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ABSTRACT ARTICLE HISTORY

Introduction: Pharmacotherapy for the treatment of depressive disorders in Alzheimer’s Disease (AD) ~ Received 22 March 2018
represents a clinical challenge. pharmacological options are often attempted after a period of watchful ~ Accepted 26 April 2018

waiting (8-12 weeks). monoaminergic antidepressant drugs have shown only modest or null clinical KEYWORDS

benefits, maybe because the etiology of depressive symptoms in ad patients is fundamentally different Citalopram; sertraline;
from that of nondemented subjects. escitalopram; venlafaxine;
Areas covered: The following article looks at the selective serotonin reuptake inhibitor sertraline, which mirtazapine; antipsychotics;
is one of the most frequently studied antidepressant medications in randomized controlled trials (RCTs). anticholinergic drugs; mood
It also discusses many other pharmacological approaches that have proven to be inadequate (anti-  stabilizers; diet; lifestyle

psychotics, acetylcholinesterase inhibitors, anticonvulsants, hormone replacement therapy) and new
drug classes (mainly affecting glutamate transmission) that are being studied for treating depression in
AD. It also gives discussion to the phase Il RCT on the alternative drug S47445 and the potential effect
on cognition of the multimodal antidepressant vortioxetine in older depressed patients. Finally, it
discusses the N-methyl-D-aspartate antagonist ketamine.

Expert opinion: The present RCT methodologies are too disparate to draw firm conclusions. Future
studies are required to identify effective and multimodal pharmacological treatments that efficiently
treat depression in AD. Genotyping may boost antidepressant treatment success.

1. Conceptual framework for the definition of The prevalence of depression in dementia ranges from 16%
depressive symptoms in Alzheimer’s disease to 45%, depending on diagnostic definitions used, study
designs, and the sample populations [6]. The best approach
to diagnosing depression in the context of dementia is not yet
unambiguous. Provisional criteria for depression of AD have
been proposed but not yet validated [7]. The Depression and
Bipolar Support Alliance Consensus Statement Panel reported
that the diagnostic criteria for depression in individuals with
neurocognitive disorders must be revised [8]. The Panel
recommended that the criteria take into account the instabil-
ity and oscillation of symptoms over time, the reduction in
positive affect or pleasure, and the inclusion of irritability,
social withdrawal, and isolation as indicators of depression
[8]. Until criteria for depression in dementia are established,
patients should be carefully evaluated for any of the symp-
toms of depression outlined in Diagnostic and Statistical
Manual of Mental Disorders DSM-IV-TR [9], although mood
disorders in dementia could not fulfil DSM criteria.

Alzheimer’s disease (AD) is often complicated by neuropsy-
chiatric symptoms (NPS), which occur in one-third of patients
at an early stage of the disease [1]. Factor analysis of cross-
sectional data from the European Alzheimer’'s Disease
Consortium has proposed four neuropsychiatric sub-syn-
dromes with overlapping symptoms in AD: psychosis (delu-
sion, hallucination, and sleep disorder), affective (depression
and anxiety), apathy (apathy and appetite disorder), and
hyperactivity [2]. Recognition and treatment of depression is
crucial in individuals with dementia, because the presence of
depression has been associated with higher rates of disability,
impaired quality of life, and greater mortality particularly for
suicide ideation [3]. Furthermore, the treatment of depression
may also improve other NPS associated with depression such
as aggression, anxiety, apathy, and psychosis [4,5].
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Article Highlights

e Among neuropsychiatric symptoms, depressive disorders are often
more distressing and disabling rather than cognitive symptoms in
patients with Alzheimer's disease (AD).

e There is still a need for effective treatment of depression in AD and
dementia, when non-pharmacological approaches fail and after a
period of watchful waiting (8-12 weeks).

e Evidence coming from recent randomized controlled trials (RTCs)
showed only partial or no clinical benefits in treating depression in
AD.

e The classical antidepressant drugs for treating AD-related depression
showed only modest efficacy or no benefits compared with placebo,
and often RTCs methodologies are controversial.

* Antipsychotics, acetylcholinesterase inhibitors, anticonvulsants, hor-
mone replacement therapy have proven to be inadequate.

e Other RTCs on novel glutamatergic drugs are ongoing, evidencing
that many demented patients may benefit from agents affecting
glutamate transmission.

e Further evidences may come from multimodal antidepressants as
promising novel drugs for treating depression in AD patients, that
could be considered a treatment-resistant depressive disorder.

This box summarizes key points contained in the article.

Depression in AD may occur on a spectrum ranging from very
mild ‘sub-threshold’ forms to major depression differing only
quantitatively regarding severity of symptoms [6].

The relationship between depressive symptoms and the
clinical presentation of dementia has led to debate as to the
direction of causality, i.e. if depression is a prodromal symptom
preceding impending cognitive deficits or an independent risk
factor for dementia. A meta-analysis published in 2006 sug-
gested that depression is associated with a two-fold increased
risk for AD [10], but studies covering the same period also
evidenced that depression may be a prodromal feature of
dementia [11,12], implying no causal effect of depression on
dementia. Therefore, as shown recently, the association
between depressive symptoms and dementia in older adults
may be primarily due to common causes or depressive symp-
toms being a feature of the preclinical phase of dementia [13],
deriving from neurobiological changes in common brain areas.

Neurotransmission may play a crucial role in the pathogenesis
of NPS in AD [14]. Neuropathology features of AD are important, in
fact, depression is associated with selective loss of noradrenergic
cells in the locus coeruleus, and possibly the serotonergic raphe
nuclei [15-17]. Furthermore, more severe presence of neuropatho-
logical markers [tau, amyloid-3 (AB), and vascular disease] was
observed in AD patients with depression compared to those with-
out [18]. These patients also showed severe loss of serotonin
receptors and serotonin transporter binding [19]. The apparent
central role for glutamatergic-mediated transmission in late-life
major depression and AD offers the possibility that significant
overlap may occur in the signaling transduction mechanisms in
these two disorders [20]. These findings may have implications for
the treatment of depression, specifically, the manipulation of rele-
vant neurotransmitter systems in treating AD-associated depres-
sion, particularly serotonin, noradrenalin, and also glutamate.

However, the relationship between AD and depression is
incompletely understood and its nature and treatment are prob-
ably multifactorial, also for secondary mechanisms or systemic

conditions (end-stage renal disease and diabetes). Anemia could
be a consequence of malnutrition linked to loss of appetite, an
important depressive symptom and systemic conditions should
be considered for a complete pharmacological treatment of
depression in AD [21]. Effective treatments are necessary to alle-
viate the emotional and financial burdens created by these symp-
toms, but unfortunately, safe and robust treatments are lacking.
Currently there are no FDA approved medications for the treat-
ment of depressive symptoms in AD [22]. The lack of effective
treatments does imply that a non-responsive depressive mood (to
conventional antidepressants) in dementia could be considered a
treatment-resistant form of depression. The present study sought
to provide a comprehensive review of principal randomized clin-
ical trials (RCTs) on pharmacological intervention efficacy in treat-
ing depression in AD patients. Introducing also possible
underlying neurobiological mechanism explaining the different
impact of antidepressant drugs in AD.

2. Some neurobiological mechanisms of
antidepressants in Alzheimer’s disease

The impact of antidepressants on the pathogenesis of demen-
tia remains unclear despite depression and dementia are clo-
sely related. Most of the studies were conducted on animal
models. These experiments have suggested that selective ser-
otonin reuptake inhibitors (SSRIs) may reduce A plaque bur-
den and cognitive impairment, presumably by shifting the
balance from pro-amyloidogenic toward non-amyloidogenic
processing of the amyloid precursor protein (APP) [23-25].
Only few studies were conducted in humans and in cogni-
tively normal individuals, long-term medication with the SSRI
citalopram has been found to be associated with lower A
plaque load [23,26], and acute treatment with citalopram was
found to reduce the rate of newly generated AP [26].
Furthermore, a growing body of evidence points toward the
complex role of neuroinflammation in amyloidogenesis, neu-
rodegeneration, and cognitive decline [27]. SSRIs can modu-
late key inflammatory factors, such as tumor necrosis factor
alpha [28], interleukins-1b and —6, and reactive oxygen stress.
Interestingly, in a mouse model, SSRIs were found to amelio-
rate experimental allergic encephalitis-induced symptoms [29].
SSRI-mediated modulation of neuroinflammation and neuro-
degeneration could therefore explain the favorable outcomes
of patients with AD under long-term SSRI treatment.
Fluoxetine, as a representative SSRI, could reduce the level
of soluble AR and protect hippocampal neurons in vitro model
of AD, moreover, inhibit activated astrocytes and microglia,
and improve behavioral performance in APP/presenilin 1 (PS1)
mice [30,31]. Some evidences indicated that AB,.4, could con-
currently mimic the depression-like behavior and working
memory disorders in mice, while desipramine could effectively
reverse both the deficits induced by AB;_.4,. The neuroprotec-
tion of desipramine may be involved in the up-regulation of
phosphorylated cAMP response element binding protein level
in the hippocampus of mice [32]. Some studies have recently
demonstrated that fluoxetine is neuroprotective against Ap-
induced neurodegeneration via a paracrine signaling
mediated by transforming-growth-factor-1 (TGF-1), which,



interestingly, does not depend on the serotonin transporter
blockade [33]. The deficit of TGF-B1 might contribute to cog-
nitive deficits and depressive disorder treatment resistance in
AD patients, by increasing AB accumulation and promoting
the so called ‘amyloid-related depression’ [34].

At the same time, an ‘astroglio-centric’ perspective of neu-
rodegenerative diseases proposed an astrocyte dysfunction
involvement in the impairment of proper central nervous
system functioning. Recent evidences coming from in vitro
studies supported the hypothesis that sertraline and paroxe-
tine may increase calcium influx and induce mitochondrial
damage-mediated apoptosis, causing astrocyte dysfunction.
This impairment may be involved in the pathogenesis of
neurodegenerative diseases, and neuronal injury in vitro
could be attenuated by N-methyl-D-aspartate (NMDA) antago-
nists [35].

The elucidation of the molecular mechanisms underlying the
rapid antidepressant effect of the potent NMIDA antagonist keta-
mine has offered novel potential therapeutic target, whose
mode of action may prove to be pertinent to AD treatment.
The mammalian target for rapamycin signaling, mTOR is an
atypical Ser/Thr kinase and a central controller of protein synth-
esis required for new synaptic connections [36]. It has recently
been demonstrated that the antidepressant effect of ketamine is
mediated by activation of the mTOR pathway [37]. mTOR dysre-
gulation has also been found in AD, with several signaling pro-
teins involved in mTOR-regulated pathways, including protein
kinase B, also known as Akt, and mTOR itself, found to be altered
in the postmortem brains of AD patients [38].

3. Clinical trials and meta-analysis regarding
classical and alternative antidepressants drugs for
the treatment of depression in Alzheimer’s disease

SSRIs are considered the first-line treatment for late-life
depressive disorders without dementia [39], but the evi-
dence in support to the use of antidepressants to treat
depression in dementia is quite mixed and the data are
difficult to interpret, because of small sample sizes, hetero-
geneity, use of multiple outcome measures, and a general
paucity of good quality data. It is very likely that failures in
clinical trials are associated with different factors such as
heterogeneity of the sample and concomitant treatments.
Most of the positive studies limited the mood diagnosis to
major depression, whereas most of the negative RCTs
defined depression more broadly [40] (Table 1).

Both the 2001 US Expert Consensus Guidelines [41] and the
2006 Guidelines from the Canadian Coalition for Senior’'s Mental
Health [42] recommend the use of SSRIs as first-line antidepres-
sant, favoring citalopram and sertraline in older adults.
Although these drugs remained the mainstay of treatment for
AD patients with depression, the evidences from systematic
reviews and meta-analyses did not appear to be clear enough
to support this practice. For its continuous score as outcome
measure, the majority of studies used the Hamilton Depression
Rating Scale (HDRS) [43], which has not been validated for use
in patients with AD, while the remaining studies used the
Cornell Scale for Depression in Dementia (CSDD) and fewer
the Montgomery Asberg Depression Rating Scale (MADRS)
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[44,45]. Only one antidepressant discontinuation study was
conducted, although the difference between continuation and
withdrawal groups was not statistically significant [46] (Table 1).
In looking at the individual SSRI RCTs, the first trial also known
as the Depression in Alzheimer Disease Study (DIADS) found
sertraline to be superior in reducing depression compared with
placebo at 12 weeks of treatment in a sample of 44 outpatients
who have probable AD and major depressive episodes [47]
(Table 1). This rigorous trial was positive for sertraline to a
150 mg maximum daily dose on primary depression outcomes
because the treated group had greater improvements in the
scores for the CSDD and the HDRS. Furthermore, the active
treatment was favored over placebo for the secondary outcomes
of behavioral disturbance, role functioning, and caregiver dis-
tress. A statistical trend toward less decline in activities of daily
living was also observed on the Psychogeriatric Depression
Rating Scale-activities of daily living subscale, but not on the
Mini-Mental State Examination (MMSE) [48] (Table 1). Conversely,
a previous fluoxetine RCT did not find any statistically significant
difference in reducing depressive symptoms as rated by the
HDRS between fluoxetine treatment (using doses of up to
40 mg/daily), and placebo [48] (Table 1). Overall, the methodol-
ogies of these RCTs are too disparate to draw firm conclusions.
The efficacy of citalopram was originally assessed in a 4-week
RCT (doses of up to 30 mg daily) on a combined sample consisting
of 98 patients with moderate AD and vascular dementia (VaD),
with a DSM-IIl diagnosis of primary degenerative dementia and
multi-infarct dementia [49] (Table 1). The MADRS score (ranging
from 0 for absence to 30 for more severe symptomatology)
showed a significant improvement in depressed mood, emotional
bluntness, confusion, irritability, anxiety, fear/panic, and restless-
ness only for the AD group, compared to the placebo group and
not in motor or cognitive functions [49] (Table 1). More recently,
the Citalopram for Agitation in Alzheimer Disease Study (CitAD)
randomized 186 participants with moderate-to-severe AD and
significant agitation to 9 weeks of citalopram 30 mg/daily dose
or matching placebo [50]. A positive effect for citalopram com-
pared to placebo on agitation (primary outcome) as measured by
the Neurobehavioral Rating Scale agitation subscale (NBRS-A), the
modified Alzheimer Disease Cooperative Study-Clinical Global
Impression of Change scale (ADCS-CGIC), and the total
Neuropsychiatric Inventory (NPI) score was reported [22,50]. A
subsequent planned secondary analysis examined the effect of
citalopram on specific NPl domain scores and found a statistically
significant effect for citalopram on delusions, anxiety and irritabil-
ity, but not on depression/dysphoria [51] (Table 1). However, QTc
prolongation and cognitive worsening were observed in the cita-
lopram group representing safety concerns for clinicians [52].
The only one Cochrane review about antidepressants for
treating depression in dementia was published in 2002 [3].
There were seven included RCTs with a total of 1140 sub-
jects of which 769 met inclusion criteria. This review
included only four trials in the meta-analysis for efficacy:
two studies using tricyclic antidepressants (TCAs) (clomipra-
mine [53] and imipramine [54]) (Table 1) and two studies
using SSRIs (sertraline [47] and fluoxetine [48]) (Table 1).
Overall, the meta-analysis was hampered by a limited num-
ber of studies of small sample size suggesting that the
evidence to support the efficacy of the antidepressants on



826 M. LOZUPONE ET AL.

(panunuod)

(kep
/bw ppLasop 19b.ey)
$31025 |A|4 UO S129)J9 Juswieas]
uediubis oN ‘ogadeld yum pasedwod dnoib sujweidiwop ayy
ul $31035 SN 419mo| Ajuediiubis ‘ogadeld uo paliels 1eyl asoyl
yum pasedwod suiwesdiwo]d uo pauels 1eyy syueddinied 1oy 191ealb
2UBM SI9QUINU (£ S SYQH) UOISSIWRY "poliad JuswIeal) %99M-9
1541} 9y} bunnp juswaroidwi J93ealb pamoys suiwesdiwo) buiyel
syuedpiued 1nq ‘s9103s SYQH UO 1299 swil Juedyiubis e sem asay| WI4 Pue ‘IJSWIN ‘SYQH  SYoam | suiweidiwop)

ogade|d

dnoib ogadeld (Kep/bw 5/-57)

9y} yum uosuedwod uj dnoib aujnoidew ayi ul asow Kpuedyiubis
panoidwi 31035 SGD sdnoJb JuSWILII) UIIMID] JUIIIYIP
Ajpuesiyiubis 1ou a19m sa103s JSWN "dnoib ogadeld 1o Juswieasl
9y} U9aM1aq Judlaylp Ajpuediyiubis Jou a1am aaissaidwl dAIssaidap Sao pue ‘ISWIN
pue uoissaidwi aA1ub0d ‘uoissaidwi [eqo|b jo sbunes ospip  ‘uoissaidwi [eqolb jo Hunes ospip SyoaMm § auljnoidepy

ogade|d

(Kep/bw zg asop ueaw)

JNO4 10 'SWM ‘Sdd
‘IS JO SaInseaw uo s1ayd dnoib Aq awil Juedyiubls ou sem ai1ay] WO4 PUB ‘SWM ‘S4d ‘ISWIN~ Soam g sujwesdiw

ogade|d

(Kep/bw o€ asop 13b4ey)
dnoub ogaded ay3 yum pasedwod dnoib weidojeyd ayy
ul panosdul asow Ajpuedyiubis a1am sgo ay) Jo swiall poow passaidap
AjuQ "dnoib weidojeyn ayy ur paroidwi Ajuediiubis sgo ay3 Jo swall
poow passaidap pue Aaixuy ‘dnoib weidojeld ayy ur pabueyoun
pautewsas Ing ‘dnoib 0gade|d ay3 ul pauIsIom $3103s |9 “Juswaroidwl
SYAVI uo saduaiayip dnolb ussmiag ou sem 319y} ‘Janamoy

‘v Y99M pue duj[dseq UM paulpPap Apuedyiubls 31035 SYAYIN SYAVIN Pue sgo syaam g— weidojel)

0qade|d
(ep/bw €8 asop ueaw)

oqgade|d buiaiedas syuaned
yum pasedwod dnoib ogaded ayy ur Ajpuedyiubis aiow paulPap

siedk 7'/ F §'L/ :9be ueaw
‘dnoib uonuaAslul 0} paziwopuel syuaned ||

av yum syuaned passaidap ¢

oqgade|d 0} pazjwopuel syuaped €9
aulnoidew 03 paziwopuel syuaned 9

(s123K 96—81) S1eak g :abe uelpaw ‘(Y-|-NSQ)

uo|ssaidap pjiw pue enuawap Yyum syuaned /71|
sleak 8§ F

1/ 3be uesw ‘ogade|d 01 pazjwopuel syusned g1
sieak / ¥ 89

abe uesaw ‘aujweidiw] 03 paziwopuel syuaned 4|

Kjuo enpuawiap pey syuaned €¢
sieak 6 F

|/ :9be ueaw ‘ogade|d 0} paziwopuel syuaned G|
sieak / F 9/

:9be ueaw ‘aujweldiwi 03 pazjwopues syuaned €|
HUETIET)

pue uoissaidap Jua3sixa0d pey syuaned gz

av yum syuaned 19

(ogadeid 1L

pue weidojeyd 03 paziwopuel €|) sieak 5/
:9be ueaw ‘enuUaWIAP JeInNdSeA yum siuaized

(ogade[d $€ pue weidojeyd 0} paziwopuel
1€) sieak 7'z, 9be ueaw ‘qy yum siuaized g9
siedk 97/ :abe uesyy

elUAWAP Yum syuaned 68
sieafk g F ¢/ :9be uespy
ogade|d 03 g| ‘duiweidiw] 0} paziwopuel
1 :uoissaidap noyum syuaned qy €€
ogade|d 01 G| pue auiweidiwi 0}
paziwopuel €| :uoissaidap yum syuaned gy 8z

[es]
9661 “|e 19 exesdd

[6£] €661 “I2 39 syony

(8£] L66L “[e 39 3L

[8¥] 0661
‘S91J3309 pue YIAN

$31035 SY@ "0gade|d yum pasedwod sa103s SYYO pue ISWIN ‘SHaH [gs]
ul uswanosdw Juedyubis ou pamoys aulwesdiw Buiadal 3soy | SHA PUe ‘SYYO “ISWW ‘SYaH  SY9am 9 sujwesdiw ay yum swuaped |9 6861 “[e 19 131y
synsas jedpuiid JUdWSSISSR uoneing UOIIPUOD 1UBWLI] a|dwes £pnig DUIJY

pue sawodIno pajejai-uoissaidag

"9SSIP S, JAWIBYZ|Y Ul SISPIOSIP dAISSaIAIP JO JUWILI) AY) Ul SUOlIUSAIIUI Juessaidapiue Jo Adediys ayl Buienjeas sjeuy [edjuld paziwopuel [edidulld *| 3|qel



EXPERT OPINION ON PHARMACOTHERAPY 827

(panupuod)

$3103S [DD 10 210 SYJYIN Ul 10949 Juswieas)

(Kep/bw G/ 3sop ueaw)

s1eak €19/
:9be ueaw ‘dnoib uonuaaIdul uo swudned |
[89]

uoissaidap pue Al-NSQ 0} /002 “|e 19 eyun)

juedyiubls oN "2103s SYQYIN Ul PaAISSUO 19443 dwly Juediiubis D) pue SYayW  Syaem 9 auixejejusp  Huipiodde syusined enusawap desapow 1o pjiw L Soj9du0dsep aQ
sieak
ogadeld TS F 6'6/ :9be ueaw ‘dnoib ogadeld sy 404 0T
sieak 66
(Kep/bw G6 asop ueaw) F §'G/ :9be ueaw ‘dnoib uonusAIIUI BY) IO} HT
(Lngy pue
“4-ISIM “4-11AH “4-IAdMO3I) Sainseaw aA1jubod Aue uo awiy A0
duIPap J0 2dojs Y} UO 103)4d JUSWILI) OU SeM Y| JSWIN pue
1AV-SHAd ‘ssasip 1an1baied |dN ‘[e10} [dN JO S2INSeaW Uo S} 1NgY
JUSWIE3J} OU DIIM DJ3Y] JUSWILI} dUI|RILIS BY} JO JoAey Ul sdnolb  pue ‘Y-ISIM ‘H-LTAH ‘Y-LAdMO3
1USWIEAI) U3DMIDq pasap Ajuedyiubls SYgH pue @aas) yiog 'ssaAIsIp JanIbaled |dN ‘|e10d [dN aposida anissaidap [o¥] (saviq)
*dnosb juswiealy aujjesuas ay3 ul panosdwi swoldwAs uoissaidag ISWIN “1aVY-SYad ‘SHAH ‘aasd  syaam zi auljelyas Jofew pue gy djqeqoid yum syuaned 1 €00z “|e 39 SOSINAT
sieak 69 F
ogadeld €L/ dbe ueaw ‘dnolb ogade|d ay 4oy syuaned yz
s1eak €9 F 0°0L
(Kep/bw of asop 1ab1e1) abe ueaw ‘dnolb uonuanRIul 3Y) Joj syuaned /|
uoidesdul swi Aq dnoib
1o dnoib ‘awy JuediIubIS OU PIMOYS S3I0IS IS "UOIIdRIdIUI
awin Aq dnoub 1o 1299 dnoub juediubis ou sem a1syy ‘IsAsmoy 19D pue uolssaidap Joujw Jo Jofew [L¥]
‘awn 1310 sdnolb yioq ur panosdul $9103S I4 Pue ‘Y-WYH ‘SYaH  ‘AIDS ‘WIH ‘V-WYH ‘ISWIN ‘'SYH  syoam 9 auexon|y 1oy eudd AFNSA Punssw gy yum syusned Ly L00Z “[e 39 eddendd
(s1eak
§'9 F 1'06) 0gade|d 0) paziwopual sudfied f|
(s1eak
0gade|ld 1’9 F #'88) duljeIHIS 01 paziwopuels syudfed /|
(Rep
/bw 001 9sop 19b64e3) siedk €9 F 7'68 Sieak :abe uesyy
> d) 3Ul|eJ1I3S JO JOAR) Ul 2INSBIW 3DB) MOIG-}UY Sy} UO dued
paydeoidde uondeIalul Wil AQ Judwileal} Ay} ey} pajou sioyine
3YL *(S0°0 < d) siolAeyaq [e1de4 pue YD ‘SD ‘AQSD 404 suondeIRUl
QWi Ag uawieal) ou alam 3IdY] 'Sg4Y pue ‘so ‘aasd Yy
10} P3I0OU $19J3 dwi] uedIUBIS Yum ‘Dwil J1aA0 dnosdwi 03 sdnolb SIOIARYD( |eIde4 pue ‘Sg{y av [59]
0Qade|d pue JudWIea’] Yloq J0j AOUIPUS} B SeM DI3Y} ‘SaINSeIW |[e 404 ISWW 1SV4 ‘IVAD ‘SD ‘ads)  SYPam 8 auljesas  abels-ale| yum syuaied swoy Huisinu djewsy L 0002 “[e 19 Iebepy
ogade|d 03 paziwopuel syuanied gg¢
aplwagopow 01 paziwopues syudized gog
(s1e9h 9/ F ¥'L£) SuIP3p
anMubod pue uoissaidap yum swusned €g|
(s1e34 68 F ¥'p/) swordwAs
ogade|d aAIssaidap yum enuawap yum siuaned ||g
(Kep/bw 00t) siedf 4’8 F 9'g/ :obe ues|y
ogade|d 01 Japp Appuedyubis Jou pip dnoib
dpIWSgoDRW Y} Ul dDg pue 2103 HYIS (101 Ul Juswanoidw)
'$99M 9 18 IS PUB ‘DYDS UO SWl dueqInIsip aARIUbHod
9yl ‘SYaH @Y1 uo ogade|d yum pasedwod dnoib spiwasqopow uolssaidap Jofew Jo 1o/pue epusawap
9y} Ul UI3S aJam syudwanoidwi uesw Jarealb Ajpuediyiubis dDgd pue Oyds ‘ISWIN ‘SYdH  SHPam 9 9pIWRGOPON Jo sisoubelp [-NSg yum siuaned Japjo v69 [£/] 9661 “[e 19 Y10y
s1eak
ogadeld €/ F y'g/ :9be ueaw ‘ogadeld 0} paziwopuel Q|
synsaJ |eddulld 1UBWISSISSe uoneing uonIPUOd JUBWIRdI| a|dwes Apnis ERIEYETEN

pue sswodino Uwuw_whuco_mmwhnwo

‘(p3nunuo)d) °L 3|qel



828 M. LOZUPONE ET AL.

(panupuod)

71 X99Mm 1e 153} [ayMeg ay) ul Ajuo juawanoidwi Juedyubis
e sem a3y} ‘dnoib suiweidisap ay3 uj ‘syuswaroiduwi Juedyubis
pajeanas [dyueg pue JSWIA 4O SHNSI 3y} ‘dnolb Juixeje|uaA ay U
‘auljaseq 9y 01 uosuedwod ul spuswanoidwi Juedyiubis pamoys g| 1apIosip [s/]
}99M 1e [ayHeg pue JSWIN ‘ASYH JO S}Nsas 3yl ‘dnolb aulfesias 3yl Ul Xapul [dyueg pue ‘JSWIN ‘SYAH  SHedMm 7L duljeJyas  dAIssaidap Jofew yum spusned qy d3eI9pow 65 107 “[e 19 QO
sieak /'9 F |'9g :9be ueaw ‘uonenuuod
JUdWIe3I} 01 paziwopuel syudled 89
sieak '8 F £'68 :9be uesw ‘uoprenuiuodsIp
JUdW3eaJ} 01 paziwopues syuded €9

dIS 10 yad ‘ay-100 JaJed ‘aunaxosed
‘qy-100 1waned ‘SSd ‘(s191snp Ayrede pue uoneybe ‘sisoydhsd ‘duljelpas ‘weidojelrd
Buipnjpui) [N Jo sainsesw uo sdnoib usamlaq syam Gg 1e papodal ‘weido|eysa swoldwAs
SeM DDUIIYIP JuRdYIUBIS ON "SHI9M GZ 18 Jamo| Ajpuedyiubls  |dN pue ‘glS "4ad ‘ay-100 Jsued :uoI3eNUNUOISIP du3elydAsdoinau pue eiusWIP paxiw [S¥] (Apnis 4353Q)
sem Qds) ‘Judwieal} panupuodsIp eyl asoyy yum pasedwod) ‘ay-100 1waned ‘SWSd ‘ads)  SHeIm sz jusWieal ] 10 geA ‘gy :yum siuaned awoy buisinu gz 710Z “Je 19 ybiag
ogade|d
siedk g/ :9be ueaw ‘ogade|d
(Kep/bw sy asop 13b1e)) 9A19334 0} paledojje Ajwopues syuaned |||
sieak g :abe ueaw ‘suidezeyiw
auidezeupy 919331 0} paledo|je Ajwopues syudned 8oL
(Aep sieak g/ :9be ueaw ‘auljeliias
/Bbw 05| asop 13b4e1) 9A1933) 0} paledojje Ajwopues syusned /0|
*3J1] Jo Aujenb pue sianibaied
uo pedwi Buipnppul SSWOIN0 JSPIM BULISPISUOD §I SAINIBYD
-350> 3q Aew duidezeuiw Jey} ‘ISAIMOY ‘DIUIPIAS sem Y] ‘adsd
9y} buisn swoldwAs anissaidap budnpal ul ogade|d SNSISA dAIIAYD
-1502 10U 2J9M duldezepiw pue uleILIS "SOW ZL-4S PUe SOd Z1-4S
‘ZL-DHD ‘1907 ‘as03 pajel-Axoid ‘asDI pasel-yias ‘Axoid-10DWIA
“JODW3A ‘IdN “1aV4 ‘ISWW :(S0°0 < d) duidezepiw 10 duljeids pue Ayjenb oy
oqgade|d UaaM1aq dURYIP JuedUbIS ou ulodpud Iy “(pauodal 700W3a pue ‘Aujenb a1 asd3 euRD
jou 2duediiubis) ulodpua pue auldseq uaamiaq sdnoib ogadeld ‘aasd ‘SOW ZL-4S ‘sdd zL-4S uljo 01 buipiodde uoissaidap bunsixs-0d [£S] (@@VYS-V1H)
pue suidezeuiw ‘Suljeiuds Ul punoy sem ggsd ul Juswroidw|  ‘2L-DHD ‘1907 ‘IdN 1AV ‘ASWW  SIIIM 6€ auleiuas  pue qy djqissod 1o 3jqeqoid yum suaned 9z 107 “|e 19 aaf1sueg

ogade|d 0} paziwopuel 9

dUl|eIAS 0) paziwopuel /9

19pIOSIp dAID3Ye paleosse-qy 104 (%/°89) 06
oposida anIssaidap Joulw 104 (%T Ly) S

aposida
ogadeld dAIssa1dop Jofew 10y LRI 1PW (%/'6€) TS
(kep
/bw 001 9sop 19biel) sieak g/ :9be uelpa|y
19pIOSIp SAID3Y)e PaleIDOSSe-QY JO UOISSaIdap Joulw Ylm 3oy
Ul SWO0INO I3YHd J04 sdnoib Juswiiess} Uaamlaqg Ul SDUIRYIP
ON "eljuawap ui uojssaidap Jofew yum sueddiied ur ggsd 10 IO
-§)AVYPOOW UO $)39M g 18 ogade|d 01 Jouadns Jou sem juswiealy
duljesas "sdnoib Juswieasy usamiaq Jayip Apuediubis you
pIp s2103s abueyd ISWN Pue “1AY-SIAY “TOYAY ‘IdN “utodpus je
$3103S JSD PUB JID)-SIQYPOOW UO 19349 JUSWILII] OU SeM Y] [85]
'sdnoi6 ogade|d pue duljesds UIMIDG SHIIM Z1 Je 0ASD pue ISWW pue “1av-5DaV “104av BLIRILD U0 (I-saviq) oLoz
JI9I-SDAYPOOW JO SAINSEIW UO SIDUIIPP JUBIHUBIS OU 219M 3I3Y] ‘IdN ‘adsd “JI9D-SDAYpoow  SYIIM au|esds 03 buipiodde uoissaidap pue gy Yum syuaned || “le 13 Biaquasoy
sieak g'g

ogadeld F 9// :9be ueaw ‘dnoib ogadejd uo syuaned /|

synsal |edputld JUBWISSISSe uoneing uonRIpUOd JudWieal] s|dwes Apnis DUIRYRY
pue sswodIno pajejal-uoissaidag

‘(p3nunuod) °L 3|qel



EXPERT OPINION ON PHARMACOTHERAPY 829

*K103USAU| UBPING JJRD) IeZ (g7 B]edS AIOW JIISYIIM SIWM ‘UIp[IYD 104 djeds duabij|a1u]
JBISY23M DSIM ‘sionqiyul xerdniy UlU0I0IAS SANIIIS S|YSS ‘9jeds A1eneg juswiiedw| 3I9AS :g|S ‘$2100S dHsodwo) YiesH [BIUS ZL-WO{ HOYS SO Z1-4S ‘s210d§ ausodwo) |edisAuyd zL-wio4 Moys :$Dd ZL-4S
AIWSQ 10§ MBIWIdIU] [BI1UID PINIINIIS (DS ‘D]8dS DUIRLIID—IUIWISSISSY [edIUl]D) ZOPUES :DY)S ‘159] AIOWI|N [RINOIARYDG PRaUWLIdAIY 3] 1] NGY (UOISIDA J21ed pue uolsIaA Jualied) 3|eds aseasiq s awidyz|y—ajl Jo Aujend
:Qy-100 xapu| Anjenp das|s ybingsnid :[DSd 9[edS ddueululely 95 [edIsAud S,Apoig pue uoImeT [SNSJ ‘9]eds bulal Ajiep Jo AUAIDY :SYYO ‘A1ojuaaul dureiydAsdoina :|dN ‘9|eds buiney [eiolineyagqoinaN :SYGN ‘Uoledossy
SI9PIOSI PII[DY puR dseISI S DWIBYZ|Y/H0J1S PUB SISPIOSIC SAIIRIIUNWWOD) pue [e2160]j0ININ JO INUISU| [eUOIRN YAYAY/SADNIN ‘U}edH [eIUS|\ JO 93nHISU| [euOlBN :HWIN ‘UoneUlWEeXT 31e)S [RIUSN-IUI ISININ 3[edS
Buney uoissaidag biagsy—A1awobiuopy :SYQYW ‘Bular] Ajieq jo ANAIDY [eluawinilsu| Sy ‘PasIAeY-1sa) buluiea] [equap sumdoH syl :y-17AH ‘enuswag ul uolssaidaq 1oy syuessaidapiiuy Jo 9sM 9y Jo ApniS JUBWSSISSY
AbBojouyd3] yyesH :aqavs-vY1H ‘9[eds buney uoissaidag uoyiweH :SYAH ‘9[edS A1vixuy Huney uoliweH :y-IWYH ‘91835 3{el1saD :SH ‘sajeds Buniey yYiesH [edIPaN [esdaudn SYHWD ‘ZL-241BUUOISIND Y3edH |esaudD) :Z|
-DHD !‘3]e3s uoissaidaq du1eLID :§D ‘9]edS UIS duelg SANO0D 5D ‘uolien|ea3 Aloway 13(qO PIN4 WO ‘@insespy aduapuadapu] [euoridund :y[4 Hse] ueds ubIQ pJemydeg pue piemio :S\yM-Sad4 ‘buibels Juswssassy
JeuonduN :1Sy4 ‘pasinay—1isal Aiejngedop ainid PIOM-dUQ dAISSAIAXT :Y-IAdMOT ‘SI9pJosIq [RIUSN JO [enuely [ed1IsIIeIS pue dnsoubelq NS ‘91eds buney enuswaq :SYQ ‘Apnis aseasiq sJawidyz|y ul uoissaidag
:1$@VIQ ‘A101udAu| $S11S JaAIBRIR) |5 ‘eruawa ul uolssaidaq 40j 91edS [|uI0) :dds) ‘A1olusaul uoneuby plRysuey-uayo) (YD @buey) jo uoissaidw| paseg-malasaiul ueniul]) snid-Jig| ‘ssauj|| Jo Aaras—uoissaidw)
1eqO[D [e21U1]D :IS-1DD ‘Judwanoidwi [eqojp—uoissaidw] [eqo|D [ea1ul]) (D-D) ‘uoissaidwi [eqo|b [edlulpd ;D) ‘saxoq Jo wins 3|eds Huney enudaWRQ [eIUID :GSYAD ‘d1edS buliey erusawiaq [ed1ul) @D ‘enusawsq Joj 9jedxs
Buney Joineysag qyyId :asyg) ‘A1e1ieg parewolny 1s3) |edibojoydAsdoinay abpuquie) :gy Ny ‘uoneulwexs aAubod abpuquie) :DOWYD ‘enuswaq 1oy 9jeds buney [eioineysg :asyg ‘9(eds buney dnoydAsd joug :SHdg
‘syuaned duyelab 1oy jeds bunes ;g ‘9|eds buley aseasiq s awidyzly ul Abojoyled |eloineyag :gy-JAYHIG BuUIAI] A|leq JO SAIUADY |0ISHg 11QVY4 ‘UONRIDOSSY dlIeIYdIAS URdLIBWY :y/dY ‘9]eds Jolneyag Buipasd aAIsIany
1594V ‘9)17 Jo Aujenp pajejpy aseasig s PwIByz|y 10YAY ‘9edS abuey) pue JUSWSSISSY [eUODUNS 3seasIq SBWIRYZ|Y $OY4aY @buey) jo uoissaidw jeqoln [ediuld-Apnis dAneIadoo?) aseasiq sawiRyzly DID)-SdAV
‘31eds BbulA Ajleq Jo SaIAIPY -ApniS aAIzeIad00) 3seasiq S PWIdYzZlY 1ay-Sday ‘Apnis aAieIadoo) aseasiqg S awWIdyzly SOAV ‘9[edsgns dA1IUD0-3|eIS JUSWSSISSY dseasiq S awiRyzly Ho)-Syay ‘asessip sawisyzly gy

ogade|d s1edk €/°9 F 686/ dnoib ogadeld abe ues|y
(Kep/bw
G1 jo abesop wnwixew) siedk /¥'/ F €€/ dnoib uonuaniul abe ueapy
"POAIISCO DIIM SIUDAD
-9SI9APE PIJR|DI-JUBWIRI] SNOAS ou pue sdnoib udaIMID] JaYIP
10U PIP SIUSA3-9SI9APE P3le|21-]UdWIIeaI] JO JAqWINU 3Y] "papasu s

(81 24025 @QS) dulRseq) ,uolssaidap Jofew anuysp, Yyum s133(gns (sdnoib
J0 195gNs B UO Ydieasal Jayuny Jeyl parsabbns siskjeue Kiojeiojdxs y10q 1o} z¢ = u) dnoib ogaded so dnoib Apnis
“J1anamoH -Juediyiubis Ajjeonsnels Jou aiam sdnosb oml syl usamiaq g4s4ad pue ‘ISWIN ‘10Sd ‘DIdN 9y} J3YMS OJUI PIZIWOPUEI DI3M) BLISIID UIIO
uoniubod pue uoissaidap JO SAUNSEIW Ul SDUAIRYIP ‘ZL ¥PdM 1y “IaVI ‘bod-Svyav ‘SL-Sad ‘adsd  yeem g1 weidojeidsy 01 buipiodde uoissaidap pue gy yum suaned $8  [y/] £10T “|e 19 uy
ogade(d snid oqgade|d aA19334 0} paziwopuel syuaned g6

UOIIUIAJRUI
[e10soydAsd
weidojeud snid uonuandul [e1osoydAsd

(Rep/Bbw o€ asop 13b.ey) e 9AI9I3J 0} paziwopuel IdIM syuafied 6
weidojeld snid Jap|o pue sieak g9 :Pbe ueapy
puNoy} 3I3M SI9PIOSIP
Joineyaq awnybiu/das)s 1oy ogadeld Bulioaey pue suorjeun|ey
10} weidojeld Bulone) saduIRYIP JULIHUDIS ‘6 39aM 1y “Aljige|
/Auigeyan pue ‘Alaixue ‘suoisniap buimoys se pauodal ag 01 Ay
ss3| Apuediiubis a1am weidojeyd yum pareasy syuedpiyied ‘6 oam
1y "s2403s JSWIN 40j ogadejd yum pasedwod wesdojeyd buiaidal
950y) Ul pauodal sem 113449 aAebaU JuedLIUBIS Y *$SaAISIP JaAIBIed
IdN pue ‘uonenbe |dN ‘|e103 |dN ‘IVID Y} uo sa10ds panoidwi
yum paieposse sem weidojeyd ‘ogadejd yum pasedwo) HH) ISWIN pue “1ay-Sday ‘ssa4asip
-5DAY PuB Y-SYGN JO S2101S 3DUIYIP Palewilss ayl ur ogadeld 1anbaled |dN ‘21035 |30} UOIUIAIRII [0s] 910T
yum pasedwod juswanoidwi uedyiubis pamoys dnosb weidojeid ayj 1dN ‘IYIAD 219D-50aV ‘V-SYaN SYoIM 6 |eosoydAsy Qav 9jgeqoid yum suaned 9g| “le 13 Jaydeduoa
(Kep/bwi
0G1 9SOp wnuwixew)
sujweldisaq
(Kep/bwi

0GL 9SOp wnuwixew)
UOIUIAIRII

SUIXBJR|UIA yoes Joj sdnoib 331y) 01Ul PIpIAIP SluSNed
(Kep/bw
0GL 9SOp wnuwixew) sieak §'¢ F 979 :abe ueapy
synsal [edpulyd JUBWISSISSe uoneing UOINPUOD JUSWIe3I| s|dwes Apnis ERIIEIETEN

pue sawodIno pajejai-uoissaidag

‘(penunuo)d) °L 3|qel



830 (& M.LOZUPONE ET AL.

the CSDD measure for the evaluation of depression in
patients with dementia was weak [3,55]. More people in
the treatment groups experienced an adverse event.

Two other systematic reviews and meta-analyses in people
with depression and dementia were published in 2007 and
2011, respectively [56,57], but the number of trials included and
the data provided in the RCTs limited these analyses. The first
meta-analysis included 165 participants from five RCTs reporting a
superior and statistically significant treatment response for anti-
depressants (imipramine, clomipramine, sertraline, and fluoxetine)
compared with placebo [56]. People taking antidepressants were
also more likely to achieve remission of their depressive episode.
This review also included the number needed to treat (NNT)
measure which is a clinically relevant format for presenting statis-
tical information about an intervention to promote appropriate
clinical decision making. The NNT of five for one additional AD
patient to achieve remission of depressive symptoms was com-
parable to the NNT of between one and eight estimated for the
treatment of depression in cognitively intact older individuals [56].
The other review and meta-analysis of seven RCTs with 330 sub-
jects, all included in the previous meta-analysis [56], found that the
odds ratio for six trials reporting treatment response rates with
antidepressant and placebo confirmed the previous analysis [57].

Most of the current evidence on antidepressants in AD
patients with depression come from two relatively large RCTs
with data on long-term response [58,59], both substantially
negative. (Table 1). Furthermore, in both trials, there were
more adverse effects associated with active treatment than
placebo [58,59] (Table 1). The first was the Health Technology
Assessment Study of the Use of Antidepressants for Depression
in Dementia (HTA-SADD) trial conducted in 326 people with AD
and depression [58], therefore the largest study of SSRI treat-
ment for depression in dementia. This was a RCT with 13- and
39-week follow-up and participants were randomized to receive
sertraline (n = 107, target dose 150 mg daily), mirtazapine, a
noradrenergic and specific serotoninergic antidepressant
(n = 108, target dose 45 mg daily), or placebo (n = 111).
Individuals included in this study met criteria for probable or
possible AD and demonstrated co-existing depression based on
a score of 8 or superior on the CSDD. The results of this RCT
indicated that all three groups (sertraline, mirtazapine, and
placebo) demonstrated a decreased severity of depression mea-
sured by CSDD score at 13 and 39 weeks of treatment com-
pared with baseline. There was no difference, however,
between sertraline versus placebo, mirtazapine versus placebo,
or sertraline versus mirtazapine, indicating an absence of clin-
ical efficacy of these antidepressants versus placebo [57]. In
looking at secondary outcomes, including disease-specific
health-related quality of life, generic quality of life, withdrawal
from treatment, cognition (change in MMSE), behavior pro-
blems (NPI), and drug adherence, there were no differences
between sertraline and placebo. Adverse reactions were more
common in the sertraline group versus placebo with gastroin-
testinal reactions most common in the sertraline group. There
was no difference in serious adverse events between the pla-
cebo group and the sertraline group [58].

The other RCT was a follow-up study (DIADS-2) including 135
people with AD [60] and depression and also failed to show

benefit of sertraline in comparison with placebo [59] (Table 1).
The DIADS-2 was a RCT with 12 and 24-week follow-up [59-62].
Participants with mild-to-moderate AD and depression were
randomized to receive sertraline (n = 67, target dose of 100 mg
daily) or placebo (n = 64). There was no evidence for efficacy of
sertraline versus placebo on mood outcomes (modified ADCS-
CGIC and CSDD scores) or remission [59] (Table 1). In looking
specifically at caregivers of participants enrolled in DIADS-2, it
was found that treatment of participants with sertraline versus
placebo did not significantly affect a number of outcomes for
caregivers including depression (measured with the Beck
Depression Inventory), distress (measured with the NPI-
Distress), burden (measured with the Zarit Burden Interview),
and quality of life (measured with the Medical Outcomes Study
Short Form Health Survey) [63]. Using a number of cognitive
measures including the MMSE, the cognitive subscale of the
Alzheimer's Disease Assessment Scale, Digit Span Subtest,
Letter Fluency, Symbol Digit Modalities Test, and finger-tapping
test, it was found that sertraline treatment did not have any
significant effect in terms of improvement or deterioration on
any of the cognitive outcomes [64].

A subsequent review and meta-analysis specifically focusing
on SSRI and serotonin-norepinephrine reuptake inhibitors (SRNI)
treatment for depression in dementia was published in 2012 [65].
This review analyzed five different RCTs on SSRI treatment for
depression in dementia: sertraline (DIADS) [46], fluoxetine [48],
sertraline (HTA-SADD) [58], sertraline (DIADS-2) [59], and sertra-
line [66] (Table 1), Overall, the meta-analysis found non-signifi-
cant effects for SSRI treatment on depression in dementia
concluding that the evidence supporting use of SSRIs for depres-
sion in dementia appeared to be quite weak, with small
responses in those with subsyndromal levels of depression [65].
In looking at the individual RCTS included in the meta-analysis,
the small study by Magai and colleagues conducted in female
nursing home patients with late-stage AD and depression, found
no significant effect of sertraline versus placebo on depression in
dementia as measured with the CSDD [66] (Table 1). An exten-
sion of the HTA-SADD trial above mentioned [57], looked at cost-
effectiveness of using sertraline for treating depression in
dementia [67]. This study found that sertraline and mirtazapine
were not cost-effective versus placebo in reducing depressive
symptoms using the CSDD. There was evidence, however, that
mirtazapine may be cost-effective if considering wider outcomes
including impact on caregivers and quality of life [67,68].

The dual antidepressant SRNI venlafaxine increases serotonin,
norepinephrine, and dopamine neurotransmitters. A RCT tested
the efficacy of the immediate-release venlafaxine (75 mg/day)
against placebo for depression, as measured with MADRS in 31
outpatients meeting DSM-IV criteria for depression and dementia.
No statistically significant differences in MADRS scores were found
between drug and placebo groups [69] (Table 1). More recently,
the 12-week randomized controlled trial DIADS-3 examined the
safety of venlafaxine at a target dose of 225 mg daily for the
treatment of depression in patients with AD, and it has ended on
October 2017 (ClinicalTrials.gov Identifier: NCT01609348) [70].
Treatment would be considered efficacious if the proportion of
worse categories is lower under treatment than under control on
the ADCS-CGIC and improvements on the CSSD, as primary



outcomes. Furthermore, the RTC examine in a proof of concept,
the safety of venlafaxine at a target dose, but no results are
presently available. Moreover, a comprehensive review examined
ten selected RCTs (N = 1,646) [71], and of these, the majority of
trials that examined antidepressants in this patient group were of
small sample size (six RCTs with N < 100), employed the HRSD to
measure depression (six RCTs), included a treatment duration of six
to eight weeks (seven RCTs), and four studies used sertraline as
antidepressant. No difference between antidepressant and pla-
cebo was suggested in six of the ten selected RCTs [71].

Escitalopram is the active enantiomer of citalopram.
Escitalopram was found to be efficacious and safe for the
treatment of depressed AD at 8 weeks, in open-label study
of Rao and colleagues, who used the NIMH consensus cri-
teria for the diagnosis of depression in AD and a cut-off
score in CSDD >7 [72]. Two RCTs about escitalopram in
depression in AD and VaD were actually terminated [73] or
completed [74] without published findings. A 12-Week RCT
to evaluate the efficacy of escitalopram for the treatment of
depression in AD was completed in July 2014. Change in
CSDD from baseline after 12 weeks of between treatment
groups was evaluated, but escitalopram was not signifi-
cantly better than placebo in improving mood or cognition
in dementia subjects with concurrent depressive symptoms
[75] (Table 1). However, exploratory analysis suggested that
further research on subjects with more severe depressive
symptoms (i.e. definite major depression, baseline CSDD
score >18) is needed.

More recently, Mokhber and colleagues completed a small,
12-week RCT comparing sertraline, venlafaxine, and desipra-
mine in 59 individuals with AD [76] (Table 1). The DSM-IV
criteria and a semi-structured interview by the study psychia-
trist were used to diagnose major depressive disorder.
Significant improvements in comparison to the baseline were
found in all three outcome measures: HDRS, MMSE, and Barthel
scale (a measure of function that rates variables of instrumental
activities of daily living and mobility) only for sertraline com-
pared with baseline. The small sample size, the absence of a
placebo control group, and the utilization of a non-validated
rating scale in this population make it difficult to draw firm
conclusions from these data [76] (Table 1). Furthermore, the
most recent comprehensive systematic review and meta-analy-
sis pooled the status of recent RCTs for the pharmacological
treatment of depression in AD [77]. This recent meta-analysis (6
RCTs, 297 patients treated with antidepressants and 223 with
placebo) failed to show significant differences between antide-
pressants and placebo for response to treatment [77], although
the analysis trended toward treatment response, with the smal-
ler trials contributing a positive effect of antidepressants.

There are a number of older and generally smaller trials
which have investigated TCAs and monoamine oxidase inhibi-
tors [53,54,78,79] (Table 1). Fuchs and colleagues reported that
the tetracyclic antidepressant maprotiline was significantly bet-
ter at improving depression scores compared with placebo on
the Geriatric Depression Scale (GDS), but with some methodo-
logical challenges [79] (Table 1). The quality of these studies
reflects their age, in fcat, the outcome measures used were not
developed or validated for use in dementia. These RCTs often
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did not meet the quality thresholds needed for inclusion in
modern systematic reviews/meta-analyses. In particular, two
RCTs explored the effects of imipramine on depression in
dementia and found no benefit over placebo [54,80] (Table 1).

Therefore, at present, no clear pharmacological treatment
algorithms for depression in AD and dementia exist. Emerging
evidence on the neurobiological substrates of depression in AD
has led to investigation of repositioned and novel antidepres-
sant drugs in dementia as an alternative to classical antidepres-
sant [81]. Idalopirdine, a serotonin 5-hydroxytryptamine-6
(5-HT6) receptor antagonist, has cholinergic, glutamatergic,
dopaminergic and noradrenergic properties and the potential
to augment multiple neurotransmitter systems to improve cog-
nition. Although two dosages of idalopirdine failed in a Phase Il
RCT on cognition of AD patients [82], a growing number of
preclinical/clinical studies supported the use of 5-HT6 receptor
antagonism to treat not only cognitive dysfunction but also
behavioral alterations in AD [19]. 5-HT6 receptor antagonists
have shown to induce antidepressant-like activity in rodents
[83,84]. Systemic administration of the 5-HT6 receptor antago-
nist produced a significant reduction in immobility time in the
rat forced swimming test, with a similar profile in terms of 5-
HT6 receptor occupancy, measured by binding assay. These
data suggest that 5-HT6 antagonists, at doses corresponding
to those that occupy central 5-HT6 receptors, could have an
antidepressant effect in humans. This may differentiate 5-HT6
antagonists from acetylcholinesterase inhibitors (AChEIls) with
respect to mood control in the symptomatic treatment of
AD [85].

S47445 is a novel positive allosteric modulator of alpha-
amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid (AMPA)
receptors. S47445 enhanced glutamate action at AMPA recep-
tors on human and rat receptors and was inactive at NMDA
and kainite receptors [86]. S47445 is being developed for the
treatment of AD and depression. Efficacy and safety of three
doses of S47445 versus placebo in 520 patients with AD at
mild-to-moderate stages with depressive symptoms was
ended in December 2017. A 24-week Phase Il RCT in mono-
therapy was followed by an optional 28-week extension per-
iod in co-administration with donepezil. Biomarker
ascertainment of the diagnosis was not required. The trial
compared a six-month course of either 5, 15, or 50 mg of
S47445 or placebo, taken once daily, against change on the
Alzheimer’s Disease Assessment Scale — cognitive subscale as
a primary outcome. Secondary outcomes included a range of
clinical measures of cognition, global function, vital signs, and
depression. The trial found no significant differences between
drug and placebo groups on the primary outcome or on
secondary measures of daily function or depression for either
of the three doses used. The drug did get into the cerebral
spinal fluid (CSF), increased glutamate in the brain, and was
safe, yet failed to show the desired benefit (ClinicalTrials.gov
Identifier: NCT02626572) [87].

One RCT supported the potential usefulness of vortioxetine
in the treatment of older depressed patients. Interestingly, the
participants randomized to vortioxetine demonstrated a sig-
nificant improvement in cognitive function (verbal memory
and executive functioning) compared to those randomized
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to placebo [88]. This finding extends to older patients similar
findings reported in younger patients with major depressive
disorder. However, despite a favorable recommendation of its
Psychopharmacologic Drug Advisory Committee, the FDA has
rejected a label expansion for vortioxetine with the claim of its
specific effectiveness in the treatment of cognitive dysfunction
in patients with major depressive disorder. Thus, it remains
unclear to what extent vortioxetine may have an advantage
over other antidepressants in this regard. The effect of vortiox-
etine on cognitive functions in older patients with mild cog-
nitive impairment (MCl) or early dementia needs to be
assessed with a broader neuropsychological test battery [89].

3. Clinical trials on other compounds for the
treatment of depression in Alzheimer’s disease

A series of open-label studies [90,91] and RCTs [92-95]
(Table 2) with AChEls have assessed depression response in
AD patients. It has been well reported that SSRIs plus AChEls
treatment displayed protective effects on cognition of AD
patients [91-94] (Table 2). Requena and colleagues examined
the response to either donepezil alone/or in combination with
a cognitive stimulation treatment in a group program in 86
individuals fulfilling criteria for AD. The combined treatment
group achieved an overall better response than the only-drug
group [90]. In the 28-week RCT of Gauthier and colleagues,
significant differences for depression/dysphoria, anxiety, and
apathy/indifference in the NPI were observed for the group
treated with the AChEl donepezil [94] (Table 2). Other open-
label studies [96,97] and one RCT [98] (Table 2) found only a
transient improvement of depressive symptoms. Finally, some
open-label studies with the AChEI rivastigmine reported stabi-
lization on behavior parameters, whereas depressive symp-
toms worsened slightly after initial treatment or did not
improve [99,100].

Few studies have tested the use of mood stabilizers as a
treatment for depressive symptoms in dementia. Lithium has
been shown to inhibit the activity of glycogen synthase
kinase-3 (GSK-3), which is considered as a mediator of AD-
related hyperphosphorylation of tau, forming paired helical
filaments and neurofibrillary tangles [101]. Therefore, lithium
has been suggested to have potential therapeutic effects in
AD. A 10-week RCT on lithium was conducted in a sample of
71 AD patients, but depression/dysphoria NPI subscores did
not show a significant change, neither on CSF-based biomar-
ker concentrations [102] (Table 2). In a RCT of tideglusib,
another GSK-3 inhibitor, del Ser and colleagues evaluated its
safety and tolerability as the primary outcomes and its effects
on cognition and depressive state (15-item GDS) as secondary
outcomes in 30 mild-to-moderate AD patients, who were
already on a AChEI treatment. Although treatment was well
tolerated, tideglusib did not produce statistical significant
improvement in GDS scores after 20 weeks [103] (Table 2).
There are also limited data available for the role of carbama-
zepine in treating NPS in AD also because of its side effects.
Tariot and colleagues reported some benefit for carbamaze-
pine compared with placebo in a small 6-week RCT (n = 51) on
the scores of the Brief Psychiatric Rating Scale (which includes

items measuring emotional withdrawal and depressive mood)
and clinical global impression [104] (Table 2).

Aripiprazole is the first developed antipsychotic agent that
is a partial dopamine D2 receptor agonist, as well as a seroto-
nin 5HT2A receptor antagonist and a 5HT1A receptor partial
agonist. In a RCT conducted in 131 institutionalized individuals
with AD and psychotic symptoms, aripiprazole demonstrated
improvement in CSDD scale among other secondary measures
[105] (Table 2). The primary outcome measures were the NPI-
Nursing Home Version and the Clinical Global Impression-
Severity of illness (CGI-SI). However, aripiprazole is not
approved to treat dementia-related NPS and has received a
FDA “black box” warning.

Methylphenidate is a dopamine and norepinephrine uptake
inhibitor and dopamine releaser. Padala and colleagues con-
ducted a 12-week RCT with methylphenidate, which was
titrated to 10 mg twice daily within 2 weeks, in a sample of
60 veterans with AD that met the DSM-IV-TR criteria for AD
[106] (Table 2). In this study, the Apathy Evaluation Scale was
the primary outcome measure. However, significant improve-
ment in depression was reported at 12-week assessments over
baseline, which was measured with CSDD [106] (Table 2).

Sparks and colleagues conducted a pilot RCT with a 1-year
exposure to once-daily atorvastatin calcium (80 mg; two 40-
mg tablets) or placebo [107] (Table 2). An analysis design
conducted in 63 subjects, pre-post treatment difference in
GDS scores was found to be significant. In addition to the
primary mechanism of action, the antidepressant effect may
have been related to secondary mechanisms of action includ-
ing anti-inflammatory or vascular effects.

The role of estrogens in improving depressive symptoms of
AD patients seems to be controversial. It has been found that
the apolipoprotein E (APOE) €4-negative genotype may med-
iate positive mood effects, resulted by the AChEI tacrine [108].
This is not true for hormone replacement therapy (HRT) admin-
istration. However, different patterns of depression response to
HRT, measured with different scales, are more likely to occur
when the APOE genotypes are taken into account [109,110]
(Table 2), probably for the reported gender differences existing
in explaining the effect of this genotype in older age [111].

Nimodipine is a calcium channel blocker, clinically used
mainly as an antihypertensive. In a multicenter RCT, 90 mg of
nimodipine were administered orally for 12 weeks (after a
2 weeks initiate placebo washout treatment period) in 178
patients who suffered from primary degenerative or multi-infarct
dementia (DSM-III criteria). Nimodipine was found to be signifi-
cantly superior to placebo in the total HDRS score [112] (Table 2).
Moreover, Loeb and colleagues examined whether the antibio-
tics doxycycline and rifampin had a therapeutic effect in 101 AD
patients, since chronic chlamydia pneumoniae infection has
been suggested to play a role in AD pathology, but there were
no significant differences in GDS scores between groups at 3, 6,
and 12-month assessments [113] (Table 2). Similarly, Molloy and
colleagues reported no statistically significant changes in depres-
sion scores as measured with CSDD and GDS in a 12 month
follow-up [114] (Table 2).

Deficiencies of folate and vitamin B12, necessary co-factors
in the synthesis of S-adenosil methionine (SAMe), may account
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for decreased SAMe levels, especially in patients with depres-
sion and dementia. Some studies have shown that with either
oral or parenteral treatment, SAMe crosses the blood-brain
barrier and increases CSF levels, including in patients with
neuropsychiatric conditions. SAMe deficiency in CSF has been
reported in patients with rare inherited defects in folate and
methionine metabolism [115,116] as well as in more common
diseases such as depressive disorders, AD, and Parkinson’s dis-
ease, suggesting a possible disturbance of methylation in such
patients and the need for trials of SAM treatment [117].

4. Pharmacogenetic factors

The management of depressive symptoms and/or the response
to psychotropic drugs should be driven by pharmacogenetic
factors, including pathogenic, mechanistic, metabolic, transpor-
ter, and pleiotropic genes, but few studies have been con-
ducted on the pharmacogenetic factors influencing
depression in AD [118,119]. Pharmacogenetic data fingerprint
the pharmacological treatment of neuropsychiatric late-life con-
ditions throughout the analysis of metabolizing enzymes and
transporters of psychotropic drugs, mainly those of the cyto-
chrome P450 (CYP) family. Pharmacodynamic response mea-
sures as treatment effects mediated through targets (i.e. 5HT
receptors) may also contribute to this image [120]. The ten-
dency of older people to develop therapeutic failure to psy-
choactive medications is often due to physiological
pharmacokinetics and pharmacodynamics changes associated
with aging and comorbidity. Multiple allele variants of the
CYP2D6, CYP2C19, CYP2C9 and CYP3A4/5 genes have been
identified and were associated with a range of enzymatic activ-
ities influencing the metabolizer phenotype observed in clinical
practice, making it the first candidate for a genetic analysis, in
particular in patients with neuropsychiatric illnesses such as
depressive disorders [120].

5. Conclusions

The findings of the present reviewed RCTs raised the possi-
bility that the etiology of symptoms of depression in indi-
viduals with dementia may be fundamentally different than
the etiology of symptoms of depression in individuals with-
out dementia, maybe as a consequence damage and neu-
ronal loss of the dementia process [121]. On the other hand,
there is a need for further well designed multicenter RCTs
which adhere to high standards of methodology and report-
ing and include diagnostically homogenous populations and
large samples. The lack of a clear body of evidence makes it
difficult to use the available findings to inform evidence-
based policy about whether antidepressants are effective in
treating depression in people with AD. Regarding classical
antidepressant medications, sertraline was the one most
frequently studied in RCTs. An alternative hypothesis to
underlined deficits in monoamine and cholinergic neuro-
transmitters, includes dysfunction in glutamatergic transmis-
sion. Furthermore, a substantial body of evidence suggested
the involvement in shared NMDA-regulated signaling path-
ways in depression and AD and a possible overlap of dis-
ease neurobiology. Although the RTC with the new

glutamatergic agent S47445 had a failure, the add-on with
donepezil is ongoing. Coherently with this line of thought,
newer data suggest that the antidepressant effect of keta-
mine may be due to the effect of one of its metabolites, i.e.
hydroxynorketamine (HNK), that does not bind to NMDA
receptors, but increases the level of the AMPAR protein
receptor [122]. However, in the absence of relevant data
to late-life depression, it is not clear whether older patients
would benefit similarly to younger ones. Instead, the new
multimodal antidepressant vortioxetine appeared to be pro-
mising, particularly in depression with MCI. Future longitu-
dinal studies should be conducted in late-life depression
and MCI patients with a ‘defective’ genotype of TGF-f 1
gene to assess whether antidepressant drugs, such as fluox-
etine, can exert a disease-modifying activity and delay cog-
nitive decline in preclinical AD by rescuing of TGF-f31
signaling [35]. In conclusion, further well-powered RCTs are
needed before significant changes in current clinical prac-
tice may be introduced.

6. Expert opinion

Personalized medicine, that is, diagnosis and therapy based on
an individual’s unique genetic, phenotypic and environmental
exposure [123] could be the future of psychiatric medical
practice. Therefore, there is a call for further research in iden-
tifying biomarkers [124] and treatments for depression in AD
extent beyond the monoaminergic hypothesis [20].

Theoretical constructs of depression and other NPS in
neurodegenerative disorders, along with instruments for
their measurement, continue to evolve with methodological
implications [81]. Very recently, the NPS Professional Interest
Area of the International Society to Advance Alzheimer
Research and Treatment (ISTAART) proposed research diag-
nostic criteria for mild behavioral impairment (MBI), as an
extension of the preexisting MBI construct to include, but
not mandate cognitive impairment, including MCl in the
MBI framework [125] and depressive symptoms could be
considered a MBI [126]. Practice guideline update summary
for MCl recommend that clinicians should evaluate patients
with MCI for modifiable risk factors, assess for functional
impairment, and assess for and treat behavioral/neuropsy-
chiatric symptoms such as depression (Level B) [127]. At
present, consensus guidelines from medical organizations
and working group statements recommended non-pharma-
cological approaches and watchful waiting be attempted for
the first 8 to 12 weeks in a patient who presents with both
mild-to-moderate depression and dementia as first-line
treatment, except in emergency situations where these
symptoms may lead to imminent danger to patients and/
or requiring hospitalization [128-131].

In the next future, considering genetic background may be
also important and recent studies showed that genotyping
may boost antidepressant treatment success in AD [132].
Receptor and transporter-encoding gene variations can act,
alone or in combination, with other genetic or molecular
factors in altering depression response in general and particu-
larly in the presence of AD pathology. Gene polymorphisms
may modulate mood [133] and antidepressant action [134] as



well as interfere with pathogenic proteins and molecular pro-
cesses (genes, receptors, transmitters, enzymes, neural proces-
sing cascades) [120] implicated in AD. A significant association
was found between the APOE €4 allele and an increase in
agitation/aggression, hallucinations, delusions, and late-life
depression in AD [135], suggesting a possible role of genetic
factors also in RCTs designed for the treatment of depression
in dementia and AD [109-111]. Therefore, of particular interest
in dementia is APOE polymorphism in terms of behavior,
mood and therapeutic response to conventional treatments,
either anti-dementia drugs or psychotropic drugs [135]
Pioneering pharmacogenomic studies also demonstrated
that the therapeutic response in AD is genotype-specific,
with APOE €4 carriers as the worst responders to conventional
treatments [118].

In the past frame of DIADS, gene variations on 5HT2A and 2C
receptors, S5HTT-LPR serotonin transporter and brain-derived
neurotrophic factor revealed no influence on sertraline response
[136], regardless depression severity [62]. Although the contro-
versial cost-effectiveness of genotyping, tests for structural var-
iants in the genes for CYP isoenzymes and for polymorphisms of
neurotransmitter transporters and receptors may identify indivi-
duals with a greater or lesser likelihood of responding to psycho-
tropic medications [120]. It seems that knowledge of certain
genetic variants associated with drug metabolism aids in the
prediction of the response to antidepressant treatment and the
remission of symptoms, thus contributing to an improvement in
the management of the disease.
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