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Abstract

INTRODUCTION—Alzheimer’s disease (AD) is a disabling, common cause of dementia and 

agitation is one of the most common and distressing symptoms for patients with AD. Escitalopram 

for Agitation in Alzheimer’s Disease (S-CitAD) tests a novel, clinically derived therapeutic 

approach to treat agitation in AD patients.

METHODS—S-CitAD is a NIH-funded, investigator-initiated, randomized, multicenter clinical 

trial. Participants receive a structured psychosocial intervention (PSI) as standard of care. 

Participants without sufficient response to PSI are randomized to receive 15mg escitalopram/day 

or a matching placebo in addition to PSI. Primary outcome is the Modified Alzheimer’s Disease 

Cooperative Study - Clinical Global Impression of Change (mADCS-CGIC).

DISCUSSION—S-CitAD will provide information about a practical, immediately available 

approach to treating agitation in patients with AD. S-CitAD may become a model of how to 

evaluate and predict treatment response in patients with AD and agitation as a neuropsychiatric 

symptom (ClinicalTrials.gov Identifier: ).
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Alzheimer Dementia; Escitalopram; Agitation; Neuropsychiatric symptoms; Randomized trial; 
Psychosocial intervention
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1. Introduction

Functional and cognitive impairment along with common behavioral changes 

(neuropsychiatric symptoms; NPS) are typical, frequent, and distressing symptoms in 

patients with Alzheimer’s disease (AD). Common NPS include agitation, depression, 

anxiety, apathy, delusions, and hallucinations [2]. Almost all patients with AD experience 

NPS at some point [3]. Agitation, one of the most serious and debilitating consequences of 

AD for patients, caregivers, and families, is characterized by emotional distress, disruptive 

and/or aggressive behavior, disinhibition, and increased psychomotor activity [4]. The 

estimated 5 year period prevalence of agitation in AD is about 45% [3]. Agitation limits 

options to receive and stay in care and thus burdens both patients and caregivers [5]. The 

CitAD trial (Citalopram for agitation in Alzheimer’s disease) reported encouraging 

outcomes for treatment of agitation in AD patients [4]. Racemic citalopram was effective, 

with 40% of citalopram-treated participants experiencing clinical improvement vs. 26% on 

placebo. Moreover, CitAD identified a subgroup of patients, characterized by a 

predominance of affective symptoms [6], which benefitted most from citalopram treatment 

[7]. However, citalopram was associated with cognitive worsening and prolongation of the 

ECG-QTc interval. In blood concentration models, cognitive and cardiac changes were 

associated with the R-enantiomer, while clinical improvements were primarily associated 

with the S-enantiomer (escitalopram) [8].

2. Methods

2.1. Recruitment, eligibility, and Institutional Review Board review

Study participants are recruited from memory clinics, geriatric psychiatry clinics, day 

hospital programs, Veterans Administration geriatric clinics, and Alzheimer’s Research 

Centers. To increase external validity and applicability of findings outside of academic 

centers we include private practices as recruitment sites. AD patients residing in long-term 

care facilities are excluded because CitAD indicated lack of efficacy in that population [7]. 

S-CitAD participants have Alzheimer’s dementia (AD) diagnosed clinically by the NIA and 

the Alzheimer’s Association (2011 NIA/AA) criteria, with Mini-Mental State Examination 

(MMSE) [9] scores of 5 to 28, inclusive. Participants must also meet the IPA provisional 

criteria for agitation in cognitive disorders [10] and have clinically significant agitation/

aggression as assessed by the Neuropsychiatric Inventory (NPI).

Exclusion criteria include a major depressive episode in the past 90 days by Diagnostic and 

Statistical Manual of Mental Disorders, 5th Edition (DSM-5) criteria, presence of another 

brain disease that fully explains the dementia, (e.g., extensive brain vascular disease, 

Parkinson's disease, dementia with Lewy bodies, traumatic brain injury, or multiple 

sclerosis), and contraindication to treatment with a selective serotonin reuptake inhibitor 

(SSRI). Supplementary Table 1 shows an overview of the study design and a detailed list of 

entry criteria.

S-CitAD utilizes a hybrid single Institutional Review Board (sIRB) structure. Sites are 

permitted to rely on a local IRB since S-CitAD preceded the mandatory sIRB policy for 

federally funded, multicenter studies in the United States [11].
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2.2. Study flow, randomization, and masking

The study flow is shown in Figure 1. S-CitAD participants initially receive a non-

pharmacologic psychosocial intervention (PSI) for three weeks and move on to 

randomization only if they do not respond to this intervention (see 2.3.). Participants who do 

not improve on the PSI are randomized in a 1:1 ratio to receive escitalopram or matching 

placebo in addition to the PSI. Participants who do improve sufficiently on the PSI (see 2.3.) 

are followed in an observational arm of the study to characterize the duration and course of 

the treatment response. The Coordinating Center (CC) generated the treatment assignment 

schedule with permuted blocks of varying length, stratified by clinical center (SAS/STAT 

software, version 9.3; SAS Institute, Cary, NC). Participants, their caregivers, and clinical 

center personnel are masked to treatment assignment. Masking is accomplished by use of a 

specifically manufactured, matching placebo.

2.3. Psychosocial intervention

Every study participant along with a primary caregiver receives the PSI as minimal standard 

of care. The PSI was developed for the Clinical Antipsychotic Trials of Intervention 

Effectiveness Study (CATIE) [12], then modified and used successfully in the Depression in 

Alzheimer's Disease Study-2 (DIADS-2) and in CitAD [13]. It was designed as a practical, 

easy to administer intervention, and benefits both patients and caregivers. In CitAD, we 

observed moderate or marked improvement in agitation in 26 percent of participants 

receiving the PSI along with placebo, typically within 3 weeks [14]. The PSI consists of 

three components: 1) a 20- to 30-minute counseling session at each in-person visit, 2) the 

provision of educational materials, and 3) 24-hour availability for crisis management 

assistance, with counselling over the telephone as appropriate. PSI sessions led by a trained 

clinician include:

• Review and potential adjustment of the patient and caregiver supportive care 

plan;

• Opportunity to discuss feelings and emotional support;

• Counseling regarding specific care-giving skills;

• Assistance with problem-solving of specific issues brought up by the caregiver or 

study participant;

• Discussion of the educational materials (The 36-Hour Day [15] and the Johns 

Hopkins Dementia Care Guidelines for Caregiver [16]).

Clinically significant improvement in agitation is defined as a score of either 1 or 2 

(moderate improvement or marked improvement) on the Modified Alzheimer’s Disease 
Cooperative Study - Clinical Global Impression of Change (mADCS-CGIC) [17].

2.4. Concomitant pharmaceutical treatment

Study participants who do not show a clinically significant improvement with PSI are 

randomized to receive either escitalopram or matching placebo. CitAD revealed that almost 

all clinical response to PSI occurred by three weeks. In CitAD, patients were treated with 

citalopram, a racemic mixture of the enantiomers R- and S-citalopram (escitalopram). Given 
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findings from CitAD, we believe that for AD patients escitalopram is safer than and at least 

as efficacious as racemic citalopram. Evaluation of its efficacy in the absence of racemic 

citalopram is necessary [8].

The target dose of escitalopram in S-CitAD is 15 mg/d provided as a single dose in the 

morning, reflecting the amount of escitalopram present in 30 mg of racemic citalopram. We 

allow a variety of concomitant medications to represent usual clinical practice and thereby 

increase external validity of the trial. Participants remain on treatments needed for medical 

co-morbidities. Lorazepam (up to 0.5 mg daily and up to 3 out of 7 days) and trazodone (up 

to 100 mg nightly) are allowed to treat episodes of more intense agitation (rescue 

medication) and significant sleep disturbance, respectively. Permissible and non-permissible 

medications are listed in Supplementary Table 2.

2.5. Main outcome measures and comparisons

The primary outcome measure is the mADCS-CGIC (Supplementary Table 1), one of the 

primary outcomes used in CitAD. We will assess this measure in participants of the 

observational as well as the interventional arms to determine whether drug or placebo offer 

an added benefit. The mADCS-CGIC is a systematic assessment, developed for the AD 

setting to assess clinically significant change in a patient’s condition over time. A trained 

clinician, masked to treatment assignment and other outcome measure results, uses a 7-point 

Likert scale to rate each patient along a continuum from marked improvement to marked 

worsening, based on an interview with the caregiver, an examination of the patient, and a 

reference to observations recorded at the initial visit. The semi-structured mADCS-CGIC 

requires the assessor to consider aspects of the agitation prior to providing a “global” 

assessment of change. These include: emotional or psychomotor agitation, verbal or physical 

aggression, and mood liability/distress. We will calculate the proportion of participants in 

each of the three study arms showing clinically significant improvement in agitation - 

indicated by a rating of ‘moderate’ or ‘marked’ improvement on the mADCS-CGIC - at 

week 12 in the intention-to-treat population. The primary analysis will use an unadjusted 

two-sided test of the proportions with a significance threshold of p = 0.049.

The groups will be compared using Fisher’s exact test. We will report the relative risk and 

95 percent confidence intervals and will perform sensitivity analyses, including:

1. A per-protocol analysis according to the treatment participants received;

2. Classifying participants with missing outcome data as having significant 

improvement;

3. Multiple imputation of mADCS-CGIC scores for missing outcomes; and

3. Stratified analysis to examine possible effects of clinical site or baseline use of 

antipsychotics.

S-CitAD will perform a proportional odds analysis of the categorical mADCS-CGIC using 

ordinal logistic regression. This method has an adequate Type I error proportion under the 

null hypothesis and provides substantial gains in efficiency relative to a binary analysis [18].
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Other important outcomes include the agitation, aggression, and dysphoria domains of the 

Neuropsychiatric Inventory – Clinician Rating (NPI-C) [19], domains of the 

Neuropsychiatric Inventory (NPI) [20], and the Alzheimer’s Disease Cooperative Study-

Activities of Daily Living Scale (ADCS-ADL) [21]. The NPI-C is designed especially for 

clinicians to provide structured input to NPS rating [19]. It offers more granularity than the 

NPI since each sub-item is individually rated instead of producing one global score for a 

behavioral domain—as with NPI.

The NPI is the most widely-used measure of twelve NPS domains in dementia clinical trials. 

In S-CitAD, the ten NPI domains administered do not include agitation/aggression or 

dysphoria (at select visits) to avoid redundancy with the NPI-C. The frequency by severity 

NPI score will be used to measure changes in “other” NPS over time.

The ADCS-ADL (Supplementary Table 1) assesses functional performance in patients with 

AD. In a structured interview format, informants are queried whether subjects attempted 

each of 24 items in the inventory during the prior 3 weeks and their performance.

For continuous measures of efficacy and/or safety, analyses will estimate parameters with 

generalized estimating equations (GEE) using a saturated means model that includes 

indicators for visit and visit-by-treatment interaction and an unstructured covariance 

structure. If residuals are not normally distributed, violating regression assumptions, non-

parametric Wilcoxon rank sum tests will be used to quantify differences. For non-continuous 

measures of outcome, proportions by treatment group will be tabulated and compared with a 

chi-square test or Fisher’s exact test.

A list of neuropsychological, neuropsychiatric, and other measures in S-CitAD are shown in 

Supplementary Table 1.

Details on study organization, data collection, treatment unmasking, and sample size and 

power considerations are described in the Appendix.

3. Discussion

3.1. Selective serotonin reuptake inhibitors (SSRIs) for treating agitation in patients with 
AD

Despite advances in our understanding of the neuroanatomy, neurochemistry, and 

neurophysiology of cognitive phenotypes, there has been less progress in understanding the 

complex NPS phenotypes of AD. An international consortium [22] proposed that NPS result 

from damage to frontal-subcortical or cortico-cortical networks that mediate emotional 

processing, and/or from loss of regulation of these circuits by ascending monoaminergic 

systems, including the serotonin system. Neuropathologic studies suggest that cell loss in the 

dorsal raphe (major site of cortical serotonin) in patients with AD is three times greater than 

in controls and comparable to losses in nucleus basalis and locus coeruleus, providing strong 

evidence that serotonergic loss is widespread in AD [23]. In fact lesions of dorsal raphe 

serotonergic neurons become manifest in very early AD and affect projections to cortex [24]. 

The role of the serotonin loss in the biology of agitation in AD patients is supported by the 
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following convergent findings: (1) in neuropathologic studies agitation is associated with 

loss of serotonergic innervation to cortex [25][26], cholinergic-serotonergic imbalance [27], 

and reduced serotonin 5HT1A receptor binding in the temporal cortex [28]; (2) absence of 

serotonergic pathology is associated with absence of agitation [29]; (3) genetic studies report 

associations between agitation in AD and polymorphisms in genes for the 5-HT2A receptor 

[30] or serotonin transporter [31][32]; and (4) challenge studies, assessing the integrity of 

serotonergic function, suggest that agitated patients with AD have dysfunctional 

serotonergic systems [33][34].

SSRIs enhance functional serotonergic neurotransmission and are therefore hypothesized to 

compensate for the serotonin losses in AD patients. These drugs have a well characterized 

safety profile and are well tolerated by older patients with neurodegenerative diseases. 

SSRIs were initially FDA-approved for depression and some SSRI’s are also effective in 

patients with anxiety, panic disorders, and bulimia nervosa. CitAD [4] chose citalopram 

based on its neurochemical profile and success in treating agitation in AD patients in two 

prior RCTs [35][36]. Treatment was, however, associated with known SSRI-mediated side 

effects, delayed cardiac repolarization suggested by a prolongation of the ECG-QTc interval, 

as well as modest cognitive decline (approximately 1 point on the MMSE) of unclear 

clinical significance. The choice of escitalopram in S-CitAD is based on findings from 

racemic CitAD suggesting that the adverse effects were primarily related to R-citalopram 

with evidence of greater benefit with S-citalopram [8]. S-CitAD compares cognition across 

groups as a safety measure and excludes patients with abnormal ECG-QTc intervals 

(Supplementary Table 1). In case a prolonged ECG-QTc interval develops, a physician 

decides whether continuing on study medication is safe.

3.2. S-CitAD RCT design considerations

RCT results have been criticized for unclear clinical applicability as well as for favoring 

internal over external validity [37][38]. In S-CitAD, we test a realistic, immediately 

clinically applicable treatment sequence. Every participant receives the PSI as a first line 

treatment for agitation. Methodologically, the PSI lead-in phase serves to enrich the study 

population with initial PSI non-responders who are in need of an additional intervention. PSI 

responders will continue on PSI alone in the observational arm of the study. Twenty six 

percent of patients in the placebo arm of CitAD had a positive response on PSI largely 

within three weeks [39]. Should the patient not respond sufficiently, the treatment regimen is 

augmented by a pharmacologic treatment, escitalopram. The effect of citalopram in CitAD 

occurred relatively late, i.e. between weeks 6 and 9. S-CitAD consequently chose to closely 

follow-up participants for 12 weeks and added an extended follow-up period up to 24 

months to capture sustained effects of the intervention and to characterize groups of patients 

who may relapse (see 3.4.).

This proposed treatment sequence thus starts with an effective, simple, non-invasive, and 

safe intervention and is escalated only if needed. Meanwhile the PSI is not stopped but 

provided continuously throughout the trial. Patients who respond well to the PSI are 

followed in the observational arm of the study to determine whether and how long treatment 
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response to PSI is sustained. This arm will provide valuable data regarding the PSI that will 

help clinicians manage expectations and deliver the PSI effectively.

This RCT design is pragmatic because it tests the effectiveness of a treatment sequence that 

has considerable potential in managing agitation in patients with AD. Methodologically, we 

emphasize the external validity of the trial without substantially diminishing internal 

validity. We (i) allow for a variety of concomitant medications (Supplementary Table 2) that 

are very common in AD patients with agitation; only medications interfering with agitation 

are not allowed; (ii) support the caregiver as well as the patient with the PSI which is critical 

for the success of any intervention in AD patients with NPS; and (iii) aim to describe both 

treatment responders as well as patients at risk of relapse. Our target population is AD 

patients with moderate to severe agitation that is not well controlled.

3.3. Outcome assessment in S-CitAD and in future clinical trials targeting agitation: 
mADCS, NPI, and NPI-C

In clinical trials of interventions in AD it is important both to measure symptom severity and 

global psychosocial function; the latter is important to assess the clinical significance of 

changes in symptom severity, while the former is important for understanding the course and 

details of clinical response. In S-CitAD we focus on a global metric and aim to set a high 

standard for treatment response as we concluded that small responses were unstable and 

delayed the use of other therapies that might be more beneficial. As opposed to CitAD, S-

CitAD did thus not include the Neurobehavioral Rating Scale (NBRS) or the Cohen-

Mansfield Agitation Inventory (CMAI).

The primary outcome is the mADCS-CGIC as a clinical assessment of global function by a 

masked clinician using a semi-structured interview. This review the patient’s clinical status 

with the participant and caregiver allows for an evaluation of treatment effects of a clinically 

meaningful magnitude. The mADCS-CGIC is a modification of the original ADCS-CGIC 

[21] in that the assessment is focused on changes in agitation, rather than on functioning 

overall. Advantages of using the mADCS-CGIC as primary outcome include: (1) The final 

rating is the judgment of an experienced dementia clinician masked to treatment assignment; 

(2) It incorporates all available data except AEs, minimizing the risk of unmasking the rater; 

(3) Thorough narrative coverage of a wide range of ADL and IADL function incorporating 

observations made by caregivers in daily life to judge the clinical significance of changes; 

(4) mADCS-ADL provides a single ordinal outcome with concomitant statistical 

advantages; (5) Comparability between studies. Disadvantages include: (1) The rating is 

global and thus one cannot attribute changes to specific functional areas; (2) The 

administration of mADCS-CGIC as implemented in S-CitAD and prior studies (CitAD) 

requires two experienced clinicians for each visit, one for CGIC and one for AEs; (3) The 

integration of observations and history from informant and participant is often a judgment 

call by the rater, which may result in greater inter-rater variance.

NPI-C Agitation and Aggression domains were chosen as secondary outcomes. The NPI-C 

has more granularity than the original NPI in that each sub-item is individually scored, as 

opposed to the NPI which rates only a global score for the behavioral domain. Thus the NPI-

C might distinguish different types of emotional agitation or physical aggression which 
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could be useful in understanding outcomes. Additional advantages of the NPI-C include: (1) 

Each domain is designed to be a free-standing scale with all relevant items addressed at each 

visit, and (2) The distinction between agitation and aggression is another advantage over the 

NPI. The major disadvantage is that the NPI-C has limited validation data. Other secondary 

outcomes include: (1) The NPI (excluding Agitation/Aggression) to cover NPS other than 

agitation and aggression with the advantage of broadly covering NPS in AD and being very 

widely used in trials of interventions for NPS in AD, and (2) ADCS-ADL to assess whether 

changes in NPS correlate with changes in specific psychosocial functions. The ADCS-ADL 

was designed to be used in all stages of dementia severity [21][4].

3.4. Response predictors in CitAD and S-CitAD

Building on our hypothesis-generating findings from CitAD, we will assess factors that 

individually, or combined into an index score [7], best characterize treatment responders, 

including baseline affective or executive symptoms, blood levels of escitalopram, polygenic 

risk scores for related conditions/traits, age, severity of cognitive impairment, and severity of 

agitation. If replicated, this index score might be refined and used clinically. We aim to 

identify subgroups most likely to benefit from treatments, and illuminate mechanisms of 

action involved in treatment response. We hypothesize that particularly patients with 

baseline symptoms that are moderate-to-high on an affective scale and low on an executive 

scale (‘affective group’) will respond to escitalopram treatment [6]. Based on data from 

CitAD [6][7], S-CitAD anticipates that at baseline 29 percent of participants will belong to 

an ‘affective group.’ Of these, 13 percent will show a clinically significant response during 

the run-in period and thus not be randomized. Of the remaining 87 percent who proceed to 

the RCT phase, S-CitAD anticipates the placebo response to be 14 percent and the 

escitalopram response to be 52 percent. In the 71 percent of participants who do not fit the 

definition of an ‘affective group’, S-CitAD anticipates that 34 percent will show a run-in 

response, and of the remaining 66 percent, S-CitAD anticipates a placebo response of 30 

percent and an escitalopram response of 34 percent. Testing for an interaction between the 

treatment group and the ’affective group’ status, S-CitAD has an estimated 91 percent power 

to detect an interaction (risk ratio; RR=2.35) with a sample size of 352. We modeled these 

outcome predictions using 1000 Poisson regression simulations with terms for treatment 

group, ‘affective group’ status, and an interaction term, using a log link function.

Genetic markers that may predict treatment response will be assessed following two 

hypothesis-driven analytical approaches: 1) exploring the effects of single variants as in 

CitAD, and 2) using polygenic risk scores (PRSs) [40] to test whether the overall genetic 

risk for AD, depression, or response to escitalopram/citalopram for depression, predicts 

response to escitalopram for agitation in AD. Using existing public GWAS data on these 

phenotypes (dbGaP accession respectively: phs000360.v2.p1, N=18,663; phs000486.v1.p1 

N= 3,540; phs000360.v2.p1, N= 529) we will determine whether an increased genetic risk 

for these phenotypes predicts efficacy. For example, patients who develop AD despite a low 

genetic risk may respond differently to escitalopram treatment. Polygenic scores are a 

powerful means to explore the effect of genetic risk differences at the group level (i.e. 

responders vs. non-responders) and do not involve multiple comparisons.
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For clinical decision making it is paramount to determine groups that are likely to respond 

well to the PSI but also groups that are unlikely to respond to the PSI and are in need of 

pharmacological treatment.

3.5. Limitations

The trial was designed to test a promising therapeutic sequence that can be applied in many 

settings. Methodological trade-offs include the following: If the PSI is not initially effective 

and the participant is randomized to additional escitalopram or placebo, potential long-term 

effects of the PSI cannot be estimated since it is a component of both intervention arms. We 

accept this limitation because our primary aim is to test a practical treatment solution for AD 

patients with agitation. In addition, if there is a long-term effect of the PSI in both 

intervention arms, this might make it difficult for escitalopram to add more benefit for 

patients. We also cannot exclude the faint possibility that the PSI modifies the treatment 

effects in one intervention arm but not the other. Lastly, subgroup analyses might yield 

unstable or undetectable results if these subgroups are small.

4. Conclusion and expected impact of S-CitAD

S-CitAD will provide practical information about the effectiveness of an immediately 

available approach to treating agitation in AD. S-CitAD findings will also form the basis for 

later treatment development providing information on non-responders in different phases of 

this sequential approach, and becoming a model for how to evaluate response predictors in 

NPS treatment studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
S-CitAD study design schematic
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