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Abstract

Limited knowledge on dementia biomarkers in Latin American and Caribbean (LAC) countries
remains a serious barrier. Here, we reported a survey to explore the ongoing work, needs, interests,
potential barriers, and opportunities for future studies related to biomarkers. The results show that
neuroimaging is the most used biomarker (73%), followed by genetic studies (40%), peripheral
fluids biomarkers (31%) and cerebrospinal fluid biomarkers (29%). Regarding barriers in LAC,
lack of funding appears to undermine the implementation of biomarkers in clinical or research
settings, followed by insufficient infrastructure and training. The survey revealed that despite

the above barriers, the region holds a great potential to advance dementia biomarkers research.
Considering the unique contributions that LAC could make to this growing field, we highlight the
urgent need to expand biomarker research. These insights allowed us to propose an action plan
that addresses the recommendations towards a biomarker framework recently proposed by regional
experts.

1. Introduction

Dementia in Latin American and Caribbean (LAC) countries is a major public health
challenge [1-4]. The prevalence of dementia in LAC countries among individuals of 65+
years of age is higher than in Europe and the United States, ranging from 7.1% to 11.5%,
and is expected to triple by 2050 [5-7]. It has been estimated that currently, over 58% of

all people living with dementia in Lower-Middle Income Countries (LMIC) and that will
increase to 68% in 2030 [8, 9]. Importantly, most of the LAC countries are classified in

the “upper-middle income group” (UMIC). Here, we report on the results from an online
survey completed by dementia specialists from 2 HIC (Chile and Uruguay) and 8 UMIC
(Argentina, Brazil, Colombia, Costa Rica, Dominican Republic, Ecuador, Mexico and Peru)
[10].
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1.1 Dementia diagnosis harmonization in LAC: challenges

The diagnosis of dementia has evolved from a purely clinical process to become a more
complex exercise that integrates neuropsychological and biomarker evidence [11, 12]. The
former requires culturally adapted and validated instruments that are sensitive and specific
to a wide range of age-related diseases that cause cognitive impairment. It also relies

on clinically experienced examiners who are up to date in current challenges. The latter
includes central (i.e., imaging) and peripheral methodologies, both heavily reliant on highly
specialized personnel, expensive technologies and sophisticated analytical tools [13, 14].

1.2 Biomarkers in dementia

Biomarkers are indicators that objectively measure and evaluate normal or pathological
biological processes [15]. Currently validated biomarkers in AD are amyloid-g42 (AB42),
total tau (t-tau) and phosphorylated tau (p-tau) proteins, which are measured in cerebrospinal
fluid (CSF) [16-20]. In addition, neuroimaging studies are also considered biomarkers
validated for AD diagnosis, including magnetic resonance imaging (MRI), positron emission
tomography (PET) with F18-fluorodeoxyglucose (FDG) and PET with the use of tracers

for AP and tau in vivo [21-28]. Validated central biomarkers have been grouped into

three categories: A/T/N, where A refers to Ap markers (PET AR or Ap42 in CSF); T

to tau markers (p-tau in CSF or tau PET) and N to neurodegeneration markers (FDG-

PET, MRI or total tau in CSF) [11, 29]. To date, CSF and neuroimaging biomarkers

have proved of great utility. However, they are not easily accessible to patients. For this
reason, multiple investigations have focused on the identification of biomarkers in peripheral
fluids where it is possible to detect early pathological changes that occur in the brain

during the development of dementia [30] thus proving promising for intervention strategies.
Importantly, peripheral biomarkers have the potential to be accessible to people living far
from capital cities where the infrastructure to perform central biomarker assessments is
normally located. This entails a significant reduction of costs thus enhancing equity in
dementia diagnosis. Peripheral biomarkers can be different molecules such as proteins,
peptides, nucleic acids, microRNAs (miRNAS), lipids and metabolites which can be
detected in plasma, serum, exosomes or cellular components [31-33]. The investigation and
development of peripheral biomarkers, specifically blood-based biomarkers for dementia,
are in early stages. Ongoing efforts are focusing on their clinical evaluation and validation to
explore opportunities for their future integration into clinical practice [34]. Since heritability
rates for dementia range from 40% to 80%, other biomarkers commonly evaluated are
genetic [35]. Some genes involved in dementia are: amyloid precursor protein (APP) [36],
presenilin-1 (PSENI) [37], presenilin-2 (PSEN2) [38], chromosome 9 open reading frame
72 (CYorf72) [39], granulin precursor (GRN) [40], and microtubule-associated protein tau
(MAPT) genes [41], among other. In addition, some specific pathway genes have also been
associated with increased risk, such as APOE €4 [42].

1.3 Biomarkers in LAC: the status quo

The biomarkers suggested by recent consensus [11, 29] are both scarce and scattered in
LAC [43, 44]. Regarding PET scans, economic and political factors were identified as
barriers to advances in PET imaging in LAC. Among others, the lack of infrastructure
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was highlighted (e.qg., neighboring cyclotron) [45]. Since these earlier reports, we have
witnessed the emergence of multiple PET facilities in LAC (Instituto Neurologico Fleni

in Buenos Aires, Argentina; University of S8o Paulo-USP and PUC-RS in Porto Alegre,
Brazil; Centro Uruguayo de Imagenologia Molecular CUDIM in Montevideo, Uruguay;
and Instituto Nacional de Neurologia y Neurocirugia (INNN) in Mexico City, Mexico)
[46-52]. Regarding CSF, sample collection is the main barrier identified in LAC. The
invasiveness of this procedure poses significant limitations to its wide use and acceptance
[43]. Nevertheless, a few examples are worth highlighting. Argentina and Brazil have
conducted studies using CSF biomarkers. They have reported differences between controls,
cognitively impaired patients, AD, and other types of dementia [46, 53-57]. In Colombia,
CSF biomarkers were evaluated in young (40-50 years old) carriers of PSENI mutation
and non-carriers, where clear differences in Ap1.42 were identified between the two groups,
which correlates with the clinical progression of this familial variant of AD [58].

The above-mentioned examples are drawn from a limited set of labs and countries. Such
labs are confined to centers specialized in dementia, such as memory clinics, where there is
more experience in the diagnosis of dementia [59]. Additionally, LAC’s native populations
are characterized by a combination of demographic, ethnic, genetic, and socio-cultural
factors that enable the investigation of biomarkers profiles linked to dementia risk difficult
to identify in other parts of the world. Given the ancestry and genetic admixture that
characterize LAC [1, 2] such studies are of a great importance.

1.4 Emerging biomarkers in LAC: opportunities

Since dementia has been declared a global challenge, the regional and international
community must come together to devise and implement regional and global strategies.
There are now a few recent examples from LAC that support the impact of joint efforts.
The Latin America and the Caribbean Consortium on Dementia (LAC-CD) and The Multi-
Partner Consortium to Expand Dementia Research in Latin America (ReDLat) are two
prominent initiatives that have highlighted the need to harmonize practice across LAC and
have proposed a new knowledge-to-action plan that includes a Biomarker Framework [3,
44, 60, 61]. Briefly, LAC-CD, at the time this survey study was run, involved 172 members
from Central and South American countries with an interest and different levels of expertise
in dementia research and clinical practice [61]. They have been working collaboratively
from 2015 to identify opportunities, formulate an integrated agenda, promote collaborative
research and training, harmonize clinical practices, and raise awareness in dementia at all
levels (http://lac-cd.org/en/about-us/). ReDLat, a research project involving 13 sites across
Latin America and the US, aims to expand open regional research by combining genomic,
social determinants of health, neuroimaging, and cognition in over 4,000 individuals to
improve the characterization of Alzheimer’s disease and frontotemporal lobar degeneration
(same ref as above). Recently, the Latin American Brain Health Institute (BrainLat) has
been established as a result of a partnership between the University Adolfo Ibafiez of Chile
and the Global Brain Health Institute (GBHI), which is an initiative of the University of
California San Francisco (UCSF) and Trinity College Dublin (TCD) (https://brainlat.uai.cl/).
In Mexico, the National Dementia BioBank (BND) has been implemented [62]. The
readiness of LAC to embark on such plans has been acknowledged [43], placing the region
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in a unique position to move towards more ambitious targets such as a harmonized and
global biomarker framework [3, 63].

An emergent area that holds significant potential for LAC is that of peripheral biomarkers
[64-66], involving different molecules such as proteins (including plasma Ap42/AB40,
plasma p-Tau and plasma neurofilament, which cover the amyloid/tau/neurodegeneration
(ATN) framework for AD diagnostics in CSF, but also other proteins, e.g., inflammation
markers), peptides, nucleic acids, miRNAs [66], lipids and metabolites [65]. The advantage
of peripheral biomarkers over CSF is the easy, less invasive, and inexpensive sample
collection (plasma, serum, urine, among others) [67]. Because biomarkers in peripheral
fluids minimize risk and discomfort for patients, thus expanding their applicability in an
aging population, large-scale peripheral fluid-based tests can become the primary tool and
the first step in a dementia diagnostic process. They can become screening tools that can
inform who should then undergo more expensive and invasive assessments, such as CSF
biomarkers or neuroimaging [68]. A peripheral fluid-based test could also be useful for
monitoring therapeutic outcomes, especially if repeated measurements are required over a
short period of time as they may be more accessible in low-resource and non-specialized
settings [69, 70]. In the future, these early detection biomarkers in peripheral fluids would
also be useful in the development of clinical trials of new drugs, allowing a more accurate
selection of individuals who meet the necessary criteria to participate in such trials [34,
70-72].

Aware of the above challenges and opportunities, we decided to further investigate regional
realities in LAC. We focused on central biomarkers such as CSF as well as neuroimaging,
peripheral fluids, and genetics biomarkers. This study was not only aimed at providing an
updated picture of the biomarker realities in LAC but also to assess the level of interest
and readiness the region holds to embark on biomarker research. We envisaged that this
knowledge would help expand opportunities in the region to make biomarkers research
more inclusive and representative, leveling the playfield, and in so doing enabling global
biomarker agendas.

Methods

2.1. Survey generation, distribution, and data capture

The survey was developed by a group of professionals with extensive experience in the
areas of biomarkers, dementia, neurology, psychiatry, and neuropsychology from LAC
countries. Five meetings, involving multidisciplinary experts in the mentioned areas, were
held to create the survey including the co-authors: MAP, CDA, AD, AS, FH, PO, and

V/C. The survey gathered the largest amount of information regarding the status of central,
peripheral biomarkers, and genetic studies for dementia in LAC countries considered to
date. It requested information regarding accrued experience, barriers, and level of readiness
of centers and labs in the region. Our main goal was to identify shared concerns and
opportunities present in the region which can allow us to align our agenda both regionally
and with international initiatives.
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The survey was distributed among the 172 members of LAC-CD (http://lac-cd.org/en/
members/) via email. It was created as a Google Form and distributed in Spanish,
Portuguese and English. The survey body comprised 90 different questions grouped by
biomarker type (See also Supplementary Material Appendix 1) and it took approximately
20 minutes to complete. It was first sent on August 15, 2020, followed by two reminders
(September 17t 2020 and March 7t 2021) with a total period of availability of eight
months.

The survey started with a brief introduction of its objective and a brief presentation of the
group leading this initiative. It requested general information such as country, profession,
and workplace. The questions in the survey were linked to the following biomarker
classes: Central biomarkers which included CSF and neuroimaging modalities; peripheral
biomarkers which included fluids such as plasma, serum, whole blood, saliva, urine,
deposition, ocular biomarkers, and others; and genetic studies which presented a list of
different genes related to dementia and their subtypes. A set of questions were asked for
each biomarker class including current use, purpose, barriers, funding, motivation to work
with biomarkers and access to the population for research purposes. Questions were in
the form of multiple-choice or open-ended (see Supplementary Material Appendix 1). This
study was approved by the Ethics Committee of the Universidad Adolfo Ibafiez, Chile.

2.3. Data analysis

The data were exported as a Microsoft Excel file and answers in the three different
languages were organized into one document. The multiple-choice questions were scored
and then converted to percentages. The open-ended questions were qualitatively analyzed
and grouped in relation to predefined criteria: access to study samples, published papers
related to biomarkers in LAC, barriers, other types of funding, interest, and motivation
(or lack of them) to work with specific biomarkers, among others. Empty, inconsistent,
or incomplete data were discarded (n = 2). The figures were created by using GraphPad®
Prism® 8.

3. Results

3.1

Responses

The survey was answered by 48 participants (28% of LAC-CD members) from 10

countries in total (Figure 1). The countries with the highest participation were Brazil

(27%), Peru (21%), and Chile (17%). Of the 48 participants, 27 were male and 21

females. Their professional specialties were general practitioners (n=3), neurologists (n=26),
psychiatrists (n=8), neurologist-psychiatrist (n=1), geriatricians (n=3), gastroenterologist
(n=1), physician-neuropsychologist (n=1), neuropsychologists (n=2) and researchers (n=3).
They reported to be associated to 37 public institutions, 9 private institutions and 2 public-
private institutions, indicating that the majority of the participants (81%) worked in public
institutions.
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3.2 Biomarkers used, purposes and funding

In this section, we summarized the answers of the respondents related to biomarkers use and
interest, purpose, and funding.

3.2.1 Biomarkers use and interest: We divided the 48 respondents in those who are
currently using biomarkers and those who are not using them, but are interested/uninterested
in their future use. Neuroimaging is the biomarker that is currently most widely used, as
reported by 35 respondents (73%), with 12 of the remaining respondents (25%) reporting
they would be interested in using them and only 1 respondent (2%) reporting no interest

in using this biomarker. On the other hand, CSF biomarkers are the least currently used

with only 14 respondents reporting their use (29%). However, 22 respondents (46%) are
interested in using them if available. There were 12 (25%) respondents who are uninterested
in using this type of biomarker. Despite their novelty, peripheral fluid biomarkers are being
used by 15 respondents (31%), and 26 (54%) reported an interest in their future use. Only 7
respondents (15%) are not interested in this type of biomarker. Finally, genetic biomarkers
attracted similar number of responses regarding use (19, 40%) and interest (20, 41%), with 9
respondents (19%) reporting no interest in their use (Figure 2A).

3.2.2 Biomarker purposes: In the field of neuroimaging, from the 35 participants
currently performing studies, half of them reported using these biomarkers for both clinical
and research purposes (17 respondents, 49%), whereas their use in either clinical practice or
research practice shared a similar trend, 8 (23%) and 10 respondents (29%), respectively).
From the 12 respondents interested in future use of neuroimaging, 11 (92%) would like to
perform neuroimaging for clinical and research purposes whereas only 1 respondent (8%)
would like to use it only for research. In terms of CSF biomarkers, of the 14 respondents
currently using them, 7 (50%) use them for research, 5 (36%) for clinical and research, and
2 respondents (14%) for only clinical purposes. Of the 22 participants interested in using
CSF biomarkers in the future, 15 of them would like to use them for clinical and research
purposes (67%) and 7 (33%) only for research. Regarding peripheral biomarkers, of the

15 respondents currently using them, 14 respondents are using them for research (93%)
whereas only 1 respondent (7%) is using them for research and clinical purposes. Of the

26 respondents who are interested in using them in the future, 16 respondents would use
them for research and clinical purposes (62%) and 10 only for research (38%). Finally, for
genetics studies, of the 19 respondents interested in performing them, 13 respondents would
use them for research (68%) whereas 6 (32%) would use them for clinical and research
purposes. The participants who are not currently using biomarkers, 20 respondents, reported
the purposes for which they would like to use them in the future: 15 respondents indicated
interest in using them for research and clinical purposes (75%), 4 respondents for research
only (20%), and 1 for clinical practice (5%) (Figure 2B).

3.2.3 Funding for Biomarkers: Regarding funding opportunities to support the use

of biomarkers, the respondents, using or interested, reported the funding type for each

one of these biomarkers (neuroimaging, CSF, peripheral and genetic studies). The sum of
answers of the respondents that currently work with biomarkers stated that most of their
funding opportunities came from public grants (51%) followed by no funding (18%), private
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funds (13%), a mix between public and private funds (13%), and “other type of funding
resources” (5%). However, this trend changes for the respondents that are interested in using
biomarkers as a high number of respondents state a lack of funding opportunities (64%),
followed by public grants (16%), “other type of funds” (9%), a mix of public and private
funds (6%), and private funds (5%) (Figure 2C).

3.3 Biomarker specific characterization in LAC

In this section, we summarized the answers of the respondents related to the specific
subtypes of biomarkers they are using or interested in using (Figure 3).

3.3.1 Neuroimaging: For neuroimaging biomarkers, 95 responses were recorded
considering seven options of a multiple choice question. The modality of neurocimaging
most commonly used corresponds to MRI (33 answers, 35%), followed by FDG-PET

(16 answers, 17%), DTI (13 answers, 14%), amyloid PET (11 answers, 12%), fMRI

(13 answers, 14%) and tau PET (4 answers, 4%) (Figure 3A). Concerning other types

of neuroimaging methods, 5 (5%) use techniques such as SPECT, 18 F-fluoro-L-DOPA
positron emission tomography (PET-DOPA), and brain tomography. The neuroimaging
equipment most used is 1.5 and 3.0 Tesla with a clinical objective of patient evaluation

and longitudinal follow-up. In addition, the most used MRI techniques for structural analysis
in research are cortical thickness and Voxel-Based Morphometry (VBM), whereas the most
used for functional analysis is the Resting-State fMRI. Of the 44 respondents not using
neuroimaging biomarkers but interested in their future use, 9 (20%) expressed an interested
in MRI, 9 (20%) in Tau PET, 8 (18%) in fMRI, 8 (18%) in FDG-PET, 8 (18%) shared a
similar interest in these specimens but amyloid PET, 1 (2%) in DTI, and 1 (2%) in other not
listed in the survey (Figure 3A).

3.3.2 CSF biomarkers: For CSF biomarkers, a total of 43 responses were gathered
reflecting their use by 13 (30%) for Ap, 13 (30%) for t-Tau, 13 (30%) for p-Tau

and only 4 (10%) search for other types of CSF biomarkers such as neurofilaments,
neurotransmitters, inflammatory markers, and hormones. Interested respondents (n=61),
indicated their motivation for AB (19, 31%), t-Tau (20, 33%), p-Tau (18, 29%) and other
(4, 7%) such as neurofilaments, microRNAS, neurogranin and prion protein detection
(Figure 3B). In addition, the most used technique to analyze biomarkers in CSF is Enzyme-
Linked Immunosorbent Assay (ELISA) and the techniques that would be chosen for CSF
biomarkers analysis are Single Molecule Array (SIMOA) and ELISA.

3.3.3 Peripheral Biomarkers: Regarding the main peripheral fluids, we obtained 34
responses, which showed a high tendency towards the study of blood samples and their
components (83%) distributed as: 14 (41%) plasma, 7 (21%) serum, 7 (21%) whole blood.
Other fluids used with less frequency correspond to 3 (9%) saliva, 1 (3%) deposition, 1 (3%)
ocular biomarker, and other 1 (3%) like platelets. The number of interested respondents

was similar to that using them, with 30 responses distributed as: 8 (27%) plasma, 6 (20%)
serum, 5 (17%) whole blood, 5 (17%) saliva, 3 (10%) urine, 2 (7%) ocular biomarkers and

1 (3%) deposition (Figure 3C). Concerning the type of peripheral biomarkers in current

use, we found a wide variety: neurodegeneration markers (A, tau, P-tau, neurofilaments),
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inflammatory markers (i.e., cytokines, lactoferrin, lipoxin, annexin), hormones (cortisol,
metabolomics), hemostatic markers, and miRNAs. Furthermore, regarding the percentage of
the peripheral biomarkers they would be interested in using, most respondents mentioned
neurodegeneration markers such as 35% A, 35% t-Tau, 10% p-Tau, 8% neurofilaments,
2% TDP-43, and 2% neurogranin. Interestingly, 6% of responders stated they would be
interested in using “all biomarkers that | could work with”. The currently used techniques to
study peripheral biomarkers are ELISA, Cytometric Bead Array (CBA), Multiplex Luminex
and SIMOA, and the techniques respondents prefer to use are ELISA and SIMOA.

3.3.4 Genetic studies: From the multiple choice question 82 responses were obtained,
reporting that the main genes assessed in genetic studies are: 16 (20%) ApokE, 9 (11%)
MAPT, 9 (11%) PSENI, 8 (10%) PSENZ, 8 (10%) APP, 7 (9%) C9orf72, 7 (9%) PGRN, 5
(6%) TREM?Z, 6 (1%) TARDBF, 3 (4%) perform GWAS analysis and 4 (5%) studied other
genes such as PRNP, vitamin D receptor polymorphism, exome, Huntington and Parkinson
populations. Additionally, regarding the genes that respondents are interested in using for
genetic studies, the following trend can be observed from 96 answers: 18 (19%) ApoE,

14 (15%) PSEN1, 13 (14%) PSENZ, 12 (13%) APP, 9 (9%) MAPT, 8 (8%) CYorf72,

8 (8%) PGRN, 6 (6%) TARDBR 4 (4%) TREM_Z, and 4 (4%) GWAS (Figure 3D). The
principal techniques to perform genetic studies currently used and of interest are real-time
polymerase chain reaction (PCR), used to detect specific polymorphisms or mutations,
Sanger Sequencing, and Next Generation Sequencing (NGS).

3.4 Experience to date

One of the main questions regarding the use of biomarkers was related to the number of
years that clinicians and researchers from the different LAC countries have been using the
different types of biomarkers. Brazil was the country with the most years per respondent
working in neuroimaging, followed by Ecuador, Uruguay, Peru, and Chile. We found the
same pattern for CSF biomarkers, whereby Brazil, followed by Peru, shows prominent
results with more years of experience than other countries. In peripheral biomarkers, which
is the newest field of study, Brazil leads the results of years of experience in these techniques
followed by Chile. Finally, in genetics studies, Colombia was at the top followed by Brazil
with prominent years of experience and close to Chile (Figure 4).

3.5. Access to unique populations in LAC

Regarding neuroimaging, Argentinian reported having access to populations with familial
AD and Down’s syndrome, whereas Brazilian respondents reported having access to
different populations with diagnoses of cognitive impairment and dementia, specifically
Caucasian, black, and admixed populations. Chilean respondents reported having access to
dementia and Parkinson’s Disease (PD) population, and Colombian respondents indicated
access to populations with genetic AD, FTD, PD, Huntington’s disease, and vascular
hereditary dementia CADASIL (Cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy) type. Costa Rican respondents reported having access to
mixed populations, Dominican respondents reported having access to the general population,
and Ecuadorian respondents reported having access to cognitive impairment, dementia, and
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ethnic populations. Finally, Peruvian respondents indicated access to the general population,
illiterate adults and to ethnic groups such as the Quechua and Aymara.

Regarding the possibility of performing neuroimaging studies with such populations in
LAC, 60.5% of the respondents confirmed that this option is available whereas 39.5%
responded that this is not available for them. Regarding CSF biomarkers in LAC, in
Argentina, respondents reported having access to samples of Down’s syndrome. Brazil
indicated access to samples from different ethnic groups like Caucasian, black, and admixed
samples. Colombia reported access to CSF samples in families with autosomal dominant
AD, FTD, and vascular hereditary dementia CADASIL Type, whereas Ecuador has access to
samples of the indigenous population.

Regarding the possibility of performing CSF studies in such populations, 57.4% of the
respondents confirmed they would be able to access them for research purposes. Regarding
biofluids, Brazil has access to peripheral samples from different ethnic groups such as
caucasian, black, and admixed individuals. In Chile, there is access to samples of elderly
members of the GERO cohort [73]. In Colombia, there is access to samples of families with
autosomal dominant AD and vascular hereditary dementia CADASIL Type. With respect
to the possibility of performing peripheral fluid biomarkers studies in different populations
in the future, 71.7% of the respondents of the survey answered that they would be able to
access them while 28.3% would not.

Regarding genetic studies, Argentina indicated that the genetic samples obtained come from
family forms of different dementia populations, including Down syndrome. In Brazil access
to samples from Afro-Brazilian and Asian-Brazilian people is available. In Chile, a regional
cohort study of aged individuals (GERO) is currently collecting samples [73]. Colombia
has the widest access via their genetic clusters including AD, FTD, PD, Huntington disease
and vascular hereditary dementia CADASIL-Type. Peru will now start collecting genetic
samples from patients with mild cognitive impairment (MCI) and mild AD in Quechua

and Aymara populations. In relation to the possible access to genetic samples to perform
future studies, 59% of respondents of the survey could have access to genetic samples

from different populations in their country. In contrast, 41% of the respondents indicate that
obtaining samples from a diverse population is not possible.

3.6. Barriers to the use of Biomarker

3.6.1 Barriers to perform biomarkers studies in LAC—The identified barriers
from this survey were: funding, infrastructure and knowledge (as technical personnel and
human resources). The main barrier to the use of the analyzed biomarkers is the lack

of funding to perform clinical and research studies, whereas the second leading barrier
identified was the infrastructure. Of the total of responses from respondents currently using
or interested in using neuroimaging, CSF, peripheral fluid and genetic studies, around 73%
of the former and 60% of the latter group reported that funding is a main barrier. The second
more prominent barrier was knowledge, reporting 16% of the answers of the respondents
currently using these biomarkers and 19% of the answers of the respondents interested. With
regard to the infrastructure as a barrier, 11% of the answers corresponded to respondents
using these biomarkers and 21% of to those interested (Figure 5A).
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3.6.2. Attitudes towards dementia biomarkers in LAC—Finally, in the survey we
asked the respondents the reasons why they are not working with biomarkers, or why they
are not interested in using them. Respondents not working (45%) or uninterested (39%)

in using neuroimaging, CSF, peripheral fluid and genetic biomarkers reported that lack of
funding was the main barrier. The second barrier was the infrastructure, reported by 31%
of the respondents currently not using biomarkers and 28% of those uninterested. With
regard to knowledge as a barrier, 14% of the answers corresponded to the participants not
using these biomarkers and 17% to those uninterested. Among the options in the survey
regarding possible reasons for not being interested in performing biomarker studies, only 4
respondents reported they consider these are “not necessary” or “ unreliable”.

Publications of Latin American respondents

The respondents of the survey reported published papers about biomarkers studies developed
in LAC populations from Argentina, Brazil, Chile, Colombia, Mexico, Peru, and Uruguay.
Brazil reported 72 publications, most of them related to neuroimaging and peripheral fluids,
followed by Colombia reporting 29 publications related to genetics studies published in high
impact factor journals. On the other hand, Peru and Uruguay reported only one publication
each (Table 1).

4. Discussion and Conclusion

Limited knowledge and implementation barriers for dementia biomarkers in LAC countries
remain serious challenges. The main motivation of this survey was to collect updated
information to provide a representative and inclusive overview of the reality and
implications of the use of the different types of biomarkers in LAC.

4.1 Biomarkers use and interest

Neuroimaging is the most widely used biomarker by the respondents of our survey.
Neuroimaging biomarkers that hold well-known clinical value, such as MRI and FDG-PET,
are the most frequently used whereas the others (DTI, PET, fMRI, SPECT) are used though
to a smaller extent and are more scattered among LAC countries. It is worth noting that
genetic biomarkers were the second class most frequently used after neuroimaging. A reason
for this may be linked to the presence of genetic clusters of mutations linked to dementia
subtypes which have been and continue to be identified in the region [74].

It is also important to emphasize that respondents have identified peripheral biomarkers as
the class that they are most interested to use in the future, followed by CSF and genetic
studies. This coincides with the increasing use of CSF and peripheral biomarkers in various
centers in LAC.

4.2 Biomarker purposes

Relative to other biomarkers classes, Neuroimaging seems to be the method most widely
used in clinical practice. Even respondents who do not use it are interested and see this

as a useful tool supporting clinical and research settings. This result may be explained by
the growing body of evidence supporting the use of neuroimaging biomarkers throughout
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the dementia continuum (MCI [75]) and care pathway including diagnosis [76], progression
[77], and predicting treatment response [78].

Neither peripheral nor genetic biomarkers are currently reported as being used for clinical
purposes. A barrier to the clinical implementation of peripheral biomarkers might be the
lack of adequate centers and standardized protocols for sample processing. The application
of a peripheral biomarker in clinical practice requires significant research and validation [79]
as well as a continuous evaluation process.

4.3 Barriers to Biomarker use in LAC

Barriers to the implementation of biomarkers have been previously described [3, 80].
Importantly, the respondents of our survey provided crucial information related to the

main barriers that they have been or they would be presented with to perform studies

with biomarkers in LAC (Figure 6A). The main challenges and barriers reported in this
study were funding, technical personnel, and infrastructure. However, those barriers were
not equally distributed across LAC, with some countries such as Brazil or Argentina, with
strong research on biomarkers while others, including Costa Rica or Uruguay, have little

to no research in the clinical use of biomarkers. In this context, the most accessible and
cost-effective biomarkers, such as fluid biomarkers, represent a good opportunity to enhance
diagnosis and dementia research in the region.

4.4 Funding for Biomarkers

Our study has identified that funding represents one of the main challenges in the
implementation and use of biomarkers. Funding is limited and mainly granted by public
agencies. It should be noted that even most of the respondents working in private centers
have mainly public funding to carry out their research. Interestingly, biomarkers, which are
being used mainly for research purposes (CSF, peripheral and genetic), are those attracting
most funding in LAC (Figures 2B and 2C). It is worth noting that these are mainly located in
advanced centers where the expertise is hosted. This indicates a centralization of knowledge
and technological resources within each country and across the region. Nevertheless, it
indicates a promising landscape for international collaborations and funding which would
allow LAC to continue developing hubs for biomarker research, validation, and training.

Respondents with an interest in biomarkers who are currently not incorporating them in
their practice have reported the lack of funding as one of their limitations. It will be worth
exploring where these barriers lie as overcoming them would provide opportunities to set
up facilities and increase the number of qualified professionals across the region. Improving
grant proposals via strong regional and international collaborations would be a key strategy
to fill these gaps. This survey provides key evidence that can inform such joint efforts.
Furthermore, support is also needed to enhance capacity building strategies via training
programs offered by countries with strong infrastructure (i.e., Biomarker Hubs).

4.5 Experience

As previously discussed by Parra et al. [2], experience in the use of biomarkers is
concentrated in a few LAC countries. Such experiences often map onto the population these
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countries have access to. For instance, Colombia reported experience in genetic biomarkers
and access to large genetic clusters of families carrying rare single-gene mutations for
various types of dementia (Table 1). On the other hand, countries such as Brazil, Argentina,
Ecuador, Uruguay, Peru, and Chile have a long-standing experience in the use of biomarkers
with heterogeneous populations (Table 1). We envisage that these countries can become
hubs for biomarker research and training in LAC which could lead to partnerships across
countries for data exchange and cooperative research.

4.6 Infrastructure

In our study, several respondents reported the lack of state-of-the-art laboratories to perform
biofluid or genetic biomarkers analysis as a limitation, which is seemingly linked to

the limited funding opportunities of the region. This pattern seems to be shared across
respondents who are currently using and not using biomarkers. Moreover, it was reported
that multiple research groups currently working on biomarkers have the need to outsource
the genetic analysis of their samples to foreign laboratories which may increase the cost of
the use of biomarkers in research and clinical settings.

On another point, state of the art neuroimaging equipment is available in highly specialized
health institutions, most of them localized in capital cities, limiting the access to the general
population. Less specialized health institutions which can be found in peripheral centers are
regularly equipped with low to middle-resolution scanners.

4.7 Strengths and limitations of this study

4.8 Whyis

LAC-CD is the most extensive regional network focused on neurodegenerative diseases.
Although we tried to be as inclusive as possible by involving its entire membership, this
attempt certainly yielded a biased sample. Nevertheless, this caveat seems to characterize
different works led by a consortium and is one widely seen in the relevant literature. A
significant number of members from LAC-CD are currently undertaking or have previously
undertaken biomarkers research, and many of them work as both clinicians and researchers.
Given the diversity, expertise, and representativeness of LAC-CD members that contributed
to this survey, we feel confident to uphold the validity of the results here reported.

Another important limitation is that it was not possible to compare public and private
centers. Only 11 respondents out of the total 48 (23%) are working in private centers.

This small proportion did not allow to perform further analysis to unveil differences across
sectors. For instance, only 2 respondents linked to private centers are currently working with
CSF biomarkers instead of 14 respondents belonging to public centers.

it important to review the status quo in LAC?

In the past few years, significant efforts have led to the creation of several Latin-American
networks aimed at promoting clinical and research activities on dementia [60]. One of

the main challenges has been to harmonize procedures, ensuring that evidence-based
protocols are available to LAC countries [2, 3]. To tackle the local challenges regarding
dementia research, multinational networks aimed at identifying the unique genetic, social,
and economic factors driving the presentation of FTD and AD have been set up [61].
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Regarding biomarkers, LAC research has focused on developing multicentric studies that
integrate several biomarkers to provide a better classification of neurodegenerative diseases,
evaluating the multi-dimensional data using artificial intelligence (Al) approaches such

as machine learning [81]. The LAC-CD Biomarker Framework aims to support the use,
development and validation of affordable biomarkers in the region with a special emphasis
on peripheral biomarkers. Considering the role that some countries in the region are
playing in the validation of the A/T/N biomarker framework, development of new drugs
for the secondary prevention of Alzheimer’s disease together with the distinctiveness of
risk and protective factors for dementia found in the region, we feel compelled to further
encourage the implementation of the LAC-CD Biomarker Framework. This study provides
the knowledge base that will inform the implementation of such a Framework and ensuing
initiatives.

4.9 Biomarker Opportunities in LAC

The impact of genetic ancestry and admixture on dementia prevalence and phenotypes in
LAC has been widely acknowledged. LAC countries are highly diverse, so investigating
these factors will provide unique insights to better understand the interplay of

social determinants of health, demographic variables, biomarkers of neurodegenerative
pathologies, and risk of dementia. Regarding genetic features of LAC populations, we have
highlighted the opportunities that such populations host for the advancement of biomarker
research and drug development programs positioning LAC as a key example (Neuroscience
Group of Antioquia, Instituto Neurolégico FLENI, RedLat, PISA at University of Sao
Paulo).

One key barrier extensively acknowledged in scientific literature is the lack of publications
of LAC studies in high impact journals. However, this trend is rapidly changing with
emerging networking initiatives [2, 3, 60]. As the results from our survey, we have identified
countries currently making significant contributions to knowledge building (Table 1) are
those where biomarker expertise and resources are mostly gathered. We have suggested

that these realities can change if such centers act as hubs to support capacity building and
collaboration in the region and beyond. This situation also poses a great opportunity to form
partnerships and create the space needed for knowledge exchange and capacity building in
the LAC region.

5. Final Remarks

LAC hosts unprecedented opportunities to advance biomarker development and validation
globally. Our survey suggests that the region holds positive attitudes to embark on such
developments. Respondents of this survey who are not currently using biomarkers reported
their eagerness to incorporate “all biomarkers that they could work with”. Previous reports
have characterized regional realities and provided action plans to tackle them. Here, we
specifically aim to contribute to the biomarkers framework proposed by the LAC-CD’s
Knowledge to Action Plan which includes: i) Validation and implementation of harmonized
protocols such as the A/T/N framework in LAC hubs. This survey provided evidence of
centers that act as such hubs, ii) Strengthening partnership with the Alzheimer’s Association
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and the National Institute of Health/National Institute on Aging (NIH/NIA) to improve
regional grant proposals, expand funding opportunities and increase collaborative work
among LAC-CD members. This survey has contributed evidence on funding barriers and
eagerness of respondents to engage in collaborative work. We have initiated discussions
with leaders of the Neuroimaging and Biofluid Based Biomarkers Professional Interest
Areas of ISTAART to set up Regional Biomarker Networks and Collaborative Groups,

iii) Introduction of complementary affordable biomarkers based on new assessments
depending on the infrastructure available in each LAC country included in this study. The
survey contributed evidence on laboratories where Biofluid Based Biomarkers could be
swiftly introduced or enhanced. We will invite these center and groups to join the LAC
Biomarker Network to expand funding opportunities, iv) To improve understanding of the
interplay of the genetic mechanisms, clinical phenotypes, and severity of neurodegenerative
diseases. The survey provided valuable information that complements previous efforts
from LAC-CD [3] and together they pave the way for future work on the above factors.
There are ongoing initiatives that will contribute and further benefit from such work
(RedLat, NIH-RO1 consortia grants of biomarkers/epigenetics/linguistic, and LAC funding
of new peripheral biomarkers), v) To promote efforts via capacity building, implementation
science and translational research to support regional dementia plans, enhance the regional
health systems’ infrastructure related to brain health, and facilitate future agreements with
governments to increase the budget for dementia prevention, care and research. We are
confident that new collaborative initiatives currently considering the LAC region will soon
materialize.
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Research in context
Systematic review:

An online survey was created to identify the current use and accessibility of biomarkers
for the diagnosis of dementias in Latin American Countries (LAC). This survey was
answered by 48 participants from 10 LAC countries.

Interpretation:

The results provide information about a prominent potential in LAC to perform research
on dementia biomarkers, as respondents of the survey showed high interest. The main
barriers identified to use biomarkers correspond to funding, infrastructure, and lack of
personnel training.

Future directions:

A main action plan was suggested that addresses the recommendations towards a
biomarker framework recently proposed by LAC regional experts.
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Figure 1. Distribution of survey responses from the 48 participants by country.
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Figure 2. Biomarkers used, purposes and funding.
(A) Using, interested and uninterested respondents by type of biomarker. (B) Purpose of the
use of biomarkers in LAC. (C) Funding sources for biomarker studies in LAC.
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Figure 3. Biomarker characterization in LAC.

(A) Neuroimaging. (B) CSF biomarkers. (C) Peripheral fluids. (D) Genetic biomarkers.
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Figure 4. Years of experience in the use of biomarkers of respondents by country and per

biomarkers.
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Figure 5. Barriers to perform biomarkers studies in LAC.
(A) Barriers to perform biomarkers studies. (B) Possible barriers to perform biomarkers

studies for uninterested respondents.
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Table 1.
Publications of Latin American respondents.

g:Neuroimaging, P:CSF, O:Peripheral Fluid, 3:Genetic, [:Neuroimaging and CSF, [ :Neuroimaging and
Peripheral fluid, L :Neuroimaging and Genetic, | :Neuroimaging, CSF and Genetic, ©:Neuroimaging,
Peripheral fluid and Genetic and {:Peripheral Fluid and Genetic, b: CSF and Genetics, A: Neuroimaging, CSF
and Peripheral Fluids, £: Neuroimaging, CSF, Peripheral Fluids and Genetics.

Country Biomarker _Mean B of
impact | papers
factor

Argentina 9(1) P(2)3(3) = (3) v (1) = (3) 4.805 13
Brazil 9(26) P(7) v (22) 3(8) v (2) v (1) » (5) P(1) | 3.749 72
Chile 9(2) “(3)3(1) = (1) 3.996 7
Colombia 3(11) © (11) - (1) = (1) AQ) £@) 14.962 28
Mexico @) 303) ° (2) 92 3575 11
Peru 3(1) 4347 1

Uruguay 9 (1) 3.552 1

Note: g:Neuroimaging, P:CSF, @ :Peripheral Fluid, z:Genetic, © :Neuroimaging and CSF, © :Neuroimaging and Peripheral fluid,
o :Neuroimaging and Genetic, = :Neuroimaging, CSF and Genetic, - :Neuroimaging, Peripheral fluid and Genetic, - :Peripheral Fluid and
Genetic, P: CSF and Genetics, A: Neuroimaging, CSF and Peripheral Fluids, 4 : Neuroimaging, CSF, Peripheral Fluids and Genetics.
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