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Algorithms for computer-aided diagnosis of dementia based on structural MRI have demonstrated high perfor-
mance in the literature, but are difficult to compare as different data sets and methodology were used for evalu-
ation. In addition, it is unclear how the algorithmswould perform on previously unseen data, and thus, how they
wouldperform in clinical practicewhen there is no real opportunity to adapt the algorithm to the data at hand. To
address these comparability, generalizability and clinical applicability issues, we organized a grand challenge that
aimed to objectively compare algorithms based on a clinically representativemulti-center data set. Using clinical
practice as the starting point, the goalwas to reproduce the clinical diagnosis. Therefore,we evaluated algorithms
formulti-class classification of three diagnostic groups: patientswith probable Alzheimer's disease, patientswith
mild cognitive impairment and healthy controls. The diagnosis based on clinical criteria was used as reference
standard, as it was the best available reference despite its known limitations. For evaluation, a previously unseen
test set was used consisting of 354 T1-weighted MRI scans with the diagnoses blinded. Fifteen research teams
participated with a total of 29 algorithms. The algorithms were trained on a small training set (n = 30) and op-
tionally on data from other sources (e.g., the Alzheimer's Disease Neuroimaging Initiative, the Australian Imaging
Biomarkers and Lifestyleflagship study of aging). The best performing algorithmyielded an accuracy of 63.0% and
an area under the receiver-operating-characteristic curve (AUC) of 78.8%. In general, the best performanceswere
achieved using feature extraction based on voxel-basedmorphometry or a combination of features that included
volume, cortical thickness, shape and intensity. The challenge is open for new submissions via the web-based
framework: http://caddementia.grand-challenge.org.

© 2015 Elsevier Inc. All rights reserved.

Introduction

In 2010, the number of people over 60 years of age living with de-
mentia was estimated at 35.6 million worldwide. This number is ex-
pected to almost double every twenty years (Prince et al., 2013).
Accordingly, the cost of care for patients with Alzheimer's disease
(AD) and other dementias is expected to increase dramatically, making
AD one of the costliest chronic diseases to society (Alzheimer's
Association, 2014). Early and accurate diagnosis has great potential to
reduce the costs related to care and living arrangements as it gives
patients access to supportive therapies that can help them
maintain their independence for longer and delay institutionalization
(Paquerault, 2012; Prince et al., 2011). In addition, early diagnosis sup-
ports new research into understanding the disease process and devel-
oping new treatments (Paquerault, 2012; Prince et al., 2011).

While early and accurate diagnosis of dementia is challenging, it can
be aided by assessment of quantitative biomarkers. The five most com-
monly investigated biomarkerswere recently included in the reviseddi-
agnostic criteria for AD (McKhann et al., 2011; Jack et al., 2011) and in
the revised diagnostic criteria for mild cognitive impairment (MCI)
due to AD (Albert et al., 2011). These five biomarkers can be divided
into two categories: 1) measures of brain amyloid, which include cere-
brospinal fluid (CSF) measures of Aβ42 and amyloid positron emission
tomography (PET) imaging, and 2)measures of neuronal injury and de-
generation, which include CSF tau measurement, fluoro deoxyglucose
(FDG) PET and structural MRI (Jack et al., 2012). Of these biomarkers,
structural MRI is very important as it is widely available and non-
invasive. Also, it is a good indicator of progression to AD in an individual
subject, because it becomes abnormal in close temporal proximity to the
onset of the cognitive impairment (Jack et al., 2010, 2013).

Structural MRI data can be used to train computer-aided diagnosis
methods. Thesemethodsmake use of machine-learning and other mul-
tivariate data-analysis techniques that train a model (classifier) to cate-
gorize groups (e.g., patients and controls). Computer-aided diagnosis
techniques use features derived from neuroimaging or related data,
and may therefore benefit from the large amounts of neuroimaging
data that have become available over the last years. The techniques
may improve diagnosis as they can potentiallymake use of group differ-
ences that are not noted during qualitative visual inspection of brain im-
aging data, potentially leading towards an earlier and more objective
diagnosis than when using clinical criteria (Klöppel et al., 2012). In ad-
dition, computer-aided diagnosis algorithms can be used to 1) improve
diagnosis in hospitals with limited neurological and neuroradiological
expertise, 2) increase the speed of diagnosis, and 3) aid the recruitment

of specific, homogeneous patient populations for clinical trials in phar-
macological research (Klöppel et al., 2012).

Structural-MRI-based computer-aided diagnosis methods for de-
mentia, mainly for AD and MCI, have previously shown promising re-
sults in the literature. A few years ago, Cuingnet et al. (2011)
compared the performance of various feature extraction methods
(e.g., voxel-based features, cortical thickness, hippocampal shape and
volume) for dementia classification using a support vector machine
(SVM) based on structural MRI. Using data from 509 subjects from the
Alzheimer's Disease Neuroimaging Initiative (ADNI) cohort, three clas-
sification experiments were performed: 1) AD versus healthy controls
(CN), 2) patients with MCI versus CN, and 3) MCI who had converted
to AD within 18 months (MCI converters, MCIc) versus MCI who had
not converted to AD within 18 months (MCI non-converters, MCInc).
For the AD/CN classification, the best results were obtained with
whole-brain methods (voxel-based and cortical thickness) achieving
81% sensitivity and 95% specificity for the best method. The perfor-
mances of the MCI/CN classifications were much lower than those of
AD/CN, and the MCIc/MCInc classifications yielded no performances
better than chance. A recent review paper by Falahati et al. (2014)
discussed the literature on AD classification andMCI prediction. The re-
search field of computer-aided diagnosis of dementia based on structur-
al MRI is rather extensive, as evidenced by this paper reviewing 50
papers with at least 50 subjects per diagnostic group. The reviewed pa-
pers mainly trained a classification model on the AD/CN groups and
subsequently tested this model on both AD/CN and MCIc/MCInc classi-
fications. The paper concluded that classification methods are difficult
to compare, because the outcome is influenced by many factors, such
as feature extraction, feature selection, robustness of the validation ap-
proach, image quality, number of training subjects, demographics, and
clinical diagnosis criteria. In general, the accuracy obtained for AD/CN
classification was 80–90%, and the accuracy for prediction of MCI con-
version is somewhat lower. To promote comparison of algorithms,
Sabuncu and Konukoglu (2015) published results based on six
large publicly available data sets for AD and other diseases
(e.g., schizophrenia, autism). A comparison was performed using four
feature extraction strategies, including volumetric and cortical thick-
ness features computed with FreeSurfer (Fischl, 2012), and three
types of machine learning techniques (SVM, neighborhood approxima-
tion forest (Konukoglu et al., 2013), and relevance voxel machine
(Sabuncu and Van Leemput, 2012)). Using the ADNI database, the accu-
racies ranged from80–87% for AD/CN classification and 58–66% forMCI/
CN classification. The authors made all processed data and computa-
tional tools available to promote extension of their benchmark results.
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