Evidence of amyloid pathology

Evidence of amyloid pathology in this study was 
defined using an amyloid-PET scan or CSF biofluids.  
First, we analyzed an amyloid-PET scan’s standardized 
uptake value ratio (SUVR) converted to the Centiloid 
scale (CL) to harmonize data using the formula CL 
=180.20 × ADNI FBP SUVR − 179.70 (22). The presence 
of amyloid pathology was defined as CL greater than 
or equal to 18.5 (22). In case of no PET scan results, CSF 
biomarkers were used to identify evidence of amyloid 
pathology. Evidence of amyloid pathology was defined 
by CSF Aβ42 < 980 pg/mL and ptau181/Aβ42 ratio > 
0.025 (23-25). 

Plasma Biomarkers 

Plasma Aβ40 and Aβ42 were measured by 
immunoprecipitation in the Bateman Laboratory and 
subsequently handled with Lys-N protease and liquid 
chromatography-tandem mass spectrometry (LC-MS/
MS) (26). The plasma p-tau181 and NFL were measured 
using the single-molecule array (SIMOA) technique from 
the Clinical Neurochemistry Lab at the University of 
Gothenburg, Sweden (27). 

Structural MRI

Structural MRI was performed using a Trio 3.0 
T scanner or Vision 1.5 T scanner (GE, Siemens, and 
Philips) to evaluate total hippocampal volume, data can 
be downloaded from ADNI database website (https://
adni.loni.usc.edu/).

Statistical analysis

Descriptive statistics describing the demographic and 
clinical characteristics of the cohort are presented in Table 
1.  Participants were classified as potential candidates for 
anti-amyloid therapy intervention on the basis of having 
MCI or AD with positive evidence of Amyloid pathology 
confirmed by amyloid-PET scan or CSF biomarkers. 
Two separate cutpoints were estimated for each of 
hippocampal volume, plasma Aβ42/40 ratio, plasma 
Ptau181, and plasma NFL): one cutpoint based on the 
ability to distinguish drug candidates from the remaining 
cohort, and one cutpoint for distinguishing high-risk drug 
candidates – those who experienced clinical diagnostic 
progression within two years of enrollment in the study 
– from those who did not undergo clinical progression 
within that two-year window. Optimal cutpoints were 
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estimated using robust nonparametric smoothing 
methods (28), and in-sample performance of the cut-
points was evaluated using univariate logistic regressions.

Time-to-progression was calculated for participants 
who underwent clinical progression defined by CDRSB 
progression and diagnostic change, and a multivariable 
Weibull accelerated failure time (AFT) model was fit 
to examine the association between the biomarkers of 
interest and time-to-progression. 

Results

Participants
There are 428 participants with plasma biomarker 

data: 167 were unimpaired (CU), 245 were diagnosed 
with MCI, and 16 had mild AD. The mean age of 
participants was 71.79 years old. The mean age of CU, 
MCI, and AD participants were 73.16, 70.53, and 76.67 
years old, respectively.  In the CU, MCI, and AD groups, 
58 (34.73%), 125 (51.02%), and 15 (93.75%) individuals, 
respectively, showed evidence of amyloid pathology. 
Baseline characteristics comparing drug candidate and 
non-drug candidate participants are shown in Table 1. 

Ability to distinguish groups

The performance of each plasma biomarker, combined 
plasma biomarkers, and hippocampal atrophy to 
differentiate drug candidates from non-drug candidate 
participants were shown in Table 2. Plasma p-tau181, 
plasma NFL, and hippocampal volume from structural 
MRI showed poor performance in detecting drug-
candidate participants (AUC 0.62-0.67), while plasma 
Aβ42/Aβ40 provided moderate performance (AUC 
0.73). A model containing all biomarkers exhibited poor 
predictive performance but a very high level of specificity.

Clinical Progression

Out of the 140 participants in the drug candidate 
group, 123 were evaluated at least twice using CDR-SB 
within a 2-year follow-up period. Sixty-four participants 
(52%) had cognitive worsening by CDR-SB criteria. CDR-
SB scores with IQR of the non-progressed and progressed 
participants at baseline were 1 (0.5, 2) and 1.75 (1, 2.5), 
respectively. In the progressor group, the median survival 
time was 388 days (IQR 214, 734 days). The baseline 

Table 1. Baseline characteristic
Characteristics Non-drug candidate (n = 288) Drug candidate (n = 140)    P-value
Age; mean (SD) 71 (7) 73 (7) 0.043
Male; n (%) 143 (50%) 79 (56%) 0.2
Education years; median (IQR) 16 (15, 18) 16 (14, 18) 0.2
Race; n (%) 0.8
- American Indian/ Alaskan 2 (0.7%) 0
- Asian 6 (2.1%) 2 (1.4%)
- Black 9 (3.1%) 3 (2.1%)
- White 265 (92%) 130 (93%)
- More than one 5 (1.7%) 5 (3.6%)
- Unknown 1 (0.3%) 0
Diagnosis <0.001
- Cognitively unimpaired 167 (58%) 0
- MCI 120 (41.6%) 125 (89%)
- Dementia 1 (0.3%) 15 (11%)
Number of APOE-e4 alleles; n(%) < 0.001
- 0 207 (72%) 49 (35%)
- 1 74 (26%) 66 (47%)
- 2 7 (2.4%) 25 (18%)
Plasma Aβ42/Aβ40; median (IQR) 0.124 (0.116, 0.132) 0.113 (0.107, 0.119) < 0.001
Plasma p-tau181; median (IQR) 13 (9, 18) 19 (14, 26) < 0.001
Plasma NFL; median (IQR) 30 (23, 39) 38 (28, 47) < 0.001
Hippocampal volume; median (IQR) 7521 (6921, 8062) 6792 (6153, 7614) < 0.001
Baseline MMSE; median (IQR) 29 (28, 30) 28 (26, 29) < 0.001
Baseline CDRSB; median (IQR) 0 (0,1) 1.5 (1, 2.5) < 0.001
MCI, mild cognitive impairment; CDR-SB, Clinical Dementia Rating Scale sum of box score; MMSE, Mini-Mental State Examination; IQR, interquartile range; P-values 
represent differences between diagnostic groups based on the Kruskal-Wallis rank sum test for continuous variables or the Chi-square test for categorical variables. 
P-values < 0.05 indicate significant differences. 
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characteristic and baseline plasma biomarkers compared 
between progressors and non-progressors by CDR-SB 
worsening criteria were presented in Appendix 1.     

   
Ability to predict future clinical progression

To detect progressors within the drug candidate 
participants, hippocampal atrophy from structural MRI 
showed better performance than plasma biomarkers to 
detect progressors defined from both clinical diagnosis 
changes and CDR-SB worsening with AUC 0.71 and 0.62, 
respectively (Tables 3 and 4). Among plasma biomarkers, 
plasma p-tau181 provided the best performance to detect 
disease progression defined by clinical diagnostic change 
(AUC 0.62) and CDRSB progression (AUC 0.6). Adding 
plasma p-tau181 to structural MRI slightly increased the 
performance (AUC 0.62 to 0.66) to predict progression 
within 2 years, defined by clinical diagnostic change. 
Moreover, hippocampal atrophy alone (sensitivity 89%) 
and combining plasma p-tau181 with hippocampal 
atrophy (sensitivity 93%) had high sensitivity to detect 
progressors by CDRSB worsening.

Time-to-progression

The results of the Weibull analysis are shown in Table 
5, with associations shown as both acceleration factors 
and hazard ratios. Plasma NFL and Aβ42/Aβ40 ratio 
were associated with greater risk of progression among 
drug candidates by CDRSB criteria; HR 1.02 (95%CI 
1-1.03) and 1.4 (95%CI 1.1-1.79). Baseline hippocampal 
volume and age were both associated with decreased risk 

of clinical progression; HR 0.97 (95%CI 0.94-0.99) and 0.93 
(95% CI 0.89-0.97). 

 
Discussion

The major findings were: 1) The plasma Aβ42/Aβ40 
ratio had the highest AUC (0.73) and highest sensitivity 
(0.79) among plasma biomarkers to distinguish drug 
candidate participants from non-candidates at baseline. 
2) Aβ42/Aβ40 ratio combined with plasma p-tau181, 
plasma NFL, and structural imaging together showed a 
very good specificity in distinguishing groups. 3) Plasma 
Aβ42/Aβ40 ratio, plasma pTau181, and plasma NFL 
had poor performances (AUC 0.5-0.62) in predicting 
clinical progression (both CDRSB progression and clinical 
diagnostic change). However, combined plasma p-tau181 
and baseline hippocampal atrophy had high sensitivity 
(93%) but low specificity (38%) in predicting cognitive 
deterioration by CDRSB score progression. 4) Increasing 
plasma NFL associated with risk of clinical progression in 
drug-candidate participants. Taken together, these results 
support the use of plasma biomarkers and structural 
MRI measures for helping to identifying and prioritizing 
older adults to receive anti-amyloid therapeutics in many 
clinical settings, such as geriatric clinics.  

Past studies have shown a strong relationship 
between plasma Aβ42/Aβ40 ratio and brain amyloidosis 
measured by PET imaging or CSF biomarkers (29, 30). 
Our results extend these findings by investigating the 
ability of plasma Aβ42/Aβ40 ratio to distinguish older 
adults who would or would not be suitable candidates 
to receive approved AD medications. For other plasma 

Table 2. Performance of biomarker cutpoints to detect drug candidates at baseline
Cut of point Sensitivity Specificity AUC (95%CI) PPV NPV Accuracy

Plasma Aβ42/Aβ40 < 0.12 0.79 0.66 0.73 (0.68-0.77) 0.53 0.88 0.7

Plasma p-tau181 > 16.5 0.63 0.72 0.67 (0.62-0.72) 0.52 0.8 0.69

Plasma NFL > 37.5 0.53 0.72 0.62 (0.57-0.67) 0.48 0.76 0.66

Hippocampal volume < 6868 0.54 0.77 0.65 (0.6-0.71) 0.53 0.78 0.69

Aβ42/40 ratios + p-tau181+PNFL (n =428) - 0.31 0.93 0.62 (0.58-0.66) 0.67 0.73 0.72

Aβ42/40 ratios + p-tau181 +PNFL+ hippocampal atrophy (n=383) - 0.26 0.98 0.62 (0.58-0.66) 0.86 0.73 0.75

Aβ42/40 ratios + p-tau181+ hippocampal atrophy (n=383) - 0.34 0.96 0.65 (0.61-0.69) 0.81 0.75 0.76

AUC: Area under the ROC curve; PPV: Positive Predictive Value; NPV: Negative Predictive Value

Table 3. Performance of biomarker cutpoints at baseline to detect disease progression of the drug candidate participants 
by clinical diagnosis change

Cut of point Sensitivity Specificity AUC (95%CI) PPV NPV Accuracy

Plasma Aβ42/Aβ40 < 0.1 0.09 0.91 0.5 (0.44-0.56) 0.27 0.73 0.69

Plasma p-tau181 > 27.1 0.36 0.88 0.62 (0.53-0.71) 0.52 0.79 0.74

Plasma NFL > 38 0.58 0.57 0.57 (0.47-0.67) 0.33 0.78 0.57

Hippocampal volume < 5980 0.47 0.95 0.71 (0.62-0.79) 0.79 0.81 0.81

Plasma p-tau181 +hippocampal atrophy Both vs none* (n= 76) - 0.31 1 0.66 (0.54-0.77) 1 0.85 0.86

Plasma p-tau181 +hippocampal atrophy Both vs other † (n=109) - 0.15 1 0.58 (0.51-0.64) 1 0.74 0.75

AUC: Area under the ROC curve; PPV: Positive Predictive Value; NPV: Negative Predictive Value; *Both vs none: distinguish between participants who had both high 
plasma p-tau181 and hippocampal atrophy vs participants who had normal plasma p-tau181 and hippocampal volume; † Both vs other: distinguish between participants 
who had both high plasma p-tau181 and hippocampal atrophy vs other participants (had normal plasma p-tau181 and hippocampal volume or had only one of each 
high plasma p-tau181 or hippocampal atrophy)
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biomarkers, the current study’s results showed that 
plasma p-tau181 and plasma NFL had fair performance 
in identifying amyloid-positive participants with 
cognitive impairments (AUC 0.67 and 0.62, respectively).  
These can be explained by the fact that NFL is not a 
specific biomarker of AD, but rather a biomarker of 
neurodegeneration.  For plasma p-tau181, our results 
are consistent with the Coomans, et al. who showed 
that plasma pTau181 had high accuracy in identifying 
Aβ pathology in the preclinical stage of dementia (AUC 
0.83; 95%CI 0.7-0.96); however, to differentiate cognitive 
disease staging, plasma pTau181 (AUC 0.74) had lower 
performance than Tau PET imaging at temporal region 
(AUC 0.92) (31).

The result of plasma Aβ42/Aβ40 performance from 
our study, which showed 79% sensitivity and 66% 
specificity to detect Aβ-positive cognitive impairment 
at baseline, supported that plasma Aβ42/Aβ40 testing 
in cognitively impaired patients may be a convenient 
and non-invasive screening test to select candidates to 
receive AD drugs. Moreover, combining plasma p-tau181 
and evidence of hippocampal atrophy from structural 
MRI with or without evidence of plasma NFL elevation, 
which showed very high specificity (98% and 96%), 
can increase confidence in choosing drug-candidate 
patients.  This may be an alternative way to identify 
patients in situations where PET scans are unavailable or 
patients have some contraindications to getting a lumbar 
puncture, such as coagulopathy. 

We next investigated the ability of baseline plasma 
biomarker levels to predict future progression of drug 
candidate participants. Predicting future progression 

is important for clinical decision-making to identify 
older adults who would most benefit from therapeutic 
intervention.  Identifying those likely to progress is also 
important for facilitating recruitment into prodromal AD 
clinical trials of new therapeutics. However, we found 
that plasma Aβ42/Aβ40 ratio, plasma p-tau181, and 
plasma NFL had poor performances (AUC 0.5-0.62) to 
predict clinical progression (Tables 3 and 4). On the other 
hand, hippocampal volume from structural imaging 
showed better performance over plasma biomarkers 
to predict clinical progression (AUC 0.62-0.71; Tables 
3 and 4). Additionally, combined plasma p-tau181 and 
hippocampal atrophy at baseline showed high sensitivity 
but low specificity to predict cognitive worsening by 
CDRSB score progression.

These results were different from the results of the 
previous study from the BioFINDER cohort study (32), 
which showed that Plasma p-tau181 provided the best 
AUC (AUC 0.84) predicted CU to AD progression with 
AUC=0.84, while the combination of plasma p-tau181, 
pTau217, and Aβ42/Aβ40 had a high AUC of 0.87 to 
predict MCI to AD progression.  The discrepancy in 
findings may be due to methodological differences. Our 
study of progression included only participants who 
were amyloid-positive and had cognitive impairment 
at baseline. In contrast, the previous study looked at a 
group of participants who had MCI or normal cognition, 
regardless of whether or not they had amyloid pathology. 
Secondly, the participants in the current study were only 
observed for 2 years after the baseline, while participants 
in the previous study were observed for 6 years. 
Therefore, it’s possible that the results of the current study 

Table 4. Performance of biomarker cutpoints at baseline to detect disease progression of the drug candidate participants 
by CDRSB progression

Cut of point Sensitivity Specificity AUC (95%CI) PPV NPV Accuracy
Plasma Aβ42/Aβ40 < 0.11 0.31 0.49 0.6 (0.52-0.68) 0.39 0.41 0.4
Plasma p-tau181 > 16.6 0.71 0.49 0.6 (0.52-0.68) 0.59 0.63 0.6
Plasma NFL > 52.4 0.24 0.91 0.58 (0.52-0.64) 0.74 0.54 0.58
Hippocampal volume < 7629 0.89 0.36 0.62 (0.55-0.7) 0.6 0.75 0.63
p-tau181 +hippocampal atrophy Both vs none * (n= 76) 0.93 0.38 0.66 (0.57-0.74) 0.63 0.83 0.67
p-tau181 +hippocampal atrophy Both vs other † (n=109) 0.64 0.59 0.62 (0.53-0.7) 0.63 0.6 0.62
AUC: Area under the ROC curve; PPV: Positive Predictive Value; NPV: Negative Predictive Value; *Both vs none: distinguish between participants who had both high 
plasma p-tau181 and hippocampal atrophy vs participants who had normal plasma p-tau181 and hippocampal volume; † Both vs other: distinguish between participants 
who had both high plasma p-tau181 and hippocampal atrophy vs other participants (had normal plasma p-tau181 and hippocampal volume or had only one of each 
high plasma p-tau181 or hippocampal atrophy)

Table 5. Association between plasma biomarkers, hippocampal atrophy, and cognitive impairment progression by 
CDRSB worsening criteria among drug candidate participants

AF 95%CI HR 95%CI P-value
Plasma Aβ42/Aβ40 (every 0.01 unit increasing) 0.85 0.75-0.95 1.4 1.1-1.79 0.007
Plasma NFL 0.99 0.98-0.99 1.02 1-1.03 0.04
Hippocampal volume (every 100 mm3 of increasing volume) 1.02 1.001-1.03 0.97 0.94-0.99 0.03
Intracerebral volume 0.99 0.99-1 1 0.99-1 0.67
Age 1.04 1.01-1.06 0.93 0.89-0.97 0.002
AF: Acceleration Factor; HR: Hazard ratio
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could have been different if the observation period was 
longer.

In addition, we found that plasma Aβ42/Aβ40 had 
an inconsistent association with clinical progression 
in the cognitively impaired participants with amyloid 
pathology. Higher plasma Aβ42/Aβ40 levels were 
associated with faster worsening of CDRSB score over 2 
years (Table 5), which we did not expect because there 
was strong evidence supporting that low plasma Aβ42 
and Aβ42/Aβ40 ratio significantly correlated with brain 
amyloid burden (10, 26, 29). However, the result of our 
study for cognitive progression defined by diagnostic 
conversion was insignificant (Appendix 2). Although 
our cognitive change/clinical progression outcome 
measures (diagnosis and CDR-SB) were chosen for their 
clinical meaningfulness, future studies should evaluate 
the ability of plasma biomarkers and MRI to predict 
future decline in additional cognitive measures such as 
neuropsychological tests, some of which may be more 
responsive to change over shorter time periods.

In terms of the application of our results in different 
clinical settings, some caveats are warranted. Our cross-
sectional results support the use of plasma biomarkers 
and structural MRI, which are less invasive and more 
easily accessible than PET scans, to help identify older 
adults for further screening who may be suitable 
candidates to receive anti-amyloid therapeutics.  Since 
we included both CU and impaired participants in our 
analyses, these results can be applied to settings where 
doctors encounter patients with and without cognitive 
impairment, as geriatric clinics and primary care. 
However, these results may not generalize to memory 
clinics, where one would be unlikely to encounter 
participants without cognitive impairment. On the other 
hand, our longitudinal results, which evaluated the 
ability of plasma biomarkers and hippocampal atrophy at 
baseline to predict which drug-candidate participants are 
at risk for progressive cognitive decline, could be applied 
in a memory clinic for prioritizing and identify which 
patients are most likely to receive benefit from therapeutic 
intervention.

However, this study had limitations. First, there are 
a number of selection biases and a lack of diversity 
in ethnicity in the ADNI sample, which limits the 
generalizability of the findings.  Second, the drug 
candidate participants in this study were mainly MCI 
participants; only 10.7% of them were mild AD. Thus, 
further studies for the drug candidate participants should 
enroll more AD participants. Third, renal function should 
be measured in further studies because it could alter 
plasma biomarker levels (33). 

In conclusion, plasma Aβ42/Aβ40 was an alternative 
test that provided acceptable sensitivity for screening 
MCI and dementia with positive amyloid pathology 
patients. Combining plasma p-tau181 and structural 
brain imaging or plasma NFL with plasma Aβ42/Aβ40 
provided very high specificity but low sensitivity in 

detection. In this study, hippocampal volume atrophy 
showed the best accuracy in predicting diagnosis 
conversion from MCI to dementia in the AD drug 
candidate participants.

Funding sources: Data collection and sharing for this project was funded by 
the Alzheimer’s DisData collection and sharing for the Alzheimer’s Disease 
Neuroimaging Initiative (ADNI) is funded by the National Institute on Aging 
(National Institutes of Health Grant U19 AG024904). The grantee organization is 
the Northern California Institute for Research and Education. In the past, ADNI 
has also received funding from the National Institute of Biomedical Imaging 
and Bioengineering,  the Canadian Institutes of Health Research, and private 
sector contributions through the Foundation for the National Institutes of Health 
(FNIH) including generous contributions from the following: AbbVie, Alzheimer’s 
Association; Alzheimer’s Drug Discovery Foundation; Araclon Biotech; BioClinica, 
Inc.; Biogen; Bristol-Myers Squibb Company; CereSpir, Inc.; Cogstate; Eisai Inc.; 
Elan Pharmaceuticals, Inc.; Eli Lilly and Company; EuroImmun; F. Hoffmann-La 
Roche Ltd and its affiliated company Genentech, Inc.; Fujirebio; GE Healthcare; 
IXICO Ltd.; Janssen Alzheimer Immunotherapy Research & Development, LLC.; 
Johnson & Johnson Pharmaceutical Research &Development LLC.; Lumosity; 
Lundbeck; Merck & Co., Inc.; Meso Scale Diagnostics, LLC.; NeuroRx Research; 
Neurotrack Technologies; Novartis Pharmaceuticals Corporation; Pfizer Inc.; 
Piramal Imaging; Servier; Takeda Pharmaceutical Company; and Transition 
Therapeutics..

Acknowledgments: Data used in preparation of this article were obtained from 
the Alzheimer’s Disease Neuroimaging Initiative (ADNI) database (adni.loni.
usc.edu). As such, the investigators within the ADNI contributed to the design 
and implementation of ADNI and/or provided data but did not participate in 
analysis or writing of this report. A complete listing of ADNI investigators can be 
found at: http://adni.loni.usc.edu/wp-content/uploads/how_to_apply/ADNI_
Acknowledgement_List.pdf

Conflicts of interest: MM – Dr. Manchumad Manjavong has no conflict of interest 
to declare. JK – Dr. Jae Myeong Kang has no conflict of interest to declare. AD – 
Adam Diaz has no conflict of interest to declare. MTA - Dr. Miriam T. Ashford 
receives funding to her institution from NIH. JE – Joseph Eichenbaum has no 
conflict of interest to declare. AA – Anna Aaronson has no conflict of interest to 
declare. MJM – Dr. Melanie J. Miller has no conflict of interest to declare. RSM – 
Dr. R. Scott Mackin has received research support from The National Institute of 
Mental Health, the National Institute of Aging, and Johnson and Johnson, during 
the past 2 years. RT – Dr. Rachana Tank has no conflict of interest to declare. 
MWW- Dr. Weiner reports grants from National Institutes of Health (NIH), grants 
from Department of Defense (DOD), grants from Patient-Centered Outcomes 
Research Institute (PCORI), grants from California Department of Public Health 
(CDPH), grants from University of Michigan, grants from Siemens, grants from 
Biogen, grants from Hillblom Foundation, grants from Alzheimer’s Association, 
grants from The State of California, grants from Johnson &amp; Johnson, grants 
from Kevin and Connie Shanahan, grants from GE, grants from VUmc, grants from 
Australian Catholic University (HBI- BHR), grants from The Stroke Foundation, 
grants from Veterans Administration, personal fees from Acumen Pharmaceutical, 
personal fees from Cerecin, personal fees from Dolby Family Ventures, personal 
fees from Eli Lilly, personal fees from Merck Sharp &amp; Dohme Corp., personal 
fees from National Institute on Aging (NIA), personal fees from Nestle/Nestec, 
personal fees from PCORI/PPRN, personal fees from Roche, personal fees from 
University of Southern California (USC), personal fees from NervGen, personal 
fees from Baird Equity Capital, personal fees from BioClinica, personal fees from 
Cytox, personal fees from Duke University, personal fees from Eisai, personal fees 
from FUJIFILM-Toyama Chemical (Japan), personal fees from Garfield Weston, 
personal fees from Genentech, personal fees from Guidepoint Global, personal fees 
from Indiana University, personal fees from Japanese Organization for Medical 
Device Development, Inc. (JOMDD), personal fees from Medscape, personal 
fees from Peerview Internal Medicine, personal fees from Roche, personal fees 
from T3D Therapeutics, personal fees from WebMD, personal fees from Vida 
Ventures, personal fees from The Buck Institute for Research on Aging, personal 
fees from China Association for Alzheimer’s Disease (CAAD), personal fees 
from Japan Society for Dementia Research, personal fees from Korean Dementia 
Society, outside the submitted work; and I hold stocks or options with Alzheon 
Inc., Alzeca, and Anven. RLN - Dr. Rachel L. Nosheny reports funding from the 
National Institutes of Health (grants to institution), California Department of 
Public Health (grants to institution), and Genentech Inc. (grants to institution).

Ethical standards: The ADNI protocols have been approved by all Institutional 
Review Boards of the participating institutions. The data used for these analyses 
were collected only from volunteers who provided written informed consent.

Open Access: This article is distributed under the terms of the Creative 
Commons Attribution 4.0 International License (http://creativecommons.org/
licenses/by/4.0/), which permits use, duplication, adaptation, distribution and 
reproduction in any medium or format, as long as you give appropriate credit 



1205

JPAD  -  Volume 11, Number 5, 2024

to the original author(s) and the source, provide a link to the Creative Commons 
license and indicate if changes were made.

References
1. Lane CA, Hardy J, Schott JM. Alzheimer’s disease. European Journal of 

Neurology. 2018;25(1):59-70. doi: https://doi.org/10.1111/ene.13439.
2. Prince M, Albanese E, Guerchet M, Prina M. World Alzheimer Report 2014: 

Dementia and Risk Reduction. An Analysis of Protective and Modifiable 
Factors2014.

3. Delva F, Auriacombe S, Letenneur L, Foubert-Samier A, Bredin A, Clementy A, 
et al. Natural history of functional decline in Alzheimer’s disease: a systematic 
review. J Alzheimers Dis. 2014;40(1):57-67. doi: 10.3233/JAD-131862.

4. Sims JR, Zimmer JA, Evans CD, Lu M, Ardayfio P, Sparks J, et al. 
Donanemab in Early Symptomatic Alzheimer Disease: The TRAILBLAZER-
ALZ 2 Randomized Clinical Trial. JAMA. 2023;330(6):512-27. doi: 10.1001/
jama.2023.13239.

5. Dunn B, Stein P, Cavazzoni P. Approval of Aducanumab for Alzheimer 
Disease—The FDA’s Perspective. JAMA Internal Medicine. 2021;181(10):1276-
8. doi: 10.1001/jamainternmed.2021.4607.

6. Harris E. Alzheimer Drug Lecanemab Gains Traditional FDA Approval. 
JAMA. 2023;330(6):495-. doi: 10.1001/jama.2023.12548.

7. van Dyck CH, Swanson CJ, Aisen P, Bateman RJ, Chen C, Gee M, et al. 
Lecanemab in Early Alzheimer’s Disease. N Engl J Med. 2023;388(1):9-21. doi: 
10.1056/NEJMoa2212948.

8. de Rojas I, Romero J, Rodriguez-Gomez O, Pesini P, Sanabria A, Perez-
Cordon A, et al. Correlations between plasma and PET beta-amyloid levels 
in individuals with subjective cognitive decline: the Fundacio ACE Healthy 
Brain Initiative (FACEHBI). Alzheimers Res Ther. 2018;10(1):119. doi: 10.1186/
s13195-018-0444-1.

9. Doecke JD, Pérez-Grijalba V, Fandos N, Fowler C, Villemagne VL, Masters 
CL, et al. Total Aβ<sub>42</sub>/Aβ<sub>40</sub> ratio in plasma 
predicts amyloid-PET status, independent of clinical AD diagnosis. Neurology. 
2020;94(15):e1580-e91. doi: 10.1212/wnl.0000000000009240.

10. Janelidze S, Stomrud E, Palmqvist S, Zetterberg H, van Westen D, Jeromin A, 
et al. Plasma beta-amyloid in Alzheimer’s disease and vascular disease. Sci 
Rep. 2016;6:26801. doi: 10.1038/srep26801.

11. Ossenkoppele R, Reimand J, Smith R, Leuzy A, Strandberg O, Palmqvist 
S, et al. Tau PET correlates with different Alzheimer ’s disease-related 
features compared to CSF and plasma p-tau biomarkers. EMBO Mol Med. 
2021;13(8):e14398. doi: 10.15252/emmm.202114398.

12. Xiong X, He H, Ye Q, Qian S, Zhou S, Feng F, et al. Alzheimer’s disease 
diagnostic accuracy by fluid and neuroimaging ATN framework. CNS 
Neuroscience & Therapeutics.n/a(n/a). doi: https://doi.org/10.1111/
cns.14357.

13. Altomare D, Stampacchia S, Ribaldi F, Tomczyk S, Chevalier C, Poulain G, et 
al. Plasma biomarkers for Alzheimer’s disease: a field-test in a memory clinic. J 
Neurol Neurosurg Psychiatry. 2023;94(6):420-7. doi: 10.1136/jnnp-2022-330619.

14. Simren J, Leuzy A, Karikari TK, Hye A, Benedet AL, Lantero-Rodriguez J, 
et al. The diagnostic and prognostic capabilities of plasma biomarkers in 
Alzheimer’s disease. Alzheimers Dement. 2021;17(7):1145-56. doi: 10.1002/
alz.12283.

15. Zabala-Findlay A, Penny LK, Lofthouse RA, Porter AJ, Palliyil S, Harrington 
CR, et al. Utility of Blood-Based Tau Biomarkers for Mild Cognitive 
Impairment and Alzheimer’s Disease: Systematic Review and Meta-Analysis. 
Cells. 2023;12(8). doi: 10.3390/cells12081184.

16. Rao YL, Ganaraja B, Murlimanju BV, Joy T, Krishnamurthy A, Agrawal A. 
Hippocampus and its involvement in Alzheimer’s disease: a review. 3 Biotech. 
2022;12(2):55. doi: 10.1007/s13205-022-03123-4.

17. Hilal S, Wolters FJ, Verbeek MM, Vanderstichele H, Ikram MK, Stoops E, et al. 
Plasma amyloid-β levels, cerebral atrophy and risk of dementia: a population-
based study. Alzheimer’s Research & Therapy. 2018;10(1):63. doi: 10.1186/
s13195-018-0395-6.

18. Chong JR, Hilal S, Ashton NJ, Karikari TK, Reilhac A, Vrooman H, et al. Brain 
atrophy and white matter hyperintensities are independently associated with 
plasma neurofilament light chain in an Asian cohort of cognitively impaired 
patients with concomitant cerebral small vessel disease. Alzheimers Dement 
(Amst). 2023;15(1):e12396. doi: 10.1002/dad2.12396.

19. Ebenau JL, Pelkmans W, Verberk IMW, Verfaillie SCJ, van den Bosch 
KA, van Leeuwenstijn M, et al. Association of CSF, Plasma, and Imaging 
Markers of Neurodegeneration With Clinical Progression in People With 
Subjective Cognitive Decline. Neurology. 2022;98(13):e1315-e26. doi: 10.1212/
WNL.0000000000200035.

20. Tsai CL, Liang CS, Lee JT, Su MW, Lin CC, Chu HT, et al. Associations between 
Plasma Biomarkers and Cognition in Patients with Alzheimer’s Disease and 
Amnestic Mild Cognitive Impairment: A Cross-Sectional and Longitudinal 
Study. J Clin Med. 2019;8(11). doi: 10.3390/jcm8111893.

21. Andrews JS, Desai U, Kirson NY, Zichlin ML, Ball DE, Matthews BR. Disease 
severity and minimal clinically important differences in clinical outcome 
assessments for Alzheimer’s disease clinical trials. Alzheimers Dement (N Y). 
2019;5:354-63. doi: 10.1016/j.trci.2019.06.005.

22. Farrell ME, Jiang S, Schultz AP, Properzi MJ, Price JC, Becker JA, et al. Defining 
the Lowest Threshold for Amyloid-PET to Predict Future Cognitive Decline 
and Amyloid Accumulation. Neurology. 2021;96(4):e619-e31. doi: 10.1212/
WNL.0000000000011214.

23. Contador J, Perez-Millan A, Tort-Merino A, Balasa M, Falgas N, Olives J, et al. 
Longitudinal brain atrophy and CSF biomarkers in early-onset Alzheimer’s 
disease. Neuroimage Clin. 2021;32:102804. doi: 10.1016/j.nicl.2021.102804.

24. Libiger O, Shaw LM, Watson MH, Nairn AC, Umaña KL, Biarnes MC, et al. 
Longitudinal CSF proteomics identifies NPTX2 as a prognostic biomarker 
of Alzheimer’s disease. Alzheimer’s & Dementia. 2021;17(12):1976-87. doi: 
https://doi.org/10.1002/alz.12353.

25. Zicha S, Bateman RJ, Shaw LM, Zetterberg H, Bannon AW, Horton WA, et al. 
Comparative analytical performance of multiple plasma Abeta42 and Abeta40 
assays and their ability to predict positron emission tomography amyloid 
positivity. Alzheimers Dement. 2022. doi: 10.1002/alz.12697.

26. Ovod V, Ramsey KN, Mawuenyega KG, Bollinger JG, Hicks T, Schneider T, et 
al. Amyloid beta concentrations and stable isotope labeling kinetics of human 
plasma specific to central nervous system amyloidosis. Alzheimers Dement. 
2017;13(8):841-9. doi: 10.1016/j.jalz.2017.06.2266.

27. Karikari TK, Pascoal TA, Ashton NJ, Janelidze S, Benedet AL, Rodriguez JL, 
et al. Blood phosphorylated tau 181 as a biomarker for Alzheimer’s disease: a 
diagnostic performance and prediction modelling study using data from four 
prospective cohorts. Lancet Neurol. 2020;19(5):422-33. doi: 10.1016/S1474-
4422(20)30071-5.

28. Thiele C, Hirschfeld G. cutpointr: Improved Estimation and Validation of 
Optimal Cutpoints in R. Journal of Statistical Software. 2021;98(11):1 - 27. doi: 
10.18637/jss.v098.i11.

29. Schindler SE, Bollinger JG, Ovod V, Mawuenyega KG, Li Y, Gordon BA, 
et al. High-precision plasma beta-amyloid 42/40 predicts current and 
future brain amyloidosis. Neurology. 2019;93(17):e1647-e59. doi: 10.1212/
WNL.0000000000008081.

30. Perez-Grijalba V, Romero J, Pesini P, Sarasa L, Monleon I, San-Jose I, et al. 
Plasma Abeta42/40 Ratio Detects Early Stages of Alzheimer’s Disease and 
Correlates with CSF and Neuroimaging Biomarkers in the AB255 Study. J Prev 
Alzheimers Dis. 2019;6(1):34-41. doi: 10.14283/jpad.2018.41.

31. Coomans EM, Verberk IMW, Ossenkoppele R, Verfaillie SCJ, Visser D, Gouda 
M, et al. A Head-to-Head Comparison Between Plasma pTau181 and Tau PET 
Along the Alzheimer’s Disease Continuum. Journal of Nuclear Medicine. 
2023;64(3):437-43. doi: 10.2967/jnumed.122.264279.

32. Palmqvist S, Stomrud E, Cullen N, Janelidze S, Manuilova E, Jethwa A, et al. 
An accurate fully automated panel of plasma biomarkers for Alzheimer’s 
disease. Alzheimer’s & Dementia. 2023;19(4):1204-15. doi: https://doi.
org/10.1002/alz.12751.

33. Zhang B, Zhang C, Wang Y, Chen L, Qiao Y, Wang Y, et al. Effect of 
renal function on the diagnostic performance of plasma biomarkers for 
Alzheimer’s disease. Front Aging Neurosci. 2023;15:1150510. doi: 10.3389/
fnagi.2023.1150510.

© The Authors 2024

How to cite this article: M. Manjavong, J.M. Kang, A. Diaz, et al. Performance 
of Plasma Biomarkers Combined with Structural MRI to Identify Candidate 
Participants for Alzheimer’s Disease-Modifying Therapy. J Prev Alz Dis 
2024;5(11):1198-1205; http://dx.doi.org/10.14283/jpad.2024.110




