This is the peer reviewed version of the following article: Cumplido, I. [et al.]. Brain structural alterations in cognitively unimpaired individuals with discordant amyloid-f PET and CSF Af342
status: findings using machine learning. "Alzheimer's & dementia", 1 Febrer 2022, vol. 17, num. S4, article 053588, p. 1-2. , which has been published in final form at
https://alz-journals.onlinelibrary.wiley.com/doi/10.1002/alz.053588. This article may be used for non-commercial purposes in accordance with Wiley Terms and Conditions for Use of Self-
Archived Versions. This article may not be enhanced, enriched or otherwise transformed into a derivative work, without express permission from Wiley or by statutory rights under
applicable legislation. Copyright notices must not be removed, obscured or modified. The article must be linked to Wiley’s version of record on Wiley Online Library and any embedding,
framing or otherwise making available the article or pages thereof by third parties from platforms, services and websites other than Wiley Online Library must be prohibited.

Brain structural alterations in cognitively unimpaired
individuals with discordant amyloid-8 PET and CSF AB42 status:

findings using Machine Learning
Irene Cumplido-Mayorall?, Mahnaz Shekaril?3, Gemma Salvadd3, Grégory
Opertol34, Raffaele Cacciaglial34, Carles Falconl35 Aida Nifierola-Baizan>-¢,
Andrés Perissinotti>-6, Carolina Minguillén34, Karine Faurial#, Maryline Simon?,
Gwendlyn Kollmorgen?, José Luis Molinuevol"234, Henrik Zetterberg?10.11.12 Kaj
Blennow?10, Marc Suarez-Calvet!3413, Verdnica Vilaplana#14, and Juan Domingo
Gispert#135
ALFA study, ADNI study
* Current affiliation: H. Lundbeck A/S

#These two authors contributed equally

1) Barcelonafeta Brain Research Center (BBRC), Pasqual Maragall Foundation,
Barcelona, Spain

2) Universitat Pompeu Fabra, Barcelona, Spain

3) IMIM (Hospital del Mar Medical Research Institute), Barcelona, Spain

4) CIBER Fragilidad y Envejecimiento Saludable (CIBERFES), Madrid, Spain

5) Centro de Investigacion Biomédica en Red de Bioingenieria, Biomateriales y
Nanomedicina (CIBER-BBN), Madrid, Spain

6) Nuclear Medicine Department, Hospital Clinic Barcelona, Barcelona, Spain

7) Roche Diagnostics International Ltd, Rotkreuz, Switzerland

8) Roche Diagnostics GmbH, Penzberg, Germany

9) Institute of Neuroscience and Physiology, University of Gothenburg, Moélndal,
Sweden

10) Clinical Neurochemistry Laboratory, Sahlgrenska University Hospital,
Molndal, Sweden

11) Department of Neurodegenerative Disease, UCL Queen Square Institute of
Neurology, London, United Kingdom

12) UK Dementia Research Institute at UCL, London, United Kingdom

13) Servei de Neurologia, Hospital del Mar, Barcelona, Spain



14) Department of Signal Theory and Communications, Universitat Politecnica

de Catalunya, Barcelona, Spain

Introduction:

CSF AB42 is thought to show AD-related alterations earlier than amyloid-3 PET.
Therefore, cognitively unimpaired (CU) individuals with abnormal CSF A42 and
normal amyloid-f PET are believed to be in the earliest stages of the AD
continuum. In this work, we sought to detect structural cerebral alterations in CU
individuals with discordant status in these amyloid-f3 biomarkers using Machine
Learning techniques.

Methods:

We included 498 CU individuals from the ALFA+ and ADNI studies with available
MRI, amyloid- PET and CSF A4z measurements, the latter measured with the
exploratory Roche NeuroToolKit assays, a panel of automated robust prototype
immunoassays. In addition, we calculated Centiloid (CL) values for the PET
measurements. Individuals were categorized as CSF-/PET-, CSF+/PET- and
CSF+/PET+ according to established cut-offs (CSF AB42<1098pg/mL for ALFA+
and <880pg/mL for ADNI, and CL<17 for PET). We trained XGBoost classifiers to
predict amyloid-f positivity using as features age, sex, APOE-€4 status, brain
volumes and cortical thicknesses, obtained with Freesurfer 6.0 and the Desikan-
Kiliany atlas. Relevant features for pairwise-group classification were sought
(CSF-/PET- vs CSF+/PET-; CSF+/PET- vs CSF+/PET+; CSF-/PET- vs CSF+/PET+),
calculating SHAP values to determine the most important features for prediction.

Results:



With respect the CSF-/PET- group, the CSF+/PET- showed decreased gray matter
volumes in the anterior and posterior cingulate/precuneus and increases in the
lateral ventricles and bilateral parahippocampal gyri, among other regions
(Figure 1A). Unexpectedly, the posterior cingulate/precuneus showed the
opposite effect in cortical thickness measurements. These patterns were similar
but more prominent in the comparison between the CSF-/PET- vs CSF+/PET+
group (Figure 1B). Finally, CSF+/PET- group was characterized, with respect the
CSF+/PET+ group by higher volume of the bilateral supramarginal gyri and lower
cortical thickness in the posterior cingulate/precuneus (Figure 1C). Regarding the
other variables in the model, APOE-g4 status was the most predictive variable in
models with respect the CSF-/PET- group and age in the CSF+/PET- vs CSF+/PET+

comparison.

Conclusion:

Our results show that model-free machine learning techniques can detect complex
brain morphological alterations in the earliest stages of the AD continuum.
Interestingly, some regions showed increases in volume and/or cortical thickness

which may reflect compensatory or inflammatory effects.
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