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Alzheimer’s disease (AD) currently represents the most common form of dementia in elderly people, and with the
increase in life expectancy the number of patients suffering from AD is expected to increase in the next years to
reach 152 million by 2050 [1]. The pathogenesis of AD mainly relies on the presence of two main types of lesions
in the brain: amyloid plaques (or senile plaques) and neurofibrillary tangles. However, the mechanisms leading
to these disorders and their chronological apparition are still poorly understood and solved. These two lesions
concomitantly appear in association with mitochondrial and vascular dysfunction, neuroinflammation, oxidative
stress that eventually leads to neurodegeneration, firstly appearing in cholinergic regions [2]. To treat the symptoms
of AD, current drugs on the market are mainly AChEIs, and also include NMDA receptor antagonists. If moderately
active along the progression of the disease, these drugs mostly improve cognitive functions and overall health of
patients diagnosed with AD 3.

Analysis of the clinical trials & their failure

Progress in the understanding of AD has, until now, not led to real advances in the discovery of agents able to treat
or prevent AD as no agents have been approved by the US FDA since 2003. A recent analysis of clinical trials has
listed more than 130 agents evaluated for the treatment of AD [4]. Interestingly the number of agents in each phase
has increased compared with the 2018 pipeline. Most of the trials deal with the development of disease-modifying
agents, however several trials also concern agents treating neuropsychiatric and behavioral symptoms or increasing
cognitive functions. In all phases, amyloid pathology (5] remains the most common target with the development of
novel small molecules, monoclonal antibodies or biological therapies. Such strategies have also been followed for
anti-Tau agents in a lesser extent and for the development of 22 symptomatic agents or cognitive enhancers currently
in phase III. We could also note the presence of several repurposing-drug (6] strategies as well innovative targets to
limit multiple aging pathways, such as inflammation, vascular problems, or epigenetics. Despite all these efforts,
AD drug development possesses one of the highest failure rates with no drug able to demonstrate drug-placebo
difference. The lack of success in clinical trials could result from several causes, including problems with identifying
the optimal drug for the right target, followed in its development with optimal biomarkers in a trial that includes
relevant participant. In recent years some doubt has arisen concerning issues in the early development of several
candidates. Among them, we could cite the use of inappropriate animal models in early development [7], some
doubts about the validity of the initial targets, and also the complex stratification and diagnosis of the patients which
should be in a state that allows them to benefit from an improvement in their health. Considering the multifactorial
origin of AD, the development of selective agents might not be sufficiently active to reverse the cognitive deficit.
Indeed, the diversity of the pathogenetic elements at the origin of AD should be in favor of the development of
combination therapy.

Recent improvement to identify better candidates
Facing these failures and taking into account the issues listed before, the FDA and authorities have recendy — Newlands
set up a novel research framework to precise classification of patients, including predementia stages and mild press
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cognitive impairment [8]. In order to improve this stratification, many trials are now based on the quantification
of pathophysiological cerebrospinal fluid biomarkers (AB;_ 4, t-tau, p-tauyg, etc.) (9] or PET tracers developed for
amyloid or tau identification [10]. The preclinical development of drugs should also evolve in order to take into
account the complexity of AD in patients. As stated the animal models currently used, mainly transgenic mice,
might not be really predictive of human disease. If other animal models are being developed, human organoids
including stem-cells derived 3D tissue models of the brain would certainly be at the basis of the future preclinical
testing to identify future valid targets and better candidates [11]. In order to tackle the complexity of AD, novel
advances will surely focus on the identification of possible combination therapy [121. This identification should be
taken into account in the discovery process with novel screening strategies as well as in the future of the clinical
evaluation. If the combination of drugs is a valuable strategy, the development of multiple ligands, also qualified
as MultiTarget Directed Ligands is of great interest. Such compounds are single agent designed to modulate
several biological targets of interest and numerous agents have been developed in recent years in an active field of
research [13]. Many examples demonstrated potent activity in diverse animal models with promising safety results.
Among them, several multiple agents have recently reached clinical trials and the recent conditional approval of
oligomannate (GV-971) by the Chinese government’s National Medical Product Administration might be the first
example to be approved [14]. According to the putative mode of action of GV-971, the impact of the modulation
of gut microbiota and neuroinflammation on AD is currently particularly studied [15]. Several novel therapeutic
strategies and novel targets, including non-amyloid or non-tau strategy, should also be explored in order to develop
disease-modifying or symptomatic agents [16,17].

Toward novel treatment for AD?

The recent surprising announcement from Biogen and Eisai regarding the positive results of aducanumab (18] as a
potential new treatment for AD represents a great achievement. Indeed, for the first time a compound, developed
with the use of amyloid PET imaging, is able to limit the amyloid pathology and more importantly shows efficacy to
limit dementia scores of the patients treated in the Phase III of the clinical trials. If novel data and probably another
Phase I1I will be necessary before any regulatory submission, aducanumab might be the first disease-modifying agent
able to reach this stage validating for the first time the antiamyloid strategy. This first step toward the approval of
novel treatment for AD will also influence the development of other treatment currently under evaluation including
other amyloid-targeted antibody such as BAN2401 also developed by Eisai and Biogen [19]. However if promising,
it is unlikely that these agents will alone be able to limit or cure this complex pathology. We could postulate that
the future of AD drug discovery will include combination of drugs addressing multiple target pathways to tackle
the various form of AD with precision medicine.

Financial & competing interests disclosure
The authors have no relevant affiliations or financial involvement with any organization or entity with a financial
interest in or financial conflict with the subject matter or materials discussed in the manuscript. This includes
employment, consultancies, honoraria, stock ownership or options, expert testimony, grants or patents received or
pending, or royalties.

No writing assistance was utilized in the production of this manuscript.

References
1. Patterson C. World Alzheimer report 2018. ADI, London 1-48 (2018). www.alz.co.uk/research/WorldAlzheimerReport2018.pdf

2. Lee WH, Loo CY, Bebawy M, Luk F, Mason RS, Rohanizadeh R. Curcumin and its derivatives: their application in neuropharmacology
and neuroscience in the 21st century. Curr. Neuropharmacol. 11(4), 338-378 (2013).

3. Zemek F, Drtinova L, Nepovimova E ez 2. Outcomes of Alzheimer’s disease therapy with acetylcholinesterase inhibitors and

memantine. Expert Opin. Drug Saf 13(6), 759-774 (2014).

4. Cummings JL, Lee G, Ritter A, Sabbagh M, Zhong K. Alzheimer’s disease drug development pipeline: 2019. Alzheimers Dement. 5,
272-293 (2019).

5. Karran E, Mercken M, De Strooper B. The amyloid cascade hypothesis for Alzheimer’s disease: an appraisal for the development of
therapeutics. Nat. Rev. Drug Discov. 10(9), 698-712 (2011).

6. Appleby BS, Cummings JL. Discovering new treatments for Alzheimer’s disease by repurposing approved medications. Curr. Top. Med.
Chem. 13(18), 2306-2327 (2013).

176

Future Med. Chem. (2020) 12(3) future science group


https://www.alz.co.uk/research/WorldAlzheimerReport2018.pdf

16.

17.

19.

Facing the complexity of Alzheimer’s disease

Li C, Briner A, Gétz ]. The search for improved animal models of Alzheimer’s disease and novel strategies for therapeutic intervention.

Future Med. Chem. 11(15), 1853-1857 (2019).

Cummings J. The National Institute on Aging — Alzheimer’s Association framework on Alzheimer’s disease: application to clinical
trials. Alzheimers Dement. 15(1), 172—178 (2018).

Toschi N, Lista S, Baldacci F ez /. Biomarker-guided clustering of Alzheimer’s disease clinical syndromes. Neurobiol. Aging 83, 42-53
(2019).

Pontecorvo MJ, Devous MD Sr, Navitsky M ez al. Relationships between flortaucipir PET tau binding and amyloid burden, clinical
diagnosis, age and cognition. Brain 140(3), 748-763 (2017).

King A. The search for better animal models of Alzheimer’s disease. Nature 559(7715), S13-S15 (2018).
Fessel ]. Alzheimer’s disease combination treatment. Neurobiol. Aging 63, 165 (2018)
Lalut J, Rochais C, Dallemagne P. Multiple ligands in neurodegenerative diseases Drug Selectiviy 17, 477-508 (2017).

Wang X, Sun G, Feng T ez al. Sodium oligomannate therapeutically remodels gut microbiota and suppresses gut bacterial amino
acids-shaped neuroinflammation to inhibit Alzheimer’s disease progression. Cel/ Res. 29(10), 787-803 (2019).

Panza F, Lozupone M, Solfrizzi V, Watling M, Imbimbo BP. Time to test antibacterial therapy in Alzheimer’s disease. Brain 142(10),
2905-2929 (2019).

Khan A, Corbett A, Ballard C. Emerging treatments for Alzheimer’s disease for non-amyloid and non-tau targets. Expert Rev.

Neurother. 17(7), 683-695 (2017).
Lalut J, Karila D, Dallemagne P, Rochais C. Modulating 5-HT4 and 5-HT6 receptors in Alzheimer’s disease treatment. Future Med.
Chem. 9(8), 781-795 (2017).

Biogen. Biogen plans regulatory filing for aducanumab in Alzheimer’s disease based on new analysis of larger dataset from Phase III
studies (2019). heep:

/linvestors.biogen.com/news-releases/news-release- details/biogen-plans-regulatory-filing-aducanumab-alzheimers-disease

NIH US National Library of Medicine A study to confirm safety and efficacy of BAN2401 in participants with early Alzheimer’s disease
(clarity AD) (2019). https://clinicaltrials.gov/ct2/show/NCT03887455

Editorial

future science group www.future-science.com

177


http://www.investors.biogen.com/news-releases/news-release-details/biogen-plans-regulatory-filing-aducanumab-alzheimers-disease
https://www.clinicaltrials.gov/ct2/show/NCT03887455





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


