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1. Einfuhrung

1.1.Demenz bei M. Alzheimer

Aufgrund der steigenden Alterung der Bevolkerung ricken Demenz-Erkrankungen
zunehmend in den Fokus. Dem World Alzheimer Report 2018 zufolge soll die Zahl
Demenzerkrankter von aktuell ca. 50 Millionen auf etwa 152 Millionen im Jahr 2050
ansteigen (Patterson 2018). Demzufolge belaufen sich die Kosten aktuell auf etwa eine
Billion US-Dollar und sollen sich bis zum Jahr 2030 verdoppeln. Den grof3ten Anteil,
etwa zwei Drittel der Demenzerkrankungen, macht die Alzheimer-Demenz aus

(Patterson 2018).

Die klinischen Diagnosekriterien der Demenz wurden 2011 vom National Institute on
Aging-Alzheimer’'s Association erneuert: Eine Demenz zeichnet sich durch die
progrediente Einschrankung der kognitiven Leistungsfahigkeit Uber einen Zeitraum
von mindestens sechs Monaten aus, die mit einer Beeintrachtigung des alltaglichen
Lebens einhergeht sowie nicht durch eine andere, zugrundeliegende Erkrankung
erklart werden kann. Bei der Alzheimer-Demenz im Speziellen zeigt sich ein langsam
fortschreitender Progress, zunehmender Gedachtnisverlust oder Auffalligkeiten in
Sprache und Exekutivfunktionen (McKhann, Knopman et al. 2011). Um die klinische
Diagnose einer Alzheimer-Demenz stellen zu koénnen, missen die genannten
klinischen Kriterien erfullt sein. Erganzend bzw. bei unklaren Fallen kénnen Biomarker

eingesetzt werden.

Die der Alzheimer-Demenz zugrundeliegende Pathologie ist vielfaltig und bislang nicht
abschlieBend geklart. Einen wesentlichen Punkt stellt die Amyloid-Pathologie dar.
Bereits Alois Alzheimer entdeckte die zerebralen Proteinablagerungen bei betroffenen
Patienten, welche spater als extrazellulares B-Amyloid sowie intrazellulares Tau

bekannt wurden (Grontvedt, Schroder et al. 2018). Das AB-Peptid ist ein Spaltprodukt
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aus dem Amyloid-Precursor-Protein (APP) und entsteht durch die Enzyme B- und y-
Sekretase. Es ist zwischen 36 und 43 Aminosauren lang. Insbesondere AB-42 steht
im Verdacht, amyloidogen zu wirken (Fukumoto, Asami-Odaka et al. 1996). Bei einem
Ungleichgewicht zwischen AB-Auf- und Abbau kann es zur Bildung von Oligomeren
und Fibrillen kommen. In akkumulierter Form entstehen fibrillare Amyloid-Plaques,
welche sich extrazellular im Gehirn ablagern. Diese Amyloid-Ablagerungen entstehen
Jahre bis Jahrzehnte vor der klinischen Erstmanifestation der Demenz-Erkrankung
(Vilemagne, Burnham et al. 2013). Das fruhzeitige Auftreten dieser Ablagerungen
stellt einen potenziellen therapeutischen Ansatzpunkt noch vor Beginn der ersten
Symptome dar.

Zur Verlaufsbeurteilung der dementiellen Symptome wurden verschiedene
Testverfahren entwickelt. Das im klinischen Alltag am haufigsten verwendete
Testverfahren ist der Mini-Mental-Status-Test (MMSE, Mini Mental State Examination),
der bei nur geringem Zeitaufwand eine erste Einschatzung des Demenzgrades erlaubt.
Die Skala reicht von 0 bis 30 Punkten, wobei 30 Punkte das bestmdgliche Ergebnis
darstellen und von einer schweren Demenz bei unter 10 Punkten gesprochen wird
(Creavin, Wisniewski et al. 2016). Eine weitere, haufig verwendete Testbatterie ist der
Alzheimer’s Disease Assessment Scale Cognition (ADAS-Cog), der etwas mehr
Zeitaufwand bendtigt und insbesondere eine gute Verlaufsbeurteilung ermdglicht. Bei
diesem Test werden ausfuhrlichere Aufgaben zu Gedachtnisleistung, Sprache und
Orientierung gestellt. Die Skala beginnt bei 0 Punkten bei bestmdglichem Ergebnis,
zeigt ab 10 Punkten eine kognitive Einschrankung an und reicht bis maximal 70

Punkten bei schwerster Demenz (Kueper, Speechley et al. 2018).



1.2.Diagnostik bei M. Alzheimer: Einsatz von Biomarkern und Positronen-Emissions-
Tomographie (PET)

Bislang ist die Diagnosesicherung eines M. Alzheimer nur post mortem mit dem
histologischen Nachweis von zerebralem Amyloid mdglich, weshalb intensiv an der In-
vivo-Diagnostik geforscht wird. Das langfristige Ziel besteht darin, fruhe Stadien
pathologischer Befunde erkennen und entsprechend noch vor bzw. bei Auftreten der
ersten klinischen Symptome therapieren zu kénnen. Hierbei kommt verschiedenen
Biomarkern fur zerebrale Amyloid-Ablagerungen wie z. B. der Bildgebung des
zerebralen Amyloids mittels Positronenemissionstomographie (PET), auf welche im
Folgenden genauer eingegangen wird, eine entscheidende Rolle zu (Jack and

Holtzman 2013):

Fir die PET wird durch eine radiochemische Synthese ein Tragermolekll mit Affinitat
zu einer spezifischen Zielstruktur, in diesem Fall Amyloid, an ein radioaktives Isotop
gebunden. Dabei wird ein Isotop mit B+-Zerfall bendtigt, z. B. Fluor-18 ('®F) oder
Kohlenstoff-11 (''C). Dieser radioaktive Tracer wird dem Patienten intravends
verabreicht und verteilt sich Gber den Blutpool im gesamten Koérper. Der Tracer bindet
schliel3lich an die Zielstruktur, z. B. Amyloid. Die radioaktive Substanz sendet
Positronen aus, welche sich mit einem Elektron des umgebenden Gewebes
ausléschen und dabei zwei Gammaquanten, hochenergetische Photonen, emittieren.

Diese konnen durch die PET aufgezeichnet werden.

PET-Radiopharmaka, welche die B-Amyloid-Ablagerungen in-vivo sichtbar machen
konnen, sind beispielsweise '8F-Florbetaben (Barthel, Gertz et al. 2011, Chiaravalloti,
Danieli et al. 2017), '8F-Florbetapir (Joshi, Pontecorvo et al. 2012, Kobylecki,
Langheinrich et al. 2015, Heurling, Leuzy et al. 2016, Jack, Bennett et al. 2018), '8F-

Flutemetamol (Curtis, Gamez et al. 2015, Leuzy, Savitcheva et al. 2019). Diese Tracer



werden zunehmend Bestandteil der klinischen Diagnostik (Johnson, Minoshima et al.
2013, Leuzy, Savitcheva et al. 2019, Trivino-lbanez, Sanchez-Vano et al. 2019).
Insbesondere in unklaren Fallen kann eine erganzende Amyloid-PET-Bildgebung
entscheidend bei der Diagnosestellung sein (Brendel, Schnabel et al. 2017,

Schonecker, Prix et al. 2017).

Einer der ersten, seit Jahren etablierten Amyloid-Tracer ist ''C-Pittsburgh Compound
B ("'C-PiB) (Klunk, Engler et al. 2004, Rabinovici, Furst et al. 2007, Weiner, Aisen et
al. 2010, Villemagne, Mulligan et al. 2012), welcher insbesondere stark an ApR42-

Fibrillen bindet (Yamin and Teplow 2017).

1.3. Methodische Analysen der Amyloid-PET-Bildgebung

Der erste verlassliche Amyloid-Ligand flir das menschliche Gehirn ist Pittsburgh
Compound B (PiB). Hierbei handelt es sich um ein Derivat von Thioflavin T. Das mit
radioaktivem Kohlenstoff markierte ''C-PiB besitzt eine hohe Affinitat zu AR 40 und 42.
Es konnte gezeigt werden, dass die in den PiB-Bilddaten dargestellten
Verteilungsmuster gut mit den in post-mortem-Untersuchungen histologisch
gesicherten Mustern korrelieren, wodurch sich '"'C-PiB zu einem verlasslichen
Biomarker der Amyloidlast in vivo entwickelte (lkonomovic, Klunk et al. 2008, Rowe,
Ackerman et al. 2008). Eine erhdhte Amyloidlast zeigen insbesondere der prafrontale
sowie temporoparietale Kortex, der posteriore zingulare Kortex und Precuneus sowie
das Striatum (Klunk, Engler et al. 2004, Buckner, Snyder et al. 2005, Engler, Forsberg

et al. 2006).

Eine weitere entscheidende Entdeckung war, dass das Kleinhirn sowohl bei AD- als
auch bei gesunden Patientengruppen keine erhohte bzw. nur eine gering erhdhte

Amyloidlast aufweist und keine signifikanten Unterschiede bezuglich der zerebellaren



Amyloidlast zwischen AD- und gesunder Vergleichskohorte gefunden werden konnte
(Rowe, Ackerman et al. 2008). Diese Information war wichtig fur die Auswertung der

PiB-Bilddaten, da das Zerebellum somit eine stabile Referenzregion darstellt.

1.4. Amyloid-Pathophysiologie und die Rolle des Striatums

Zur Abklarung der pathologischen Ablagerungen in Form von B-Amyloid wurde in
Studien der longitudinale Verlauf der Ablagerungen sowie die spezifischen
Ablagerungsmuster untersucht. Die hierfur durchgefuhrten Studien zeigten eine grol3e
Variabilitat bezuglich ihrer Ergebnisse. Exemplarisch konnte in einer Studie gezeigt
werden, dass der anteriore zingulare Kortex (ACC) frihzeitig vermehrte ApB-
Ablagerungen aufweist (Sojkova, Zhou et al. 2011). Im Gegensatz dazu konnte eine
andere Studie in dieser Region keine vermehrte AR-Akkumulation nachweisen (Villain,
Chetelat et al. 2012). Eine weitere Studie, welche die Amyloid-Ablagerungen in
Patienten mit MCI untersuchte, ergab eine signifikant erh6hte Akkumulation sowohl im
anterioren und posterioren zingularen Kortex als auch im temporalen und parietalen
Kortex sowie im Putamen (Koivunen, Scheinin et al. 2011). Villaein et al. konnten
dagegen keine erhohte Amyloid-Ablagerung putaminal nachweisen. Diese Studie
zeigte wiederum eine erhdohte Akkumulationsrate im prafrontalen Kortex, der Insel
sowie im Okzipitallappen (Villain, Chetelat et al. 2012). In einer Studie konnte gezeigt
werden, dass das Amyloid-PET zur Baseline es ermdglicht, mit grof3er Genauigkeit
regionale Muster in der Amyloid-PET im Verlauf bei Patienten mit einer Alzheimer-

Demenz vorherzusagen (Guo, Brendel et al. 2017).

Auch die striatale Amyloidlast wurde untersucht, wobei eine starke Korrelation
insbesondere zwischen ventralem Striatum und medialem Anteil der orbitofrontalen

Region festgestellt werden konnte (Ishibashi, Ishiwata et al. 2014).



Die mangelnde Ubereinstimmung in verschiedenen Studien beziiglich der zerebralen
Regionen mit erhohter Amyloid-Akkumulationsrate kann moglicherweise auf
unterschiedliche Krankheitsstadien der Patienten, unterschiedliche Lange der
Studiendauer sowie die Wahl der Referenzregion zurlckzufuhren sein. Es wird
angenommen, dass das Verteilungsmuster im Krankheitsverlauf nicht konstant ist,
sondern einige Regionen frihzeitig einen erhdhten Amyloid-Tracer-Uptake zeigen,
wahrend andere in einem spateren Stadium eine erhdhte Amyloidlast aufweisen. Bei
der Einteilung der Amyloidlast haben sich die Braak-Stadien etabliert (Braak and Braak
1995). Diese beschreiben das zerebrale Ausbreitungsmuster der Neurofibrillaren
Bundel im zeitlichen Verlauf. Dabei werden 5 Stadien beschrieben: Im Stadium | und
Il ist hauptsachlich der transentorhinale Kortex betroffen. Im Stadium Il und IV zeigt
sich zudem eine Ausdehnung in limbische Regionen wie den Hippocampus. Zuletzt,

in den Stadien V und VI, ist der gesamte Neokortex betroffen.

Die dynamische Entwicklung der zerebralen Amyloidlast erfordert daher auch

zukUnftig erganzende Studien.

Im ersten Teil der vorliegenden Promotionsarbeit wurden PiB-positive Patienten mit
neurodegenerativer Grunderkrankung hinsichtlich der striatalen Amyloidlast und

moglichen Verbindungen zu kortikalen Arealen ausgewertet.

1.5. Therapeutische Moglichkeiten

Aktuell  stehen nur  begrenzte, den Krankheitsverlauf  verzdgernde
Therapiemoglichkeiten der Alzheimer-Demenz  zur Verflgung. Eine kurative
Therapieoption ist bislang nicht bekannt. Deshalb wurde und wird ausgiebig an

therapeutischen Moglichkeiten geforscht.



Die aktuell zugelassenen Therapeutika sollen die kognitiven und motorischen
Symptome lindern und den Krankheitsprogress verzogern. Cholinesterase-Inhibitoren
wie Donepezil oder Rivastigmin sowie NMDA-Antagonisten wie Memantin kdnnen den
Krankheitsstatus stabilisieren sowie eine Verschlechterung hinauszégern (Tan, Yu et
al. 2014). Cholinesterase-Hemmer werden dabei bevorzugt bei beginnender
dementieller Symptomatik bis MCI verwendet, NMDA-Antagonisten sind das
Therapeutikum der Wahl bei moderater bis starker Auspragung der Alzheimer-

Erkrankung (Epperly, Dunay et al. 2017).

Zudem werden neuere Therapien entwickelt, welche versuchen an den
Amyloidablagerungen anzugreifen. Dafur ist es einerseits notwendig, initiale
Amyloidablagerungen nachzuweisen sowie andererseits deren Entwicklung im Verlauf
verfolgen zu kénnen (Nordberg, Rinne et al. 2010), weshalb die molekulare Bildgebung
zunehmend nicht nur in der Diagnostik, sondern auch in der Therapie
neurodegenerativer Erkrankungen eine wichtige Rolle spielt. Doch obwohl zahlreiche
Studien zur Entwicklung anti-amyloidogener Therapien initiiert wurden und werden,
scheitert der Uberwiegende Teil bislang aufgrund fehlender bzw. nur geringer
Verbesserung des Outcomes (Kozin, Barykin et al. 2018, van Dyck 2018). 2021 wurde
der erste monoklonale Antikorper gegen B-Amyloid, Aducanumab, durch die FDA
zugelassen (Mukhopadhyay and Banerjee 2021). Es konnte gezeigt werden, dass
durch Aducanumab die Bildung zerebraler Amyloid-Plaques reduziert werden kann
(Sevigny, Chiao et al. 2016, Budd Haeberlein, Aisen et al. 2022). Da das Uberwiegen
des klinischen Nutzens gegentber den Nebenwirkungen jedoch nicht eindeutig belegt
werden konnte, wurde eine Zulassung durch die EMA bislang abgelehnt. Dies soll in

aktuell laufenden Studien weiter analysiert werden.
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In retrospektiven Analysen wurde gezeigt, dass bei klinischen Studien z. T. in mehr als
einem Drittel der behandelten Patienten die therapeutische Zielstruktur, z. B. Amyloid-
Plaques, nicht nachgewiesen werden konnte (Sevigny, Suhy et al. 2016). In diesen
Fallen kann dadurch ein fehlendes/ unzureichendes Therapieansprechen erklart
werden (Vellas, Carrillo et al. 2013). Molekulare Biomarker werden daher zunehmend
ein notwendiges Einschlusskriterium fur aktuelle Studien beziglich der Alzheimer-

Erkrankung (Wolz, Schwarz et al. 2016).

Einen weiteren therapeutischen Ansatzpunkt stellen Selektive Serotonin-Reuptake-
Inhibitoren (SSRI) dar. Es wird angenommen, dass Serotonin die AB-Produktion
reduzieren kann (Reynolds, Mason et al. 1995). In friheren Studien konnte gezeigt
werden, dass klinisch unauffallige Patienten mit SSRI-Einnahme in der Vergangenheit
in der ""C-PiB-PET eine signifikant geringere Amyloidlast aufwiesen im Vergleich zur
Kontrollgruppe ohne SSRI-Einnahme (Cirrito, Disabato et al. 2011). Darlber hinaus
konnte in der gleichen Studie eine negative Korrelation zwischen Amyloidlast und

Dauer der SSRI-Einnahme gezeigt werden.

In einer praklinischen Studie mit prospektivem Studiendesign konnte ein Stillstand des
Wachstums vorbestehender Amyloid-Plaques sowie eine Hemmung neuer Plaques

um 78% in transgenen AD-Mausen nachgewiesen werden (Sheline, West et al. 2014).

Bislang ist die Auswirkung einer SSRI-Einnahme beim Menschen in Zusammenhang
mit der Alzheimer-Erkrankung nicht ausreichend geklart und weiterhin Gegenstand der
Forschung, weshalb sich der zweite Teil dieser Promotionsarbeit diesem Thema

gewidmet hat.
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1.6. Alzheimer’'s Disease Neuroimaging Initiative (ADNI)

Bei der Alzheimer’s Disease Neuroimaging Initiative (ADNI) handelt es sich um ein
multizentrisches Forschungsprojekt, welches sich zum Ziel gesetzt hat, die Pravention,

Diagnostik und Behandlung der Alzheimer-Erkrankung zu verbessern.

Das Projekt wurde 2004 ins Leben gerufen. Seitdem werden dafir an 57 Zentren in
den Vereinigten Staaten sowie Kanada Daten erhoben. Hierbei handelt es sich um
Bilddaten von PET- sowie MRT-Untersuchungen, klinische, kognitive, genetische und
biochemische Biomarker von gesunden Patienten, Patienten mit leichter kognitiver
Einschrankung bis hin zu Patienten mit vollstandiger klinischer Auspragung einer
Alzheimer-Demenz. Die Daten werden zur Baseline sowie in regelmafigen Abstanden
im Verlauf erhoben, um eine longitudinale Beobachtung zu ermdglichen. Diese
umfangreiche Datenbank wird Wissenschaftlern weltweit zuganglich gemacht, um die
Erforschung der Pathophysiologie, Diagnostik und Therapie der Alzheimer-
Erkrankung voranzutreiben (Weiner, Aisen et al. 2010, Weiner, Veitch et al. 2017). Die
Daten-Grundlage der zweiten Publikation der vorliegenden Dissertation stellt diese
Datenbank dar. Im Rahmen der geteilten Erstautorenschaft wurde gemeinschaftlich
mit Herrn PD Dr. Brendel das Studiendesign erarbeitet. Nachdem ich die statistische
Auswertung durchfiihrte, erfolgten in enger Zusammenarbeit die Diskussion und

Interpretation der Ergebnisse und gemeinsame Verfassung des vorliegenden Papers.
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2. Inhalte der Promotionsarbeit
2.1.Die Korrelation zwischen striataler und kortikaler Amyloidlast in in Amyloid-
positiven Patienten

Im Rahmen der ersten Arbeit der vorliegenden Dissertation wurde das
Ausbreitungsmuster der zerebralen Amyloidlast mittels ''C-PiB-PET-Bildgebung
untersucht. Das Hauptaugenmerk lag hierbei auf der Korrelation zwischen striataler

und kortikaler Amyloidablagerung in Amyloid-positiven Patienten.

Hierfir wurden 73 Amyloid-positive Patienten eingeschlossen (31 mannlich/ 42
weiblich) mit einem mittleren Alter von 71,5 £ 2,1 Jahren und einem mittleren MMSE-
Wert von 21,7 + 1,4. Dieses Patientenkollektiv wurde sowohl mittels FDG-PET des
Gehirns als auch mit "'C-PiB-PET (dynamisch) untersucht. Unter den 73 ausgewahiten
Patienten befanden sich 34 mit AD, 26 mit MCI, 2 mit frontotemporaler
Lobardegeneration (FTLD), 2 mit einer Parkinson-Erkrankung, 5 mit einer Lewy-
Korperchen-Erkrankung und 4 mit dementieller Symptomatik ohne klare Diagnose. Zur
Diagnosestellung wurden die Kriterien der ,Neurological and Communicative
Disorders and Stroke-Alzheimer’s Diesease and Related Disorders Association for AD*

und die dritte Ausgabe des ,Dementia with Lewy Bodies Consortium“ angewendet.

Die FDG-PET-Scans wurden bei nuchternen Patienten 30 Minuten nach der
intravenosen Injektion Gber 30 Minuten in einem statischen Fenster akquiriert. Die ''C-
PiB-PET-Scans dagegen wurden dynamisch Uber 70 Minuten ab i.v.-
Injektionszeitpunkt akquiriert. Anschlielfend wurden die Bindungspotentiale mittels
PMOD analysiert. Parametrische Bilder der regionalen '"C-PiB-Aufnahme wurden

mittels Logan Graphical Analysis mit dem Zerebellum als Referenzregion generiert.

Far die Aufnahmen zur Analyse der Bindungspotentiale wurden alle dynamischen

Daten ab Injektionszeitpunkt bis 70 Minuten p.i. genutzt und anschliellend auf die
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individuellen FDG-Bilder coregistriert, raumlich normalisiert (auf den Montreal
Neuorologic Institute (MNI) Standard Space) und mit einem Gauss-Filter von 8 mm
geglattet. Die individuellen Werte der Bindungspotentiale wurden mithilfe des
Zerebellums normalisiert. Es wurden statistische parametrische Vergleiche mittels
SPM8 durchgefuhrt, um Korrelationen zwischen striataler und kortikaler
Bindungspotential-Werte erstellen zu koénnen. Dies beinhaltete eine multiple
Regression, um sowohl positive als auch negative Korrelationen erkennen zu kdnnen.
Ein p-Wert von weniger als 0,05 Familywise Error (FWE) fur multiple Vergleiche wurde
dabei als statistisch signifikant gewertet. Hierbei wurden multiple positive
Korrelationen, jedoch keine negativen entdeckt. Es zeigte sich beim Vergleich der
striatalen zu den kortikalen BPno-Werten eine signifikante Korrelation zwischen
Striatum und prafrontalem Kortex. Die starkste Korrelation wies dabei das Brodmann-
Areal 11 der linken Seite auf. Das Brodmann Areal 11 ist eine wichtige Struktur far
Lern-Prozesse, insbesondere  das  Extinktionslernen,  sowie  fur  die
Entscheidungsfindung. Am Entscheidungsprozess ist auch das Striatum beteiligt. Die

signifikanten Korrelationen sind im Detail in der Tabelle 1 aufgelistet.
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Brodmann- | Gehirn-Region Seite Koordinaten T-Werte

Areal X Y Z

BA 11 Orbitofrontaler Kortex links -9 33 -9 17,49

BA11 Orbitofrontaler Kortex rechts 1 26 -12 16,80

BA 32 Dorsaler anteriorer links -8 35 11 15,46
zingularer Kortex

BA 32 Dorsaler anteriorer rechts 11 37 7 15,24
zingularer Kortex

BA 45 Broca-Areal rechts 32 25 6 14,43

BA 9 Dorsolateraler/ medialer links -37 21 25 14,26
prafrontaler Kortex

BA 9 Dorsolateraler/ medialer rechts 37 28 24 14,15
prafrontaler Kortex

BA 46 Dorsolateraler rechts 37 39 13 14,10
prafrontaler Kortex

BA 31 Dorsaler posteriorer links -11 -55 29 14,09
zingularer Kortex

BA 10 Prafrontaler Kortex links -33 43 3 13,88

BA 10 Prafrontaler Kortex rechts 7 46 -11 13,46

Tabelle 1. Signifikante Korrelation zwischen kortikalem und striatalem Bindungspotential.

Abbildung 1 zeigt die Korrelationen anhand einer Oberflachenprojektion. Hier zeigen
sich ausgedehnte Areale mit signifikanter Korrelation. Eine Ausnahme bilden dabei die
zerebellaren Hemispharen. Die starkste Korrelation zeigt sich frontobasal, die
schwachste Korrelation in okzipitalen Arealen. Zusammenfassend zeigten sich
multiple, positive Korrelationen zwischen striataler und kortikaler Amyloidablagerung.
Von diesen kortikalen Arealen sind sowohl funktionelle als auch anatomische
Verbindungen zum Striatum bekannt. Deshalb scheint es wahrscheinlich, dass die
Ausbreitung der Amyloidplaques nicht zufallig stattfindet, sondern von funktionellen

und anatomischen Verbindungen abhangig ist.

Diese Ergebnisse wurden 2018 im Rahmen der ersten Erstautorenschaft ,The
correlation between striatal and cortical binding ratio of ''C-PiB PET in amyloid-uptake-
positive patients in Annals of Nuclear medicine veroffentlicht (Sauerbeck, Ishii et al.

2018).
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Abbildung 1. Signifikante Korrelationen zwischen kortikaler und striataler Amyloidlast. Die deutlichste
Assoziation ist frontobasal zu beobachten (gelb).

2.2. Selektive Serotonin-Wiederaufnahmehmmer (SSRI) verbessern Kognition und
Atrophie der grauen Substanz, jedoch nicht die Amyloidlast im 2-Jahres-Verlauf
in Patienten mit leichter kognitiver Einschrédnkung (MCI) und M. Alzheimer mit
depressiver Symptomatik

Im Rahmen der zweiten Publikation wurde der Einfluss selektiver Serotonin-
Wiederaufnahme-Hemmer (SSRI) auf Kognition, zerebrale Atrophie und Amyloidlast
untersucht. Fur diese Fragestellung wurde ein Kollektiv der ADNI-Datenbank genutzt.
Zum Einschlussdatum waren 409 passende Patienten verfigbar, welche entweder
einer gesunden Kontrollgruppe angehorten oder die Diagnose einer MCI/ AD erhalten
hatten. Zudem hatten alle eingeschlossenen Patienten ein Amyloid-PET mit '8F-AV45
(Florbetapir) sowie ein MRT sowohl zur Baseline als auch im Zwei-Jahres-Follow-Up

erhalten.

Anhand der Mini Mental State Examination (MMSE) sowie mithilfe klinischer Kriterien,
gemessen am Clinical Dementia Rating (CDR), wurden die Probanden in HC, MCI und
AD unterteilt. Zusatzlich wurde der Apolipoprotein-E4-Status (ApoE4), das Geschlecht
sowie die Bildungsjahre erhoben. Zum Zeitpunkt der Bildakquise erfolgte zudem die
Aufzeichnung des Alters, NPI-Q-Scores und des ADAS-Scores. Die Patienten konnten
somit unterteilt werden in eine gesunde Vergleichskohorte (N = 153) und Patienten mit

MCI oder AD (N = 256).
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Mit Hilfe des Neuropsychiatric Inventory—Questionnaire-Scores (NPI-Q-Scores) (Iltem
4; Depressive Symptome) wurden die Gruppen weiter unterteilt in Probanden mit
respektive ohne depressive Symptomatik zum Zeitpunkt des Baseline-Scans. Die
Patienten mit depressiver Symptomatik wurden weiter unterteilt in eine Gruppe mit und

eine Gruppe ohne SSRI-Therapie unterteilt.

Die MCI-/ AD-Gruppe wurde dementsprechend aufgeschlusselt in drei Untergruppen:

a) Patienten mit depressiver Symptomatik und SSRI-Behandlung (N = 24)
b) Patienten mit depressiver Symptomatik, jedoch ohne SSRI-Behandlung
(N =49)

c) Patienten ohne depressive Symptomatik (N = 183).

Die Patienten mit demenzieller Symptomatik wurden zudem unterteilt in eine Amyloid-
positive und eine Amyloid-negative Untergruppe entsprechend der Amyloidlast im
PET-Befund zur Baseline. Fur diese Einteilung wurde zunachst ein Zielvolumen
(Volume of Interest; VOI) fur die Auswertung der Amyloid-PET gebildet, welches die
Summe der Amyloidlast aus frontaler, temporaler, parietaler grauer Substanz sowie
des posterioren Gyrus cinugli/ Precuneus darstellt. Dieser Wert wurde anschliel3end
durch die Amyloidlast einer Referenz-Region geteilt. Als Referenzregion wurde die
weilke Substanz gewahlt, da diese die genaueste Unterscheidung zwischen HC und
AD ermdoglicht (Brendel, Hogenauer et al. 2015). Dadurch ergibt sich das Verhaltnis
des standardisierten Aufnahmewertes des Tracers (als Korrelat zur Amyloidlast) zur
Referenz-Region (Standardized Uptake Value Ratio, SUVR). Die statistischen
Analysen erfolgten in SPSS mittels einer multivariaten Kovarianzanalyse und wurden

Bonferroni-adjustiert. Das Ziel meiner Promotionsarbeit war, die Effekte einer Therapie
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mit SSRI auf Alzheimer-Patienten (AD) sowie Patienten mit einer leichten, kognitiven

Einschrankung (MCI) zu untersuchen.

In Bezug auf die kognitive Leistungsfahigkeit konnte in der longitudinalen Analyse kein
Unterschied zwischen Patienten mit bzw. ohne depressive Symptomatik beobachtet
werden. Jedoch konnte eine signifikante Verbesserung der Kognition innerhalb der
Gruppe der Patienten mit depressiver Symptomatik und SSRI-Behandlung, gemessen
an einer Abnahme des ADAS, gezeigt werden (absolut: -0,8 / relativ: —=5,0%). Im
Gegensatz dazu zeigte sich bei der Gruppe ohne SSRI-Behandlung eine
Verschlechterung der Kognition und dementsprechend ein Anstieg des ADAS (absolut:
+2,9 / relativ: +18,6%; p = 0,013, Abbildung 2). In der Untergruppe der Amyloid-
positiven Patienten mit depressiver Symptomatik konnte der gleiche, wenn auch nicht

signifikante Trend, nachgewiesen werden.

304

204

10+

Delta-ADAS

Abbildung 2. Entwicklung des ADAS im 2-Jahres-Verlauf fir Patienten mit respektive ohne depressive
Symptomatik sowie die Untergruppen der Patienten mit bzw. ohne SSRI-Medikation.

Des Weiteren wurde untersucht, wie sich die Demenz-Diagnosen im Verlauf von
Baseline zu Follow-Up veranderten. 29 der 225 Patienten, die zur Baseline als MCI

eingestuft wurden, zeigten eine Konversion zur Demenz vom Alzheimer-Typ. 10 der
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225 Patienten dagegen verbesserten sich, sodass sie zum Follow-Up als HC gewertet

wurden.

Von insgesamt 31 AD-Patienten zur Baseline zeigte ein Fall eine Konversion zu MCI,

der Grolteil (96,8%) wies unverandert die Diagnose AD auf.

Basierend auf praklinischen Ergebnissen (Cirrito, Disabato et al. 2011) war ein
wesentlicher Bestandteil der Analyse die longitudinale Untersuchung der Amyloidlast.
Es zeigten sich insgesamt Tendenzen, jedoch keine signifikanten Unterschiede im 2-
Jahres-Verlauf: Zwischen subsyndromal depressiven und nicht-depressiven Patienten
konnte im Gesamthirn kein wesentlicher Unterschied im Anstieg der Amyloidlast im 2-
Jahres-Verlauf (A%-SUVR: +5,0% versus +5,6%; p = 0,568) nachgewiesen werden.
In der Untergruppe der subsyndromal depressiven Patienten mit SSRI-Therapie zeigte
sich ein tendentiell geringerer, jedoch nicht-signifikanter Anstieg des zerebralen
Amyloids mit starkster Auspragung im frontalen Kortex im Vergleich zu den
subsyndromal depressiven Patienten ohne SSRI-Therapie (A%-SUVR: +5,0% versus
+6,1%; p = 0,635). Die erganzende Analyse ausschliel3lich der Amyloid-positiven

Patienten fuhrte zu einem ahnlichen Ergebnis.

In einem weiteren Schritt wurde die zerebrale Atrophierate anhand des MRTs
untersucht: Im Vergleich der subsyndromal depressiven und der nicht-depressiven
Patientengruppe zeigte sich kein signifikanter Unterschied bezuglich des Ruckgangs
des gesamten Volumens der grauen Substanz sowie der Volumina der Einzelregionen

im beobachteten Zeitraum.

In der Analyse der Untergruppen konnte gezeigt werden, dass Patienten mit
subsyndromaler Depression ohne SSRI-Behandlung einen Rickgang von 2,7% des

Gesamtvolumens aufwiesen, wohingegen subsyndromal depressive Patienten unter
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SSRI-Behandlung einen signifikant geringeren Rickgang von 0,9% zeigten (p =
0,031). Die hdhere Atrophierate der grauen Substanz in der Gruppe der subsnydromal
depressiven Patienten ohne SSRI-Behandlung konnte betont im frontalen
(Volumenveranderung frontal: —0,8% versus -2,7%; p = 0,042) sowie temporalen
Kortex gezeigt werden (Volumenveranderung temporal: -0,9% versus -2,6%; p =

0,016).

Unter den Amyloid-positiven Patienten konnte eine signifikant hdhere durchschnittliche
zerebrale Atrophierate bei subsyndromaler Depression gezeigt werden verglichen mit
der Gruppe ohne depressive Symptomatik. Beispielsweise wiesen das
Gesamtvolumen der grauen Substanz (Volumenanderung —1,4% versus —3,8%; p =
0,040) und der temporale Kortex (Volumenanderung —1,1% versus —3,9%; p = 0,009)
in dieser Gruppe eine signifikant geringere Abnahme auf als in der Vergleichsgruppe
ohne SSRI-Behandlung. Zur Veranschaulichung werden in Tabelle 2 zwei

exemplarische Falle gezeigt.

Gruppe ADAS Baseline Amyloid- cMRT
Baseline | Follow-Up PET Baseline Follow-Up

Pat. mit 23 43
depressiver
Symptomatik
ohne SSRI-
Therapie

AB ++
(SUVR 1.00)
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Pat. mit 29 26
depressiver
Symptomatik
und SSRI-
Therapie

AB ++
(SUVR 1.00)

Tabelle 2. Zwei zur Baseline vergleichbare, Amyloid-positive Patienten mit depressiver Symptomatik.
Es zeigt sich eine visuell deutlichere Atrophie im 2-Jahres-Verlauf in dem Patienten ohne SSRI-
Therapie im Vergleich zu dem Patienten unter SSRI-Therapie.

Zusatzlich zu o. g. Analysen wurde die Amyloidlast zur Baseline korreliert mit dem
longitudinalen, klinischen Verlauf. Wir fuhrten hierzu Regressionsanalysen durch: Die
Amyloidlast zum Zeitpunkt der Baseline korrelierte positiv mit dem longitudinalen,
kognitiven Verlauf. Derselbe Trend zeigte sich bei der Untergruppe der subsyndromal
depressiven Patienten unter SSRI-Behandlung, hier konnte jedoch keine Signifikanz

erreicht werden.

Die Ergebnisse weisen darauf hin, dass Patienten mit MCl oder AD bezuglich der
kognitiven Leistungsfahigkeit von einer Behandlung mit SSRI profitieren. Das
morphologische Korrelat hierzu waren geringere Atrophieraten der grauen Substanz
bei Patienten unter SSRI-Therapie. Jedoch wurden nur 33% der Patienten mit
depressiver Symptomatik mit SSRI behandelt. Aufgrund des geringen Anteils mit SSRI
behandelter Patienten bei subsyndromaler Depression legen unsere Ergebnisse nahe,
das Augenmerk zunehmend auf die ausreichende, medikamentdse Behandlung einer
depressiven Symptomatik zu legen. Dies koénnte, auch wenn keine manifeste
Depression vorliegt, das kognitive Outcome verbessern. Im Gegensatz zum Tiermodell
konnten in unserer Analyse jedoch keine signifikanten Einflisse der SSRI-Therapie
auf die Veranderung der Amyloidlast nachgewiesen werden. Hier kdnnen prospektive
Studien mit einheitichem Beginn einer SSRI-Medikation in einem frihen

Krankheitsstadium und Beobachtung Uber einen langeren Verlauf hilfreich sein.
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Die Ergebnisse wurden 2018 im Rahmen der geteilten Erstautorenschaft ,Serotonin
Selective Reuptake Inhibitor Treatment Improves Cognition and Grey Matter Atrophy
but not Amyloid Burden During Two-Year Follow-Up in Mild Cognitive Impairment and
Alzheimer’'s Disease Patients with Depressive Symptoms” verdffentlicht (Brendel,

Sauerbeck et al. 2018).
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3. Zusammenfassung

In dieser Promotionsarbeit wurde mithilfe der Positronen-Emissions-Tomographie
(PET) die zerebrale Amyloid-Verteilung im Hinblick auf das Verteilungsmuster sowie
im longitudinalen Verlauf, insbesondere bei Patienten mit subsyndromaler Depression

und SSRI-Einnahme, untersucht.

Im ersten Teil der vorliegenden Promotionsarbeit wurde der Zusammenhang zwischen
striataler und kortikaler Amyloidlast untersucht, um das Ausbreitungsmuster der
zerebralen Amyloidlast und somit die regionalen zerebralen Verbindungen besser
verstehen zu kdnnen. Dafur untersuchten wir 73 Amyloid-positive Patienten mit einer
neurodegenerativen Erkrankung mit einem durchschnittlichen Alter von 71,5 + 1,4
Jahren. Die neurodegenerativen Erkrankungen beinhalteten die Alzheimer-Demenz
(AD, N = 34), leichte kognitive Einschrankungen (MCI) aufgrund einer Alzheimer-
Demenz (N = 26), frontotemporale Lobardegeneration (N = 2), M. Parkinson (N = 2),
Lewy-Korperchen-Demenz (N = 5) sowie Patienten mit dementieller Symptomatik
unklarer Genese (N = 4). Alle Patienten erhielten sowohl eine Glukose-PET- als auch

eine Amyloid-PET-Untersuchung mit ''C-PiB des Gehirns.

Fiur die ""C-PiB-PET-Scans wurde eine durchschnittliche Dosis von 555 + 185 MBq
"C-PiB intravends appliziert und die Bilder dynamisch iber 70 Minuten ab dem
Applikationszeitpunkt akquiriert. Zur Analyse wurden die PiB-PET-Bilder co-registriert
auf die individuellen FDG-PET-Bilder und anschlielfend raumlich normalisiert.
Weiterhin wurden die Bilder geglattet und auf das Zerebellum normalisiert. Darauf
basierend wurde eine voxelweise Analyse mittels SPM8 durchgefuhrt, wobei mittels
multipler Regression sowohl mdgliche positive als auch negative Korrelationen

ermittelt werden konnten.
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Die Ergebnisse ergaben signifikante, ausschliel3lich positive Korrelationen zwischen
striataler und kortikaler Amyloidlast, wobei sich die starkste Korrelation frontobasal im
linken Brodmann-Areal 11 abgrenzen lie. Zerebellar konnte dagegen keine

signifikante Korrelation gefunden werden.

Zwischen den striatalen und kortikalen Arealen mit signifikanter Korrelation sind
anatomische sowie funktionelle Verbindungen bekannt. Dies legt die These nahe, dass
die Amyloid-Verteilung im Gehirn funktionellen und anatomischen Verknupfungen
folgt. Zuklnftige, longitudinale Studien konnen helfen, die Verteilungsmuster im

longitudinalen Verlauf besser zu verstehen.

Der zweite Teil der vorliegenden Promotionsarbeit beschaftigt sich mit dem Einfluss
selektiver Serotonin-Reuptake-Inhibitoren (SSRI) auf die kognitive Leistungsfahigkeit,
Atrophie der grauen Substanz und Amyloidlast bei Patienten mit einer Demenz vom

Alzheimer Typ oder mit einer leichten kognitiven Stérung im 2-Jahres-Verlauf.

Praklinische Studien legten im Maus-Modell nahe, dass die Gabe von SSRI die
Amyloidogenese verzogern kann. Basierend auf dieser These untersuchten wir
retrospektiv den Einfluss einer SSRI-Therapie auf die zerebrale Amyloidlast, kognitive
Leistungsfahigkeit und Atrophie der grauen Substanz in subsyndromal depressiven
Patienten mit MCI oder AD im 2-Jahres-Verlauf. Es wurden 256 Patienten aus der
ADNI-Datenbank untersucht, hiervon 225 mit MCI und 31 mit einer Demenz vom
Alzheimer-Typ. Diese Patienten hatten sowohl ein Amyloid-PET als auch ein MRT zur
Baseline und im 2-Jahres-Follow-Up. Des Weiteren wurden die Patienten mit
depressiver Symptomatik unterteilt in Patienten mit (N = 24) respektive ohne (N = 49)

SSRI-Medikation.

24



Die Entwicklung der kognitiven Leistungsfahigkeit wurde mithilfe der Differenz des
ADAS vom Baseline- zum Follow-Up-Zeitpunkt dargestellt. Die Amyloid-Ablagerung
wurde durch das Amyloid-PET quantifiziert mit der weillen Substanz als
Referenzregion. Die Analysen wurden jeweils unter Einbezug der Kovariablen Alter,
Geschlecht, Bildungsjahre, ApoE4-Status durchgefihrt. Erganzend wurden die

Analysen auch in der Subgruppe der Amyloid-positiven Patienten durchgefuhrt.

Patienten mit depressiver Symptomatik unter SSRI-Behandlung zeigten einen
signifikant geringeren Abfall der kognitiven Leistungsfahigkeit im 2-Jahres-Verlauf im
Vergleich zu Patienten mit depressiver Symptomatik, die keine SSRI-Behandlung
erhalten haben. Dabei konnte kein Zusammenhang mit der Amyloidlast zur Baseline
nachgewiesen werden. Im 2-Jahres-Verlauf konnten nur angedeutete, nicht
signifikante Trends eines positiven Einflusses der SSRI-Medikation auf die Amyloidlast

gezeigt werden.

Die vorliegenden Ergebnisse weisen darauf hin, dass Patienten mit einer leichten
kognitiven Stérung oder einer Alzheimer-Demenz bezuglich der kognitiven
Leistungsfahigkeit von einer Therapie mit SSRI profitieren. Das morphologische
Korrelat hierzu waren geringere Atrophieraten der grauen Substanz in Patienten mit
SSRI-Behandlung. Aufgrund der verhaltnismaRig geringen Anzahl mit SSRI
therapierter Patienten bei subsyndromaler Depression legen unsere Ergebnisse nahe,
das Augenmerk zunehmend auf die ausreichende, medikamentdse Behandlung einer
depressiven Symptomatik zu legen, auch wenn keine manifeste Depression vorliegt,

um das kognitive Outcome zu verbessern.
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4. Summary
In this dissertation, positron emission tomography (PET) was used to investigate
cerebral amyloid distribution in terms of distribution pattern and longitudinal course,

especially in patients with subsyndromal depression and SSRI therapy.

In the first part of the present dissertation, the relationship between striatal and cortical
amyloid load was investigated to better understand the pattern of cerebral amyloid load
spread and the regional cerebral connections. For this purpose, 73 amyloid-positive
patients with neurodegenerative disease with a mean age of 71.5 + 1.4 years were
included. The neurodegenerative diseases included Alzheimer's dementia (AD,
N = 34), mild cognitive impairment (MCI) due to AD (N = 26), frontotemporal lobar
degeneration (N = 2), Parkinson's disease (N = 2), Lewy body dementia (N = 5), and
patients with dementia symptoms of unclear etiology (N = 4). All patients received both

glucose PET and amyloid PET examination with 11C-PiB of the brain.

For the 11C-PiB PET scans, an average dose of 555 £+ 185 MBq of 11C-PiB was
applied intravenously and images were acquired dynamically over 70 minutes from the
time of application. For analysis, the PiB-PET images were co-registered to the
individual FDG-PET images and then spatially normalized. Furthermore, the images
were smoothed and normalized to the cerebellum. Based on this, voxel-wise analysis
was performed using SPM8, and multiple regression was used to identify both possible

positive and negative correlations.

The results revealed significant, exclusively positive correlations between striatal and
cortical amyloid load, with the strongest correlation delineated frontobasally in the left

Brodmann area 11. In contrast, no significant correlation could be found cerebellar.
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Anatomical as well as functional connections are known between the striatal and
cortical areas with significant correlation. This suggests that amyloid distribution in the
brain follows functional and anatomical linkages. Future longitudinal studies may help

to better understand the distribution patterns in the longitudinal course.

The second part of the thesis focuses on the influence of selective serotonin reuptake
inhibitors (SSRI) on cognitive performance, gray matter atrophy, and amyloid load in

patients with Alzheimer-type dementia or mild cognitive impairment at 2-year follow-

up.

Preclinical studies suggested in a mouse model that SSRI administration may delay
amyloidogenesis. Based on this hypothesis, we retrospectively examined the impact
of SSRI therapy on cerebral amyloid load, cognitive performance, and gray matter
atrophy in subsyndromal depressed patients with MCI or AD over a 2-year course. 256
patients from the ADNI database were studied, of whom 225 had MCI and 31 had AD-
type dementia. These patients had both amyloid PET and MRI at baseline and 2-year
follow-up. Furthermore, patients with depressive symptoms were subdivided into

patients with (N = 24) and without (N = 49) SSRI medication, respectively.

The cognitive performance was shown using the difference in ADAS from baseline to
follow-up. Amyloid deposition was quantified by amyloid PET with white matter as the
reference region. In each case, analyses were performed including the covariates age,
sex, years of education, ApoE4 status. Supplementary analyses were also performed

in the subgroup of amyloid-positive patients.

Patients with depressive symptomatology receiving SSRI treatment showed a
significantly lower decline in cognitive performance over the 2-year course compared

with patients with depressive symptomatology who did not receive SSRI treatment. No
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association with amyloid load at baseline was demonstrated. In the 2-year course, only
suggested nonsignificant trends of a positive influence of SSRI medication on amyloid

load could be shown.

The present results indicate that patients with mild cognitive impairment or AD benefit
from SSRI therapy with respect to cognitive performance. The morphological correlate

of this was lower gray matter atrophy rates in patients with SSRI treatment.

Because of the relatively small number of patients treated with SSRI for subsyndromal
depression, our results suggest that increasing attention should be paid to adequate
drug treatment of depressive symptomatology, even in the absence of manifest

depression, in order to improve cognitive outcome.
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Abstract

Purpose In subjects with amyloid deposition, striatal accumulation of ''C-Pittsburgh compound B (PiB) demonstrated by
positron emission tomography (PET) is related to the stage of Alzheimer’s disease (AD). In this study, we investigated the
correlation between striatal and cortical non-displaceable binding potential (BPyp,).

Methods Seventy-three subjects who complained of cognitive disturbance underwent dynamic PiB-PET studies and showed
positive PiB accumulation were retrospectively selected. These subjects included 34 AD, 26 mild cognitive impairment, 2
frontotemporal lobar degeneration, 2 Parkinson’s disease, 5 dementia with Lewy bodies, and 4 undefined diagnosis patients.
Individual BPy, images were produced from the dynamic data of the PiB-PET study, and voxel-based analyses were per-
formed to estimate the correlations between striatal and other regional cortical BPy, measures.

Results There were highly significant correlations between striatal and prefrontal BPy,, with the highest correlation being
demonstrated in left Brodmann area 11. We found that almost all of the high cortical BPyy, values correlated with striatal
BPy, values, with the exception of the occipital cortex with low correlation.

Conclusion Our study demonstrated positive correlations in amyloid deposits between the striatum and other cortical areas
with functional and anatomical links. The amyloid distribution in the brain is not random, but spreads following the func-
tional and anatomical connections.

Keywords Dementia - Alzheimer’s disease - !'C-PiB-PET - FDG-PET - Amyloid deposit - Striatum

Introduction

In this time of ageing populations, the number of patients
with Alzheimer’s disease (AD) and dementia is increasing,
with a global total of 35.6 million in 2010, which is forecast
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to reach 66 million by 2030 [1]. As this implies an enormous
burden on health care systems, much effort has been put
into research on the pathophysiology of AD. It is known
that AD is characterized by the presence of amyloid plaques
and neurofibrillary tangles, as well as the significant loss of
neurons [2-4].

To detect the pathology of AD, amyloid imaging trac-
ers such as ''C-Pittsburgh compound B ('C-PiB) have
been developed for in vivo PET imaging [5]. These tracers
allow cerebral cortical accumulation to be shown in many
patients with AD [6] and other AD-related diseases. ''C-
PiB is a thioflavin-T derivative with a small molecular size
that is able to bind to amyloid proteins [5, 7, 8]. Amyloid
accumulation in dementia subjects is mainly apparent in
the posterior parietal regions, precuneus, and frontal cor-
tex [9]. Not only cortical, but also striatal uptake of ''C-
PiB has been observed in AD patients, with a robust corre-
lation being found between amyloid deposits in the ventral
striatum and the medial part of the orbitofrontal area [10].

@ Springer
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Previously, we reported that PiB-accumulation-positive
subjects with high striatal PiB uptake have an increased
mean cortical standard uptake value ratio (SUVR) in com-
parison with PiB-positive subjects without striatal uptake,
suggesting that high amyloid deposition in the striatum
is linked to amyloid deposition within the frontal region,
which may occur later in the course of AD progression
[11]. In this study, we aimed to further investigate this
connectivity between striatal and regional cortical PiB
uptake: amyloid pathology, using non-displaceable bind-
ing potential (BPy;,) images obtained from !'C-PiB-PET
with dynamic scanning; these reflect the clear binding of
PiB tracer in equivocal PiB accumulation subjects [12].

Materials and methods
Patient population

This retrospective study included 73 patients (31 men and
42 women; mean age +SD, 71.5+2.1 years; mean Mini-
Mental State Examination score, 21.7 + 1.4) who under-
went both an ''C-PiB dynamic PET study and a 2-deoxy-
2-[13] fluoro-D-glucose (FDG)-PET study. All of the
subjects with amyloid positive deposition were selected
from those included in the previous study by Scheiwein
etal. [11]. Amyloid positive deposition (PiB-positive) was
evaluated in four cortical regions, including bilateral fron-
tal, parietal, and temporal lobes, and bilateral precuneus/
posterior cingulate gyri. PiB-positive images were defined
as those having higher accumulation in the cerebral cortex
than in the white matter (non-specific accumulation area)
and PiB-negative images were defined as those having
no cortical accumulation [11]. The 73 subjects included
34 with AD (46.6%), 26 with mild cognitive impairment
(MCI) due to AD (35.6%), 2 with frontotemporal lobar
degeneration (2.7%), 2 with Parkinson’s disease (2.7%),
5 with Lewy body disease (6.8%), and 4 with no clear
diagnosis (5.5%) after 2 year follow-up. The diagnostic
criteria of the Neurological and Communicative Disorders
and Stroke—Alzheimer’s Disease and Related Disorders
Association for AD [14] were used to assess the patients,
as well as the third report of the Dementia with Lewy
Bodies Consortium for DLB [15]. The subjects with mild
cognitive impairment and frontotemporal lobar degenera-
tion fulfilled the published criteria [16, 17]. All subjects
underwent '*F-FDG-PET scanning within 1-175 days
(mean, 15.2 days; median, 12 days) of the ''C-PiB-PET
scanning. The institutional ethics committee approved
this study, and all subjects or guardians signed a written
informed consent form.

@ Springer

Data acquisition

The ''C-PiB-PET and '*F-FDG-PET data acquisitions
were similar to those described in a previous study [18,
19]. PET scans were performed on a PET scanner (ECAT
Accel; Siemens AG; Erlangen, Germany) in 3-dimensional
mode. The ''C-PiB data were continuously acquired for
70 min after intravenous administration of 555+ 185 MBq
of ''C-PiB. For '*F-FDG-PET, the subjects were instructed
to fast for at least 4 h prior to the scan and they were asked
to lie quietly in a dimly lit room with their eyes open and
minimal sensory stimulation. A 30-min emission scan was
acquired, starting 30 min after intravenous injection of
185 MBq of '*F-FDG.

Image processing

The BPy, images were analysed with the PMOD soft-
ware package (version 3.308; PMOD Technologies Ltd.,
Ziirich, Switzerland), using the full set of dynamic data
(0—70 min after injection). Parametric images of regional
11C-PiB uptake (BPyp, images) were generated using
Logan graphical analysis, with reference to the cerebellar
cortex [20]. This time we used reference Logan graphical
analysis without the k2 at the reference region with the
PMOD software.

Statistical analysis

Voxelwise analyses were performed by co-registering the
PiB-PET images to the individual FDG-PET images using
the statistical parametric mapping software (SPM8: Well-
come Trust Centre for Neuroimaging, University College
London, London, UK; http://www.fil.ion.ucl.ac.uk/spm/
software/spm8/). First, individual’s BPy, images were co-
registered to their FDG-PET image. Next, the FDG-PET
image was spatially normalised to the Montreal Neuro-
logic Institute standard-space template (MNI space). Fol-
lowing this, the BPy, images were also spatially normal-
ised, using the individual transform from the FDG-PET
spatial normalisation.

All BPy, and FDG-PET images were smoothed with
an isotropic 8 mm Gaussian kernel to increase the sig-
nal-to-noise ratio and compensate for differences in gyral
anatomy between individuals. Individual FDG images
were normalised by the global FDG uptake, while the
individual BPy, values were normalised by the cerebellar
BPy, values.

Voxelwise analysis using SPM8 was performed to find
regional correlations between striatal and cortical BPyy,.
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This involved a multiple regression to assess both positive
and negative correlations. A p value of less than 0.05 fami-
lywise error corrected (FWE) for multiple comparisons
was considered to be statistically significant.

Results

The voxelwise analyses using multiple regression showed
significant positive correlations but no negative ones. A
comparison of striatal and cortical BPy, values revealed a
highly significant correlation between the striatum and pre-
frontal cortex. The highest correlation with striatal values
occurred in the left Brodmann area (BA) 11 (p <0.05 FWE
corrected), with the MNI coordinates of the peak level voxel
being x=—5 mm, y=38 mm, and z=—10 mm (t=17.58).
The right BA11 also showed a strong correlation with stri-
atal values. Further strong correlations were also found with
bilateral BA 32, 9, and 10. The significant results are listed
in detail (BA, MNI coordinates, and ¢ values) in Table 1.
Figure 1 shows that almost all of the cortical BPy, values
correlated with striatal BPy, values, with the exception

of the cerebellar BPy, value. The strongest correlation in
the basal frontal area is demonstrated by a dark red colour
overlaid onto a rendered MR image. Correlations with the
occipital cortices were low.

Representative case (Fig. 2): A 72-year-old male with
AD, his MMSE score is 19. BPyy, of the left striatum is
larger than that of the right striatum. They are correlated
with each frontal BPy, but are not correlated with each
temporal BPy,: the left frontal BPyy, is larger than the right
frontal BPyy,, though the left temporal BPyy, is smaller than
the right temporal BPy,. The precuneus BPyy, is also corre-
lated with striatum BPy,, but the accumulation in the precu-
neus is larger than that in the striatum or in the frontal lobe.

Discussion

Several studies have revealed an increased uptake of !'C-
PiB in AD, not only in cortical areas such as the posterior
cingulate and frontal, parietal, and lateral temporal cortices,
but also in the striatum [21, 22]. There is a specific chrono-
logical order of amyloid-beta (Abeta) deposition in the brain.

Table1 Statistically significant

. 2 Brodmann area Brain region Side Coordinates t values

correlations between striatal and —

cortical binding potential X Y VA
BA 11 Orbitofrontal cortex 1 -9 33 -9 17.49
BA 11 Orbitofrontal cortex r 1 26 -12 16.80
BA 32 Dorsal anterior cingulate cortex (DACC) 1 -8 35 11 15.46
BA 32 Dorsal anterior cingulate cortex (DACC)  r 11 37 7 15.24
BA 45 Broca’s area r 32 25 6 14.43
BA9 Dorsolateral/ medial prefrontal cortex 1 =37 21 25 14.26
BA9 Dorsolateral/ medial prefrontal cortex T 37 28 24 14.15
BA 46 Dorsolateral prefrontal cortex (DLPFC) r 37 39 13 14.10
BA 31 Dorsal posterior cingulate 1 -1 -55 29 14.09
BA 10 Prefrontal cortex 1 -33 43 3 13.88
BA 10 Prefrontal cortex ) 7 46 -11 13.46

Fig.1 Significant correlations
in the BP, of the striatum and
cortical areas
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Fig.2 Representative BPyp,
image of a patient with Alz-
heimer disease. Each unilateral
striatum BPy, is correlated

with each frontal BPy, but not
correlated with each temporal
BPyp,. Bilateral precuneus BPyp,
is also correlated with each
striatum BPyp, but the uptake in
the precuneus is larger than that
in the striatum or frontal lobe

At first, Abeta deposition is found in the neocortex, with
allocortical brain regions becoming additionally involved
later on, before the third of five phases, where the deposi-
tion expands into the striatum [23]. Early stages may not,
therefore, show an increased uptake of PiB, but the more
advanced the beta-amyloidosis is, the more likely it is that
the striatum is affected, in addition to the cortical regions.
Given this background, our study set out to investigate the
connections between striatal and cortical BPy,.

A similar study by Ishibashi et al. aimed to examine the
striatal distribution pattern of PiB-SUVR in detail, while,
furthermore, looking for a correlation between striatal and
cortical uptake [10]. However, while they used SPSS and
static ''C-PiB images (SUVR images) for the voxel-based
analysis, our study used voxel-based analysis with BPy,
images, which reflect amyloid deposition more accurately
than SUVR images. This time we used Logan plot analysis
for BPy, images, because we thought that it is as optimal as
other analysis methods, however, Yaqub et al. reported that
receptor parametric mapping (RPM)2 and multi-linear refer-
ence tissue models (MRTM)2 in their study were provided
with the best accuracy and precision in the simulation stud-
ies and are, therefore, the methods of choice for parametric
analysis of clinical ''C- PiB studies [24]. Using Logan plot
analysis, noise in tissue time activity curve (tTAC) leads
to underestimating the estimated distribution volume [25].
ROI analysis can reduce the noise in tTAC, but it cannot
make analysis of the whole brain regions; therefore, we used

@ Springer

voxel-by-voxel Logan graphical analysis. Therefore, this
study with Logan plot analysis may have a limitation and
we would like to entrust further study using better analysis
as Yaqub et al. suggest.

Ishibashi et al. found the highest SUVR in the ventral
striatum, and this strongly correlated with PiB uptake in the
medial part of the orbitofrontal area, a region corresponding
to BA 11 and 12. We also found that the two strongest cor-
relations occurred between the striatum and the left and right
BA 11. This brain area participates in learning mechanisms,
especially distinction learning [26]. Even though the connec-
tions between the orbitofrontal cortex (OFC) and striatum
are still not fully understood, there are a number of stud-
ies that have investigated them. It is believed that there is
an anterograde distribution into areas that receive neuronal
input from those areas that are already affected by Abeta
deposition [23]. Corresponding to this finding, the striatum
receives input from the OFC, as previously revealed by a rat
study [27]. According to the study, the OFC has an impor-
tant role in making decisions on the biological significance
of associative information, while the input of the hippocam-
pus may remain unfiltered. The OFC also has an important
role in stimulus-reward learning [28].

The striatum has been shown to be essential for deci-
sion-making [29]. As both the striatum and orbitofrontal
cortex play a major role in decision-making [30], this task
may be an important aspect of the relationship between
the striatum and orbitofrontal cortex. Furthermore, the
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dorsolateral prefrontal cortex (BA 46) is also important
for decision-making, and correlates significantly with the
amyloid load of the striatum [31]. Several studies have
shown that decision-making is impaired in people diag-
nosed with MCI, while this is even more so in AD patients
[32]. Therefore, the clinical symptoms of dementia corre-
spond with our finding of a significant correlation between
the striatum and cortical areas, which are responsible for
decision-making.

Another highly significant correlation was found
between bilateral BA 32 and the striatum (Table 1). BA
32 is also part of the prefrontal cortex, and represents the
dorsal anterior cingulate. The anterior cingulate cortex
(ACC) shows reduced glucose metabolism in depressed
individuals [33], and therefore, it is assumed to be vul-
nerable to depression [34]. A previous study found close
links between the ACC and striatum in depressed patients,
including significant functional connectivity (measured
using functional magnetic resonance imaging) between
the ACC and striatum, as well as orbitofrontal cortex [35].
This further strengthens our reasoning that the strong cor-
relation between cortical amyloid accumulation and stri-
atal amyloid deposition is not random, but reflects func-
tionally related areas.

Furthermore, we detected a significant correlation
between striatal BPyy, and BPy, in the right BA 45. This
area represents Broca’s area, the centre of speech, and lan-
guage production [36].

Other significant correlations were found between the
striatum, and bilateral BA 9 and 10 in the prefrontal cor-
tex. This part of the prefrontal cortex appears to play a part
in idiomatic sentence processing [37] and remembrance of
the past experiences [38].

BA 31 (part of the posterior cingulate cortex) is impor-
tant for cognition, and probably also has a role in control-
ling attentional focus [39]. As the striatum plays an impor-
tant role in cognitive functioning [40, 41], the significant
correlation between BA 31 and the striatum may reflect a
connection between these two areas of the brain.

This study has some limitations. First, various types and
stages of dementia were included. It is difficult to find typi-
cal patterns for one disease, e.g., AD; however, the study
does show general correlations in patients with dementia.
Furthermore, as Ishibashi et al. [10] demonstrated, there
appear to be different connections, depending on the area
of the striatum. As we did not distinguish between differ-
ent areas of the striatum, we only could find significant
correlations with respect to the whole striatal amyloid
load, not with regard to intra-striatal differences. Further
studies to reveal the fine details of how the functional and
anatomical networks vary between each region of the stria-
tum and cortex will, therefore, be helpful.

Conclusions

Our study found several positive correlations between the
striatum and cortical areas with functional and anatomical
links to the striatum. We, therefore, think that the amyloid
distribution in the brain is not random, but depends on,
and may spread because of, the functional and anatomical
connections.
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Abstract. Late-life depression, even when of subsyndromal severity, has shown strong associations with mild cognitive
impairment (MCI) and Alzheimer’s disease (AD). Preclinical studies have suggested that serotonin selective reuptake
inhibitors (SSRIs) can attenuate amyloidogenesis. Therefore, we aimed to investigate the effect of SSRI medication on
amyloidosis and grey matter volume in subsyndromal depressed subjects with MCI and AD during an interval of two years.
256 cognitively affected subjects (225 MCV/ 31 AD) undergoing ['*F]-AV45-PET and MRI at baseline and 2-year follow-up
were selected from the ADNI database. Subjects with a positive depression item (DEP(+); n=73) in the Neuropsychiatric
Inventory Questionnaire were subdivided to those receiving SSRI medication (SSRI(+); n=24) and those without SSRI
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ging Correlates of SSRI Treatment in MCI and AD

DEP(+)/SSRI(-) subjects (A-ADAS: +18.6%, p < 0.05), independent of amyloid SUVRyyy at baseline. With SSRI treatment,
the progression of grey matter atrophy was reduced (—0.9% versus —2.7%, p <0.05), notably in fronto-temporal cortex. A
slight trend towards lower amyloid deposition rate was observed in DEP(+)/SSRI(+) subjects versus DEP(+)/SSRI(-). Despite
the lack of effect to amyloid PET, SSRI medication distinctly rescued the declining cognitive performance in cognitively
affected patients with depressive symptoms, and likewise attenuated grey matter atrophy.

Keywords: Alzheimer’s disease, amyloid PET, depressive symptoms, grey matter volume, SSRI

INTRODUCTION

Multiple studies have revealed that late-life depres-
sion is associated with increased risk for mild
cognitive impairment (MCI) [1, 2] and Alzheimer’s
disease (AD) [2, 3]. Furthermore, there is evidence
that co-morbid subsyndromal depression has signifi-
cant detrimental effects on disability in MCI patients
assessed with the Functional Assessment Question-
naire [4], which emphasizes the need for addressing
depression in geriatric health care programs, even
when occurring at subsyndromal severity.

With the development of [ISF]-ﬂuon"nated positron
emission tomography (PET) ligands for amyloid-$
(AB-PET), there has emerged a greater understanding
of the progression of AD pathology [5, 6]. Individuals
can be subdivided into A positive (AB+) or negative
(AB-) groups even at an early disease stage before
the onset of frank clinical symptoms of dementia [7].
This innovation led to multiple investigations aiming
to enlighten the link between depressive symptoms
and AD pathology by measuring non-invasively the
amyloid burden in brain of patients with cognitive
symptoms. Wu and colleagues found that a life-
time history of major depression is associated with
increased amyloid burden in the brain of healthy indi-
viduals (HC) [8], and that patients with comorbidity
of major depression and MCI have greater amyloid
burden when compared to age-matched major depres-
sion patients [9].

We earlier found that AB(+) subjects with MCI
and concurrent subsyndromal depression showed a
higher fronto-temporal amyloid load and a faster
conversion to AD than did non-depressed MCI indi-
viduals [10]. The converse relationship may also
hold; others observed a 4.5-fold increased risk in
healthy controls for developing depressive symptoms
during a 4-year observation period when amyloid
pathology was present in the brain at baseline [11].
However, there are also findings not supporting an
association between cortical amyloid burden, cogni-
tive dysfunction, and depressive symptoms in MCI
and AD patients [12].

The generally accepted link between depression,
amyloid pathology, and progression of dementia
raises the important question of whether demen-
tia symptoms could potentially be ameliorated by
treatment with antidepressants. A very recent meta-
analysis including only the small number of relatively
low-powered studies in patients with dementia indi-
cated neither cognitive benefit nor harm from
treatment with serotonin selective reuptake inhibitors
(SSRIs) [13]; the authors emphasized the need for
sufficiently powered studies of this intervention strat-
egy. Given the clinical heterogeneity of geriatric
depression [14], well-designed, large-scale amyloid
PET imaging studies might be suitable to clarify
the association between depression, amyloid pathol-
ogy, and therapeutic effects of SSRI treatment [15].
Intriguingly, lower amyloid burden was observed by
['1C]-PiB PET in healthy controls with a history of
SSRI intake when compared to SSRI-naive control
subjects [16]. Importantly, that cross-sectional inves-
tigation also found a negative correlation between
amyloid burden and duration of previous SSRI intake.
In support of a causal relationship, a recent pre-
clinical study of prospective design revealed that
treatment with the SSRI citalopram arrested further
growth of pre-existing plaques and inhibited new
plaque formation by 78% in aged transgenic AD
mice [17].

Given this background, we aimed to investigate the
influence of SSRIs use on longitudinal neuroimaging
findings of amyloid load and brain volume in con-
junction with cognitive assessment. Therefore, we
analyzed longitudinal AB-PET data over a 2-year
period in MCI or AD individuals with either presence
or absence of depressive symptoms, and documenta-
tion of SSRI treatment.

MATERIAL AND METHODS
Alzheimer’s disease neuroimaging initiative

Data used in the preparation of this article
were obtained from the Alzheimer’s Disease
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Neuroimaging  Initiative = (ADNI)  database
(http://adni.loni.usc.edu). The ADNI was launched
in 2003 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 emis-
sion tomography (PET), other biological markers,
and clinical and neuropsychological assessment can
be combined to measure the progression of MCI and
early AD. Data from ADNI-GO/-2 were included in
this work as available on March 3, 2015. ADNI-GO
contains 700 subjects, of whom 200 showed the
mildest symptomatic phase of AD (EMCI). 500 are
healthy controls, together with MCI patients from
the ADNII collective. The ADNI-2 dataset consists
of 1350 subjects, consisting of the 700 subjects of
the ADNI-GO dataset with addition of 150 new
normal controls, 150 new early MCI cases, and 200
late MCI and mild AD patients.

Patient selection and study design

On the database cut-off date, 409 subjects in
total with either healthy cognition (HC), MCI, or
AD diagnosis had received ['8F]-AV45 PET and
T1w MRI at baseline and 2-year follow-up (24 +2.5
months) within ADNI-GO/ADNI-2. The discrimina-
tion between HC, MCI, and AD was made following
the Mini-Mental State Examination (MMSE; score
0-30) as well as the Clinical Dementia Rating (CDR;
score 0-3) and clinical criteria. MMSE from 24 to
30 and CDR of 0 are defined as HC, MMSE from
24 to 30 and CDR of 0.5 plus objective memory loss
and preserved activities of the daily living were des-
ignated as MCL Patients with diagnosis of AD show
MMSE of 20-26, CDR of 0.5 to 1.0, and otherwise
meet the NINCDS/ADRDA criteria for probable AD.

Apolipoprotein E4 (ApoE4) status was compiled
together with gender and education level (years),
while age, NPI-Q score, Assessment Scale (ADAS;
score 0-70), and Mini Mental State Examination
(MMSE; score 0-30) were recorded at the time of
the PET scans.

All subjects were stratified in the following groups:

A) Dementia symptoms: According to the diag-
nosis at baseline, all subjects were divided into
cognitively affected (MCI or AD) and unaffected sub-
jects (HC). The group of MCI and AD was further
divided according to the two following subgroups on
the basis of depression symptoms.

B) Depressive symptoms: Subsyndromal depres-
sion was diagnosed in accordance with item #4

ging Correlates of SSRI Treatment in MCI and AD 795

(depressive symptoms) of the NPI-Q [18] at the time
of the baseline PET scan. A positive score on item
#4 indicated depressive symptoms (DEP(+)), and
negative indicated absence of depressive symptoms
(DEP(-)).

C) SSRI medication: Longitudinal 2-year SSRI
treatment was assessed from the medication file in the
ADNI documentation, while individual dosage was
not considered. All subjects receiving SSRI treatment
at baseline and follow-up without discontinuation
of the drug were considered as treated (SSRI(+)),
whereas all other subjects were categorized as non-
treated (SSRI(-)).

According to the categories named above, the
following three subcategories were examined (in
brackets there are the numbers of MCI-/AD-cases):

L. DEP(+)/SSRI(+) n=24 (MCL n=22 (91.7%);
AD: n=2 (8.3%))
IL. DEP(+)/SSRI(-) n=49 (MCL n=42 (85.7%);
AD: n=7 (14.3%))
III. DEP(-) n=183 (MCL n=161 (88.0%); AD:
n=22 (12.0%))

D) Brain amyloid burden: All PET analyses were
performed separately in all subjects and likewise in
the subgroup of AB(+) subjects, aiming to score the
presence of significant AD-typical amyloid burden
in relation to newly proposed diagnosis criteria [19].
AB(+) and AB(-) ['8F]-AV45-PET status was defined
in accordance with our calculated threshold of 0.77
for the standardized uptake value ratio (SUVR). For
the SUVR calculation, individual gray matter VOIs
of frontal, parietal, temporal and precuneal/posterior
cingulate gyrus were summed to form a composite
(COMP) VOIL The SUVR then was calculated by
dividing the mean COMP SUV by the mean reference
SUV of the white matter, as this reference region is
previously shown to provide the highest discrimina-
tion between HC and AD for this tracer [20]. Figure 1
illustrates the study design.

Image data

ADNI ['8F]-AV45-PET acquisition and
pre-processing

The ['8F]-AV45-PET images had been acquired
using Siemens, GE, and Philips PET scanners accord-
ing to a standard dynamic 50-70min protocol
following the intravenous injection of 370 4+ 37 MBq
of ['8F]-AV45. Data were corrected for both scat-
ter and measured attenuation, which was determined
using the CT scan for PET/CT scanners, or a transmis-
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Fig. 1. Stratification of 409 subjects with ['8F]-AV45-PET and T1w MRI at baseline- and 2-year-follow-up-PET scan. The numbers of
AB(+) subjects for each group are indicated in brackets. All subjects were first categorized according to their diagnosis as MCI, AD and HC
subjects. Subsequently, the NPI-Q was used to subdivide the MCI and AD group into subsyndromal depressed (DEP(+)) and non-depressed
(DEP(-)) subgroups. The 73 MCI/AD subjects with depressive symptoms were further subdivided according to their SSRI treatment. Subjects

included in the analysis are highlighted in red.

sion scan with [*8Ge] or [1*7Cs] rotating rod sources
for PET-only scanners. Images were reconstructed
using scanner-specific algorithms, and sent to the
University of Michigan, where they were reviewed
for artifacts and transmitted to the Laboratory of Neu-
rolmaging (LONI) for storage.

Downloaded [!3F]-AV45-PET images in DICOM
format had been preprocessed in four steps: 1) motion
correction by co-registration of single 5-emin frames,
2) time frame averaging (50-70min p.i.), 3) co-
registration of longitudinal data to the baseline scan
and reorientation in a standardized 160 x 160 x 96
matrix with 1.5 mm cubic voxels, and 4) smoothing
with a scanner-specific filter function to an isotropic
resolution of 8 mm, which is the ADNI standard
designed to generate comparable images from differ-
ent tomographs; this resolution represents the lowest
resolution among scanners used in ADNIL

ADNI MRI acquisition and pre-processing
T1-weighted MRI scans had been acquired using
Siemens, GE, or Philips MRI scanners according to
a standard protocol [21] involving acquisitions of
two 3D MPRAGE imaging sequences per subject. Of
the two images acquired per subject and time-point,
the ADNI quality assurance team selected the bet-
ter image for preprocessing, based on the presence
and severity of commonly-occurring image artifacts.
MRI preprocessing involved: 1) application of a

scanner-specific correction for gradient nonlinearity
distortion (Gradwarp) [22]; 2) correction for image
intensity non-uniformity (B1) [21]; 3) histogram peak
sharpening algorithm for bias field correction (N3)
[23]; 4) application of spatial scaling factors obtained
by phantom measurements. For images acquired on
Philips scanners, B1 correction was already imple-
mented, and the gradient systems with this instrument
tended to be linear [21]. More details on MRI image
processing can be obtained from a previous investi-
gation deriving from the ADNI cohort [24].

Image processing and analysis

The automated processing of the ADNI MRI and
PET data, including quality control procedures, was
performed in PNEURO (V 3.5, PMOD technolo-
gies, Basel, Switzerland) as previously described in
detail [20]. In brief, T1-weighted MRI data were
transferred into the Montreal Neurological Institute
(MNI) standard space and subsequently segmented
into gray matter, white matter, and cerebrospinal fluid
(CSF). Segmented gray matter of each subject was
further subdivided into 83 individual VOIs accord-
ing to the brain atlas of Hammers [25]. Individual
bilateral grey-matter VOIs of frontal (FRO), pari-
etal (PAR), and temporal (TEMP) cortices, as well
as the precuneal/posterior cingulate gyrus (PCC),
and a composite (COMP) VOI, were used for
the calculation of white matter-scaled individual
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standard-uptake-value-ratios (SUVR) for each of the
VOIs, which represent weighted sums of single VOIs.
Results were obtained in PET native space after VOI-
based partial volume effect correction (PVEC) using
the method of Rousset [26] (Supplementary Fig-
ure 1), given that atrophy is especially apt to influence
PET results in (cognitively-impaired) subjects with
depressive symptoms [27]. Volumes (cm?) of all grey
matter VOIs were determined in MNI space. Sub-
jects with failed PET processing were excluded prior
to inclusion is this study (based on the experience
with the dataset), and strong artifacts were masked
[20, 27, 28].

Data analysis and statistics

PET SUVR values and grey matter volumes
deriving from the VOIs (FRO, PAR, TEMP, PCC,
and COMP), as well as cognition score (ADAS)
were compared between the three different subject
groups at baseline (BL) and calculated as abso-
lute/percent change at the 2-year follow-up scan
(absolute delta (A) / relative delta A%). Multivariate
analysis of covariance (MANCOVA) with PET
SUVR, grey matter volumes and cognition scores
(ADAS) as dependent variables was performed
with SPSS, version 23.0 (IBM, Chicago, IL). For
BL analyses, subject age, ApoE-e4 status, gender,
and education level were used as covariates. For
longitudinal analysis, BL amyloid burden (PET
SUVR), and BL ADAS scores were included as
additional covariates to minimize dispersion due to
variable pathology burden at BL. Direct compar-
isons of main effects between the three groups after
MANCOVA were performed using a Bonferroni
correction per comparison. P values <0.05 were
deemed significant after Bonferroni correction. The
relationship between each subject’s global amyloid
burden (COMP) at BL and longitudinal changes in
PET SUVR, grey matter volume, and ADAS scores
was investigated by applying linear, logarithmic,
and quadratic regression analyses as implemented in
SPSS. In cases giving several statistically significant
fits (p <0.05), the best fitting model was identified
by applying the Akaike information criterion (AIC)
[29]. P values <0.1 were defined as a trend.

Necessary sample sizes for potential clinical tri-
als of SSRI treatment versus placebo in cognitively
affected patients were computed for DEP(+) patients.
Longitudinal changes in ADAS and global grey
matter volume were used as outcome parameter.
Calculation was based on a r-test statistic with

assumptions for a type I error a = 0.05 and a power of
0.8. We note that this sample size calculation assumed
a uniform mean effect on all subjects of a potential
trial.

RESULTS

Demographics, cognition, and imaging values at
baseline

There were no significant differences in age, gen-
der, education, or ApoE &4 status between the patient
groups with and without depressive symptoms. Cog-
nition as measured by ADAS was nearly equal
between subgroups. The only significant group differ-
ence indicated less years of education in patients with
SSRI-treatment compared to those with subsyndro-
mal depression but without treatment (Table 1). 24/73
(33%) of the subjects were treated with an SSRIL.

Regarding amyloid burden and grey matter vol-
umes at BL, there were no significant differences
between patient groups. All BL imaging values are
provided in Supplementary Tables 1-2.

Longitudinal analysis of cognition

Comparing the DEP(+) and DEP(-) groups, we
saw no significant differences in longitudinal changes
in cognition (ADAS absolute-A: +1.0/relative- A-%:
+6.5% versus ADAS absolute-A: +1.3 / relative-A-
%: +8.5%). Considering only those DEP(+) subjects
receiving an SSRI treatment, we saw improvement
in cognition, as indicated by a decrease in ADAS
(absolute-A: 0.8 / relative-A-%: —5.0%), whereas
the non-treated DEP(+) group deteriorated in cogni-
tion over the span of two years (absolute-A: +2.9 /
relative-A-%: +18.6% (p=0.013; MANCOVA, Bon-
ferroni adjusted; Fig. 2). In the subgroup analysis of
only AB(+) subjects, the same trend of longitudinal
changes in ADAS was observed, although the dif-
ference between AB(+)/DEP(+) patients with SSRI
treatment (absolute-A: +2.7 / relative- A-%: +15.6%)
and those without (absolute-A: +5.1 / relative-A-%:
+29.5%) was not significant (p =0.102; MANCOVA,
Bonferroni adjusted). Cognition followed longitudi-
nally by MMSE gave similar results in this contrast;
all cognition results are presented in Table 2.

Changing diagnoses were evaluated at follow-
up when compared to BL: Of 225 MCI patients
at BL, 29 (12.9%) converted to AD at the
follow-up (n=17 DEP(-); n=3 DEP(+)/SSRI(+);
n=9 DEP(+)/SSRI(-)). 10 MCI patients (4.4%)
were finally reverting to HC (n=6 DEP(-); n=3
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Table 1
Demographics at Baseline, AB(+) subjects displayed separately
Study Group Number Age Gender Education ADAS ApoE
N) (y£SD) (m/f) (y=SD) (mean = SD) (N &4 (%))
0 1 2

All subjects

DEP(+) total 73 71.8+84 38/35 15.8+2.7 152+8.1 35 (48) 34 (47) 4(5)

DEP(+)/SSRI(+) 24 71.6+9.3 12/12 14.6 £2.9* 153+7.2 13 (54) 11 (46) 0(0)

DEP(+)/SSRI(-) 49 71.9+8.0 261/23 164+25 15286 22 (45) 23 (47) 4(8)

DEP(-) 183 72248.0 100/83 163+2.6 153%8.1 98 (54) 66 (36) 19 (10)
AB(+) subjects

DEP(+) total 42 753+7.1 23/19 159+3.0 18.5+8.8 15 (36) 23 (55) 409

DEP(+)/SSRI(+) 15 772164 9/6 14.0£3.3" 17.5+7.6 7(47) 8(53) 0(0)

DEP(+)/SSRI(-) 27 743+73 14/13 16.9+22 19.1£9.5 8 (30) 15 (56) 4(15)

DEP(-) 96 744+74 58/38 15.8+2.8 18.6+8.9 38 (40) 41 (43) 17 (18)

Significant differences between DEP(+)/SSRI(+) and DEP(+)/SSRI(-) are indicated by *p <0.05. No significant differences were observed
between DEP(+) total and DEP(—-). MANCOVA with testing of main effects and Bonferroni adjustment was used for intergroup comparison.

301 p<0.05 Longitudinal analysis of amyloid burden and
grey matter volume
204
In the next step, we investigated changes in amy-
2 101 loid burden and grey matter volume during the 2-year
e interval in relation to depressive symptom and SSRI-
< oq- treatment status.
101 Longitudinal AB deposition rates
Comparing the entire groups of depressed and
2 B (o' N £ non-depressed individuals, we saw only a small dif-
OQ‘,Z\ x\@ 9\\ 6\\’( ference in the mean longitudinal increase of AR
& & F burden (A%-COMP-SUVR: +5.0% versus +5.6%
© 093 0‘3 p=0.568; MANCOVA, Bonferroni adjusted). In the

analysis of subsyndromal depressed patients with
and without SSRI treatment, there was only a slight
trend towards lower amyloid deposition rates in

Fig. 2. Longitudinal course of ADAS for the two main groups
of DEP(+) total and DEP(-) as well as for DEP(+)/SSRI(+)

and DEP(+)/SSRI(-) subgroups. MANCOVA with testing of
main effects and Bonferroni adjustment was used for intergroup
comparison.

DEP(+)/SSRI(+); n=1 DEP(+)/SSRI(-)). From 31
AD-cases at BL, one (3.2%) was classified as MCI
at the follow-up scan (DEP(+)/SSRI(+)), whereas 30
(96.8%) remained AD.

SSRI(+) patients, most notably in the frontal cortex
(A%-FRO-SUVR: +5.0% versus +6.1%; p=0.635;
MANCOVA, Bonferroni adjusted; Supplementary
Table 3A); results were similar in the subanalysis
of AB(+) subjects. Here the frontal lobe likewise
showed the highest difference of amyloid deposi-
tion rate (A%-FRO-SUVR) as a function of SSRI

Table 2

Baseline scores, follow-up scores and longitudinal changes (A %) of cognitive testing (ADAS, MMSE) are provided. All follow-up values
and longitudinal changes are adjusted for the baseline ADAS

Study Group ADAS at ADAS at follow-up/ MMSE at MMSE at follow-up/
Baseline ADAS A%-BL/FU Baseline MMSE A%-BL/FU
All AB(+) All AB(+) All AB(+) All AB(+)
DEP(+) total 15.2 18.0 16.3/+6.5% 22.0/+16.6% 27.6 26.5 26.7/-3.3% 25.3/-4.5%
DEP(+)/SSRI(+) 15.3 17.5 14.5/-5.0%"* 20.6/49.3% 27.8 275 27.7/-0.4%** 26.5/-3.6%"*
DEP(+)/SSRI(-) 15.2 19.1 18.1/+18.6%" 23.4/+24.2% 273 26.5 25.8/-5.5%** 24.0/-9.4%*
DEP(-) 15.3 18.6 16.6/+8.5% 21.4/+13.6% 27.5 27.0 26.5/-3.6% 24.8/-2.2%

Significant differences between DEP(+)/SSRI(-) and DEP(-)/SSRI(-) are indicated by *p <0.05, **p <0.005. MANCOVA with testing of
main effects and Bonferroni adjustment was used for statistical intergroup comparison. No significant differences were observed between

DEP(+) total and DEP(-).
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treatment (DEP(+)/SSRI(+) versus DEP(+)/SSRI(-):
+3.8% versus +7.0%; p=0.261; MANCOVA, Bon-
ferroni adjusted; Supplementary Table 3B). For the
exact values, we refer the reader to the Supplementary
Table 3A and B.

Longitudinal grey matter volume measurements

Subsyndromal depressed subjects and the non-
depressed group revealed similar decreases of total
grey matter volume to 2-year follow-up (A%-VOL:
1.8% versus 1.7%; p=n.s.; MANCOVA, Bonferroni
adjusted); subregion analysis gave similar results.
Subgroup analysis showed a loss of only 0.9%
of total grey matter volume in SSRI(+) patients,
whereas SSRI(-) subsyndromal depressed lost 2.7%
(p=0.031; MANCOVA, Bonferroni adjusted). To
subregion analysis, the greatest volume loss was in
frontal and temporal cortices (A%-VOL FRO: —0.8%
versus 2.7%; p=0.042; MANCOVA, Bonferroni
adjusted / A%-VOL TEMP p=0.016; MANCOVA,
Bonferroni adjusted) (Table 3A).

To find more specific region-related differences we
measured volumes in 64 cortical and subcortical seg-
mented VOIs of Hammer'’s atlas, of which 14 regions
showed significant difference between SSRI(+) and
SSRI(-) subsyndromally depressed subjects (Supple-
mentary Table 4).

Subanalysis in AB(+) patients indicated similar
results, with a higher mean atrophy rate in those
patients with subsyndromal depression. In particular,
the SSRI-treated DEP(+) group of AB(+) patients had
significantly less progression of atrophy in the tempo-
ral lobe (A%-VOL: —-1.1% versus —3.9%; p =0.009;
MANCOVA, Bonferroni adjusted), the PCC (A%-
VOL: -1.2% versus —4.4%; p =0.030; MANCOVA,
Bonferroni adjusted), and also in the total grey matter
volume (A%-VOL: —1.4% versus —3.8%; p =0.040;
MANCOVA, Bonferroni adjusted) when compared
to untreated AB(+)/DEP(+) patients (Table 3B). Two
individual examples of grey matter atrophy of a pair
of AB(+) patients with and without SSRI treatment
are shown in Fig. 3.
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Relationship between baseline AB-PET and
longitudinal read-outs

Establishing a linkage between BL amyloid level
and the further progression of cognition decline could
help to predict outcome in single patients. There-
fore, we conducted regression analyses for the three
different cohorts. In this analysis, BL AR levels pos-
itively correlated with longitudinal cognitive decline
in all study groups (at trend for DEP(+)/SSRI(+));
quadratic functions gave the best fitin all study groups
(Fig. 4). Visually, the shape of the function of A-
ADAS with higher AB BL levels had a slightly more
pronounced increase in the group of DEP(+)/SSRI(-)
subjects when compared to the DEP(-) subjects.
This could indicate that patients with subsyndro-
mal depression and high initial amyloid load decline
faster compared to DEP(-) patients, as we have like-
wise seen in our previous investigation [10]. The
degree of rescue of declining cognitive performance
by SSRI medication in relation to individual BL
AR levels was characterized by a global shift to
lower A-ADAS when comparing DEP(+)/SSRI(+)
with DEP(+)/SSRI(-), such that the function of the
relationship DEP(+)/SSRI(+) clearly ranged below
that of the DEP(-) group. Quantitatively, individual
SSRI-treated DEP(+) patients had 5.0 + 2.6% (range:
2.3—-11.3%) less increase in A-ADAS over two years
when compared to DEP(+)/SSRI(-).

There were no significant associations between BL
AB-PET and longitudinal change of the amyloid bur-
den or changes in grey matter atrophy, probably due
to the clinical heterogeneity expected in such a cohort
of subjects.

Necessary sample sizes for prospective clinical
trials

Calculation of required sample sizes for prospec-
tive clinical trial of SSRI versus placebo gave
n="76 (n=38 for each group of DEP(+)/SSRI(+) and
DEP(+)/SSRI(-) patients) for absolute ADAS as the

Table 3A
2-year follow-up of grey matter volumes; significant differences between DEP(+)/SSRI(+) and DEP(+)/SSRI(-) are indicated by *p <0.05
/**p<0.001
Study Group A%-VOL FRO A%-VOL PAR A%-VOL TEMP A%-VOL PCC A%-VOL COMP
DEP(+) total —1.8% (£3.6%) —2.0% (£3.8%) -1.7% (£3.0%) —2.1% (£4.2%) -1.8% (£3.2%)
DEP(+)/SSRI(+) —0.8%" (+4.0%) -1.3% (£3.8%) —0.9%* (£3.0%) —1.2% (£3.3%) —0.9%" (£3.4%)
DEP(+)/SSRI(-) 2.7%* (£3.2%) —2.7% (£3.8%) —2.6%* (£3.0%) —3.0% (+4.5%) —2.7%* (£2.9%)
DEP(-) —1.6% (£3.7%) -1.7% (£4.0%) —1.7% (£3.0%) —1.3% (£3.6%) —1.7% (£3.2%)

No significant differences were observed between DEP(+) total and DEP(-). MANCOVA with testing of main effects and Bonferroni

adjustment was used for statistical intergroup comparison.
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Table 3B
2-year follow-up of grey matter volumes in AB(+) subjects; significant differences between DEP(+)/SSRI(+) and DEP(+)/SSRI(-) are
indicated by *p <0.05 / **p <0.001

Study Group A%-VOL FRO A%-VOL PAR A%-VOL TEMP A%-VOL PCC A%-VOL COMP
DEP(+) total ~2.6% (£3.9%) _2.9% (+4.4%) _2.5% (£3.2%) ~2.8% (£5.0%) 2.6% (£3.4%)
DEP(+)/SSRI(+) ~1.3% (+4.4%) _2.2% (£4.1%) “1.19%** (£3.1%) ~1.2%"* (£3.0%) —1.4%* (£3.7%)
DEP(+)/SSRI(-) ~3.8% (£3.3%) _3.6% (£4.5%) —3.9%** (£3.0%) —4.4%"* (£5.6%) _3.8%" (£3.0%)
DEP(-) ~1.8% (£3.9%) ~2.0% (+4.4%) —2.1% (£3.2%) ~1.4% (£4.0%) ~2.0% (£3.5%)

No significant differences were observed between DEP(+) total and DEP(-). MANCOVA with testing of main effects and Bonferroni

adjustment was used for statistical intergroup comparison.

ADAS
BL FU

Group

DEP(+)/SSRI(-) 23 43

DEP(+)/SSRI(+) 29 26

Baseline
["*F]-AV45-
PET

Baseline
Tiw ¢MRT

Follow-Up
Tiw ¢cMRT

AR ++
(SUVRy 1.00)

AB ++
(SUVRyy, 0.98)

Fig. 3. Two DEP(+), AB(+) subjects with similar baseline are illustrated, both indicating elevated ADAS at baseline with comparable amyloid
load (cutoff of AB positivity: 0.77). Progression of grey matter atrophy was pronounced in the SSRI(-) case (red arrows). Two representative
examples at the opposite extreme of grey matter atrophy progression depict the range of results.

endpoint and n=90 (n=45 each) for relative ADAS.
Corresponding sample sizes in the AB(+) subgroup
were n=60 (n=30 each) for absolute ADAS and
n=124 (n=62 each) for relative ADAS, with larger
sample sizes reflecting the higher variance of cogni-
tion changes in this subgroup.

Longitudinal measures of atrophy required a sam-
ple size of n=78 (n=39 each) for the global grey
matter volume and n=80 (n=40 each) for the tem-
poral grey matter volume in the same contrast of
DEP(+)/SSRI(+) versus DEP(+)/SSRI(-) patients.
Corresponding sample sizes in the AB(+) subgroup
were n=>52 (n=26 each) for the global grey matter

volume and n =32 (n =16 each) for the temporal grey
matter volume.

DISCUSSION

We present the results of a 2-year longitudinal
follow-up analysis aiming to test for effects of SSRI
treatment on cognitive performance, amyloid bur-
den and grey matter volume in cognitively affected
subjects with coexisting subsyndromal depression.
Multivariate analyses revealed that subjects with
depressive symptoms were characterized by faster
cognitive decline if not receiving SSRI treatment.
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Fig. 4. Relationship between the baseline amyloid-B (AB) level and cognitive change (A-ADAS) during two y for all three study groups
(A-C). Dashed red lines represent the non-linear function between both parameters, which gave a quadratic fit as the best model for all

subgroups.

Additionally, structural imaging indicated a faster
progression of grey matter atrophy especially in the
frontal lobe of subjects with depressive symptoms
and lacking SSRI treatment. The attenuation of amy-
loid progression by SSRI treatment reported in a
preclinical setting was not observed in the present
clinical cohort. Moreover, the SSRI treatment res-
cued cognitive decline irrespective of the individual
cerebral amyloid burden at BL. In summary, SSRI
treatment imparted a beneficial effect on longitudi-
nal cognitive performance in subjects with dementia
symptoms and subsyndromal depression, accompa-
nied by rescue of grey matter atrophy, but without
significant effects on amyloid burden.

Cognition

In this investigation, we used in vivo biomarkers
derived from PET and MRI imaging to character-
ize progression of symptoms in groups of patients
with highly heterogeneous presentation of demen-
tia and depression. By correction for differences in
individual amyloid burden at BL, in addition to con-
sideration of more standard covariates, we were in an
earlier study able to account for the individual pro-
gression of amyloid burden to follow-up [30]. In this
subsequent analysis of cognitive performance, there
was little difference in BL ADAS and MMSE scores
between the DEP(+) and DEP(-) groups at BL and
in the longitudinal run. However, the stratification of
DEP(+) in SSRI treatment/non-treatment subgroups

revealed a significantly better outcome with respect
to preservation of cognition in those patients receiv-
ing SSRI treatment during the follow-up period of
two years. Others have found significantly improved
MMSE scores after 3 months of SSRI treatment in
AD patients [31], while a recent review including
10 randomized controlled trails and 3 meta-analyses
on antidepressants in depressed AD patients reported
inconsistent results, and suggested treatment by non-
pharmacologic approaches and watchful waiting if
depressive symptoms are not severe [32]. We note that
only 24 of 73 (32.9%) MCI and AD subjects report-
ing depressive symptoms in NPI-Q were treated with
antidepressant medication in our current ADNI sam-
ple. Others have likewise found an under-treatment,
with only 45% of AD subjects with depressive symp-
toms receiving SSRIs in a 108-month follow up
study [33]. As a Geriatric Depression Score (GDS) of
higher than 5 is an exclusion criterion in ADNI, it has
to be considered that the depressive symptoms of our
study group were relatively low (GDS positive (3/73),
mean GDS: 2.4), which possibly accounts for the low
rate of SSRI treatment. Under consideration of the
small sample size of subjects with depressive symp-
toms, present results suggest that SSRI treatment may
be indicated even for minor depressive symptoms in
patients with cognitive impairment, as sparing from
cognitive decline was clearly evident to the present
2-year follow-up.

As AB-negative as well as -positive cases seem
to benefit from the SSRI treatment, it must be
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considered whether the treatment affects the AD-
specific pathology or the common course of dementia
diseases. In this regard, MCI subjects show a wide
range of pathological findings in autopsy, which is
still subject to further studies [34]. From our data, the
underlying mechanism of the SSRI-treatment may
not specifically concern the AD-pathology but more
likely a final common pathway of neurodegeneration.
Speculatively, this could be a neuroinflammatory
process, which is evidently common to nearly all
neurodegenerative diseases [35], and is seemingly
ameliorated by SSRI treatment [36, 37].

Amyloid burden

Based on the preclinical study of Sheline and col-
leagues in AD model mice [17], we predicted a lower
progression rate of amyloidosis with SSRI-treatment
during 2-year follow-up, as SSRIs significantly
delayed amyloidogenesis in the mouse model. The
same research group also found lower amyloid bur-
den to ['!C]-PiB-PET in cognitively healthy subjects
with a history of SSRI intake when compared to
SSRI-naive subjects, and also reported a negative
correlation between amyloid burden and duration of
previous SSRI intake [16]. Our hypothesis was not
supported by the present longitudinal in vivo assess-
ment of amyloid burden in a mixed group of MCI and
AD patients examined with ['8F]-AV45-PET. In this
regard, our retrospective study design entails certain
limitations, in that we were unable to assess the ini-
tiation date of the SSRI treatment, nor was the dose
recorded. Thus, it may be that the main effect of SSRI
treatment on amyloidosis in the individual subject
had already transpired prior to the 2-year PET study
period in this investigation, although we note that our
BL assessments of amyloid burden do not support this
speculation (Supplementary Table 1A, B). Further-
more, our subjects already had progressed towards
cognitive decline at entry in the study, and many had
rather high amyloid burden in the brain. In general,
pharmacological effects on ongoing amyloid deposi-
tion would likely be more evident when initiated an
early stage of amyloidosis [38].

Nonetheless, we contend that amyloid PET con-
stituted an important methodological feature in this
study as it enabled us to take into consideration the
individual amyloidosis at BL, which was of proven
benefit in an earlier preclinical investigation [38].
This correction for individual magnitude of amyloid
pathology at BL increased the sensitivity for discern-
ing changes to follow-up in a heterogenous study
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population. We feel that molecular imaging inves-
tigations in heterogeneous conditions like dementia
and depression highly benefit from such BL scaling,
as high amyloid levels at BL bring per se a tremen-
dous risk for rapid cognitive decline [39]. Indeed, we
find a significant positive relationship between BL
amyloid burden and change in ADAS over two years
in all subgroups of our study, albeit at trend level
for the DEP(+)/SSRI(+) subgroup (Fig. 4). The ben-
efit of SSRI treatment on rescue from longitudinal
decline in cognition seems to occur irrespectively of
the initial amyloid load, although the small sample
size precluded strong claims to this effect.

Brain atrophy

Analysis of brain atrophy suggested higher grey
matter volume loss in subsyndromal depressed sub-
jects when compared to those without depressive
symptoms, a difference that was most pronounced
in the subanalysis of amyloid-positive subjects. Sim-
ilar findings were reported in a recent study, wherein
depressive symptoms in AD patients were associ-
ated with cortical thinning, especially in temporal
and parietal regions [40]. Another study revealed that
depressive symptoms in MCI subjects were linked
with greater atrophy in AD-affected brain regions
[41]. The frontal lobe is also reported to show grey
matter atrophy in non-demented patients with major
depressive disorder [42]. Therefore, there is evidently
aconnection between depressive symptoms and brain
atrophy in patients with cognitive impairment. Impor-
tantly, we do not find differences in atrophy rates
between patients with and without depressive symp-
toms when SSRI treatment is not considered, perhaps
due to a balancing of opposing effects in treated and
untreated patients. However, our analysis of SSRI
treatment in subsyndromal depressed subjects indi-
cated a clear rescue of atrophy rate in the 2-year
follow up, especially in frontal and temporal regions.
The most significantly spared VOISs included regions
implicated in AD (temporal gyri) but were predomi-
nantly found in mood-related brain networks (e.g.,
orbitofrontal and anterior cingulate gyri) [43, 44].
The SSRI treatment slowed brain atrophy, probably
constituting the macroscopic or anatomic correlate
to the positive effects on cognitive performance. It
should be considered that volumetric and cognitive
changes did not correlate on the individual level,
probably due to the inherent heterogeneity in such
samples. However, the present structural imaging-
related findings confirm that SSRI treatment brings
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not only a clinical improvement of subsyndromal
depressive symptoms, but likewise has a beneficial
structural correlate during the 2-year follow-up.

The finding of lower progression of atrophy in
the SSRI treatment group was similar when inves-
tigating AB(+) subjects only. Therefore, we see not
clear linkage between underlying amyloid pathol-
ogy and the positive effect of SSRI treatment. The
underlying mechanism of this beneficial effect on
the grey matter volume remains to be elucidated,
but we can assume that the ongoing neurodegenera-
tion in DEP(+) patients might be modulated by SSRI
treatment independently from the degree of amyloid
burden.

Limitations

Subsyndromal depressed patients were stratified
by NPI-Q, as there was no clinical diagnosis of
depression and no gold standard structured interview
data available. Hence, the low sensitivity of this single
item must be considered as a limitation of our study.
We considered using the geriatric depression scale,
but this was rejected since any GDS >5 was defined
as an exclusion criterion of ADNI; as this criterion
might have led to more selection bias, we elected
to the NPI-Q score. Furthermore, the documentation
of SSRI-treatment begins only at the time of the BL
PET scan, such that we cannot ascertain the duration
of SSRI treatment, which may have some bearing
on the amyloid load, cognition, and brain atrophy
seen in the ADNI inclusion period. Indeed, depres-
sive symptoms in the time before ADNI inclusion
are unknown. Thus, our findings might be con-
founded by subsuming subjects with and without
history of SSRI treatment when they had no depres-
sive symptoms at entry into the study. Our patient
group could potentially include patients with earlier
depressive symptoms that resolved upon treatment.
However, due to the broad medical indications for
SSRI, we considered the present approach as prefer-
able, regarding potential bias deriving from patients
treated with SSRI for reasons other than depressive
symptoms. Another limitation consists of the differ-
ent and particularly unknown SSRI dosages, such
that known SSRI dosage effects cannot be consid-
ered in our study [45]. Furthermore, the effectiveness
of SSRI treatment for depressive symptoms shows
great inter-individual variation [46], which might be
a limitation in the comparison of treated subjects
with individual response to the treatment. However,
we emphasize that sufficiently powered molecular
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imaging studies are poised to play an important
future role in compensation for such heterogeneous
responses. A further limitation due to the retrospec-
tive design lies in the relatively small number (n =24)
of SSRI-treated subsyndromal depressed patients.
However, our study entails relatively large com-
parison groups (n=49/n=183), and the benefits of
normalization to BL covariates strengthens the con-
clusions to be drawn in a very specific subgroup.
As more than 90% of our subjects had BL and
follow-up scans on the same scanner, scanner-specific
differences could conceivable interact with actual
biological changes. Finally, we used pre-processed
data from the ADNI set, and did not perform
additional longitudinal processing of MRI scans as
performed by other investigations [47]. Thus, we can-
not fully exclude a bias deriving from scanner-related
measurement errors between BL and follow-up MRI
scans, but larger errors should have been avoided by
our highly sophisticated quality control [28]. Correc-
tion for multiple comparisons was applied to adjust
for more than two subgroups but not for the differ-
ent outcome parameter of the study, thus the results of
this exploratory study should be interpreted carefully.

Conclusions

Our results indicate that cognitively impaired sub-
jects with MCI or AD in conjunction with depressive
symptoms benefit from SSRI treatment regarding
rescue from longitudinal decline in cognitive per-
formance. As a structural correlate of the clinical
cognitive benefits, lower grey matter atrophy rates
were observed during the 2-year follow-up in these
patients. Contrary to expectation, we saw only small
trends towards a beneficial effect SSRI treatment on
amyloid deposition rates. Given the low proportion
of SSRI-treated patients in this sample, we contend
that more attention should be placed on depressive
symptoms in the field of AD research, even when
these symptoms are subsyndromal. Finally, our in
vivo assessment of amyloid burden by PET at BL
allows individual scaling/normalization of a rather
heterogeneous sample, an approach with consider-
able potential for improving the sensitivity of clinical
antidepressant trials in AD.
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7. Abkiurzungsverzeichnis

AB = B-Amyloid

AD = Alzheimer-Krankheit

ADAS-Cog/ ADAS = Alzheimer’s Disease Assessment Scale Cognition
ADNI = Alzheimer’s Disease Neuroimaging Initiative

APP = Amyloid-Vorlaufer-Protein (Amyloid Precursor Protein)

"C-PiB = ""C-Pittsburgh Compound B

18F-AV45 = '8F Florbetapir (Amyloid-Tracer)

FWE = Familywise Error

HC = gesunde Kontrollpersonen (Healthy Control)

HWZ = Halbwertszeit

MCI =Leichte Kognitive Beeintrachtigung (Mild Cognitive Impairment)
MMSE = Mini-Mental-Status-Test (Mini Mental State Examination)

MNI = Montreal Neurological Institute

MRT = Magnet-Resonanz-Tomographie

NPI-Q-Scores = Neuropsychiatric Inventory—Questionnaire-Scores
PET = Positronen-Emissions-Tomographie

SSRI = Selektive Serotonin-Wiederaufnahme-Inhibitoren (Selective Serotonine-
Reuptake-Inhibitor)

SUVR = Standard-Uptake-Value-Ratio

VOI = Volume-Of-Interest
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