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Abstract: Growing evidence supports the presence of social cognition deficits and social behavior
alterations in major and minor neurocognitive disorders (NCDs). Even though the ability to identify
socio-emotional changes has significantly improved in recent years, there is still no specific treatment
available. Thus, we explored evidence of drug therapies targeting social cognition alterations in
NCDs. Papers were selected according to PRISMA guidelines by searching on the PubMed and
Scopus databases. Only papers reporting information on pharmacological interventions for the
treatment of social cognition and/or social behavioral changes in major and/or minor NCDs were
included. Among the 171 articles entered in the paper selection, only 9 papers were eligible for
the scope of the review. Trials testing pharmacological treatments for socio-emotional alterations
in NCDs are poor and of low-medium quality. A few attempts with neuroprotective, psychoactive,
or immunomodulating drugs have been made. Oxytocin is the only drug specifically targeting the
social brain that has been tested with promising results in frontotemporal dementia. Its beneficial
effects in long-term use have yet to be evaluated. No recommendation can currently be provided.
There is a long way to go to identify and test effective targets to treat social cognition changes in
NCDs for the ultimate benefit of patients and caregivers.

Keywords: social cognition; pharmacological treatments; dementia; Alzheimer’s disease; neurocognitive
disorder; frontotemporal dementia; oxytocin

1. Introduction

Social cognition is a multifaceted, complex domain encompassing every cognitive
process aimed at recognizing and interpreting information acquired from the social environ-
ment, understanding one’s own or others’ behaviors, and modulating the way of thinking
and acting according to the requirements of different social situations [1]. The latest version
of the American Psychiatric Association’s Diagnostic and Statistical Manual for Mental
Disorders (DSM-V) included social cognition among the neurocognitive domains that can
be impaired in neurocognitive disorders (NCDs). Emotional blunting, lack of empathy or
sympathy, and loss of social awareness, together with social disinhibition and socially inap-
propriate behaviors, usually characterize the clinical presentation of the behavioral variant
of frontotemporal dementia (bvFTD) [2,3]. However, impairments in the theory of mind,
empathy, or emotion recognition can be found not only in bvFTD, but also in other major
NCDs, such as Alzheimer’s disease (AD) [4,5], and in minor NCDs, i.e., mild cognitive
impairment (MCI) [6], suggesting that an impairment of social cognitive subdomains can
be manifested even in a pre-dementia phase. In addition, elderly without dementia may
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also present deficits in social functioning due to mood changes, as proved in aged individ-
uals with major depressive disorder (MDD), one of the most prevalent neuropsychiatric
conditions among nursing homes resident without dementia [7–9]. In this group, social
signals processing, reward/pain, and mentalizing disorders are predominant [9].

The management of socio-emotional changes has a huge effect on a patient’s fam-
ily, caregivers, and the entire social network surrounding the patient. Both positive and
negative social behavior changes significantly impact on caregiver and patient quality of
life [10,11], affecting their social relationships [12] and causing burden and distress [13–15],
with an inverse correlation between socio-emotional sensitivity scores and caregiver bur-
den [16,17]. Despite this evidence, research studies on drug therapies for the treatment of
social behavioral changes are poor, and there is no drug specifically targeting this condition
actually available in clinical settings. Nonetheless, the control of social behavioral disor-
ders may result in a double benefit, i.e., for patients and caregivers. Without treatments
effectively targeting social cognition networks, physicians are unable to manage social
behavioral symptoms, which can be deleterious and emotionally challenging to caregivers.

No effective disease-modifying treatments for neurocognitive disorders such as AD or
frontotemporal dementia (FTD) are presently available, and symptomatic treatments for
behavioral and/or cognitive disorders are the only way to manage the disease as the degen-
eration progresses. Current management of dementias thus includes non-pharmacologic
treatments and symptomatic drugs (e.g., antidepressants or antipsychotics) able to control
some cognitive and behavioral alterations. Non-pharmacologic treatments, such as psy-
chosocial support and psychoeducational interventions for caregivers and physical, speech,
and occupational therapy for patients, have proved of some utility in the management
of behavioral symptoms [18–20]. None of these interventions, however, selectively target
socio-emotional deficits.

The limited understanding of the biological bases of social cognition has been prevent-
ing for many years the development of selective pharmacological targets. The progress of
imaging has helped in identifying the core structural and functional correlates of social
functioning, with the limbic system (e.g., amygdala, insula, and cingulate cortex) as a
primary hub within the so-called “social brain”, in close connection with the ventromedial
prefrontal cortex, the superior temporal sulcus, and the temporo-parietal junction (see,
for example, [21,22]). Many molecular effectors act within this complex architecture of
interconnected brain regions.

Some molecules have gained more attention as they have been proven to be critical
for social behavior. The efficacy of different drugs in controlling social behavior changes
has been investigated in demented patients [23–28]. Oxytocin is certainly one of the most
interesting and studied agents, as the amygdala is one of the core targets of oxytocin action
in the brain [29]. This social peptide is produced in the supraoptic and paraventricular
nuclei and stored in the neurohypophysis. The effects of intranasal administration of
oxytocin are dependent on the presence and density of oxytocin receptors in target regions
of social brain networks and have been tested using quantitative assessment of social
cognition and emotion processing as clinical trial outcome measures [25–28]. Increased
cooperative behavior, theory of mind, and empathy performance have been reported in
volunteers [29–34]. Nonetheless, there is an open debate regarding prosocial effects of
oxytocin [35–37]. Despite the abovementioned evidence of the positive effects of oxytocin
treatment in humans [29–34], there is also proof that intranasal administration of oxytocin
may have some negative social effects [35] and that this agent may influence the perception
of non-social stimuli with strong personal relevance [36,37]. Moreover, the real-life long-
term efficacy of oxytocin has been also questioned [38].

It remains an open question whether an effective pharmacological approach is a viable
option to treat social cognition changes in neurocognitive patients. The aim of this review
is thus to evaluate literature evidence on pharmacological interventions for the treatment
of social cognition disorders (e.g., socially inappropriate behaviors and changes in the
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different facets of the social cognition domain) in NCD patients in order to disclose the lack
of evidence and promote advances in pharmacological investigation.

2. Methods

The search process was performed by A.P., C.C., and G.P. in the PubMed and Sco-
pus databases. The present study followed the PRISMA guidelines (see Tables S1 and
S2 in the Supplementary Materials). Literature research was performed through search
strings, with a combination of Medial Subject Headings (MeSH) and text word, including
terms for pharmacological treatments, the different social cognition disorders, and the
pathological condition of interest (i.e., (“drug therapy” OR “pharmacological intervention”
OR “pharmacological treatment”) AND (“social cognition” OR “emotion recognition” OR
“emotion processing” OR “empathy” OR “theory of mind” OR “social behavior” OR “social
disinhibition” OR “social withdrawal” OR “social awareness” OR “social insight” OR
“moral cognition” OR “social norms”) AND “neurocognitive disorders” OR “dementia*”
OR “mild cognitive impairment” OR “Alzheimer*” OR “frontotemporal dementia”). Rele-
vant references from previous personal knowledge and citation tracking articles were also
included. Inclusion criteria for paper selection were: (a) full original papers (conference
abstracts, case reports, reviews, and book chapters were excluded); (b) clinical trials in
humans or animal models; (c) drugs targeting social behavior changes; and (d) language
and time span (only papers published in English and up to May 2022).

The final records were uploaded to Rayyan, a free web and mobile app that helps
expedite the initial screening of abstracts and titles using a process of semi-automation
while incorporating a high level of usability [39]. Starting from the 171 papers initially
included in the selection, we excluded 12 duplicates. Then, 101 articles were excluded after
a first screening (36 articles were not full original papers, 59 were off-topic articles, 6 articles
were not in the English language). Further, 49 articles were excluded after abstract or full
text revision, because they were considered off-topic. Only nine papers were eventually
considered eligible for the scope of the present review. Six papers reported results of clinical
studies, while three were trials on animal models. See Figure 1 for details on the flow-chart
of paper selection.
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Finally, two authors (C.C. and A.P.) independently assessed study quality using the
National Institutes of Health (NIH) Study Quality Assessment (SQA) tools [40] for the
human studies and the Systematic Review Center for Laboratory animal Experimentation
(SYRCLE) risk of bias tool [41] for preclinical studies.
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3. Literature Search Results
3.1. Drugs Tested in Animal Models

The search strategy identified three papers reporting trials on animal models [42–44].
The first study by Zhang and Schluesener [42] evaluated a 10-day oral administration
of histone deacetylase inhibitor MS-275, an anti-inflammatory and immunomodulatory
pharmacological agent, in APP/PS1 mice, a transgenic mouse model of AD exhibiting
a remarkable elevation of β-amyloid production associated with typical cognitive and
behavioral changes. MS-275 is a class I histone deacetylase (HDAC) inhibitor that modu-
lates epigenetic processes through hyperacetylation of histones and nonhistone proteins.
HDACs play a pivotal role in cognitive processes and neurodegenerative diseases as well
as in psychiatric disorders [45]. A correlation between reduced histone acetylation and
cognitive or behavioral deficits in animal models of AD was previously demonstrated [46],
supporting its use as treatment target. A nest construction assay was used to evaluate
affiliative/social behavior performance in mice [47]. Study results indicated an improved
nesting behavior in treated mice compared to non-treated ones. No data about safety issues
were reported.

A more recent study from Castro et al. (2013) [43] tested a 7-day pre-treatment with
oral atorvastatin (10 mg/kg/day) on social cognitive functioning in an MPTP mouse model
of Parkinson’s disease (PD) suffering from early impairments in olfactory, cognitive, and
socio-emotional functioning, and later presenting with motor dysfunctions. Statins are com-
petitive inhibitors of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase with
a specific role in cholesterol reduction and a pleiotropic neuroprotective, anti-inflammatory,
and immunomodulating effect that have been proved to be beneficial on neurodegenerative
disorders such as AD by reducing toxic Aβ amyloid plaques deposition and the aggregation
of other proteins [48]. There is evidence from clinical and animal studies that statins might
be beneficial as a therapy for cognitive deficits [49,50] and depressive-like behavior [51],
although the exact mechanisms remain unclear. In a study by Castro et al. [43], treatment
effect was evaluated with a short-term social recognition task as described by Dantzer
and coworkers [52]. The pretreatment with atorvastatin prevented the deficit in social
recognition ability induced in the PD model. Safety data were not reported.

Finally, Subramaniam and colleagues [44] evaluated the effects of a subcutaneous
chronic administration of nicotine (0.4 mg/kg/h for one month) in a transgenic Thy1-aSyn
mouse model of PD. Nicotine is a constituent of tobacco smoke that exerts psychoactive
effects via binding to nicotinic acetylcholine receptors (nAChRs). Cholinergic deficits
induced by α-synuclein pathology contribute to social impairments in PD. In this case,
however, cholinesterase inhibitors have shown limited efficacy [53]. Treated mice presented
cognitive and social behavior deficits with no motor impairments. Social cognition im-
provements were evaluated by means of the social approach task [54]. Both social behavior
and cognition were significantly improved by nicotine administration. Mice receiving a
nicotine dose of 0.4 mg/kg/h showed no differences in general health compared to mice
administered with the vehicle.

See Table 1 for further details on the abovementioned studies.
Quality assessment of evidence for the included preclinical studies showed a middle-

low overall quality. Results of the SYRCLE questionnaire have been reported in Table 1 as
the rate of positive answers out of the total number of 10 SYRCLE questions.
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Table 1. Pharmacological treatment studies in animal models and neurocognitive patients.

Authors Year Study Design Sample Features Treatment and
Scheduling

Social Behavior and
Cognition Measures Study Findings Quality Assessment

Zhang et al. 2013 Case-control study to
test drug efficacy

6 treated APP/PS1-21
double transgenic mice
6 untreated APP/PS1-21
double transgenic mice
6 age- and sex-matched

wild-type mice

10-day oral
administration of a
histone deacetylase
inhibitor (MS-275)

A nest construction
assay to evaluate

affiliative/
social behavior

Improved nesting
behavior in treated mice

compared to
non-treated ones

Middle Quality
(SYRCLE Score = 5/10)

Castro et al. 2013 Case-control study to
test drug efficacy

Two independent
cohorts of Wistar rats
(63 adult and juvenile
males; 34 treated with

intranasal
administration of MPTP

to induce Parkinson’s
symptomatology)

7-day pretreatment with
oral atorvastatin
(10 mg/kg/day)

Short-term social
recognition task

Treatment with
atorvastatin prevented
the short-term social
recognition memory

impairments induced in
the MPTP model

Middle Quality
(SYRCLE Score = 5/10)

Subramaniam et al. 2018 Case-control study to
test drug efficacy

35 Thy1-aSynuclein
transgenic mice

41 wild-type mice

1 month of
0.4 mg/kg/h
subcutaneous

nicotine infusion

A social approach task Improved social
behavior in treated mice

Middle Quality
(SYRCLE Score = 6/10)

Blakemore 1987
Open, multicenter
clinical trial to test

drug efficacy

303 patients with
mild-to-moderate

multi-infarct dementia
(>65 years old)

12 weeks of oral
administration of

cyclandelate
1600 mg/day

Parkside Behavioural
Rating Scale social
cognition subscale

Improved social scores
in treated patients

Low Quality
(NIH Study QA Tool

Score = 35%)

Ditzler 1991 Case-control study to
test drug efficacy

66 mild to moderate
dementia patients

(43 female and 23 male;
mean age 72 years old)

randomized in
treatment and
control groups

Memantine 10 mg
(from day 1 to 3),
memantine 20 mg

(from day 4 to 7), and
memantine 30 mg
(from week 2 to 6)

Sandoz Clinical
Assessment Geriatric
scale (SCAG) socio-
emotional subscales

Improved
socio-affective behavior

changes in treated
compared to placebo
group (already after
14 days and more
pronounced after

6 weeks)

Middle Quality
(NIH Study QA Tool

Score = 50%)

Jesso et al. 2011
Placebo-controlled

study to test
drug efficacy

20 bvFTD patients
(64.4 ± 7.4 years old;
12.85 ± 3.3 years of

education) randomized
in treatment and
placebo groups

Single dose of
intranasal oxytocin

(24 IU)

Facial Expression
Recognition and

Intensity task, vocal
affect recognition task,
Mind in the Eyes task

Significant reduced
identification of anger
and a trend of reduced

fear recognition in
treated vs. placebo

group, and poorer Mind
in the Eyes task

accuracy in treated vs.
placebo group after
20 min from drug

administration. No
significant effects of

treatment after 2 weeks

Low Quality
(NIH SQA Score = 40%)
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Table 1. Cont.

Authors Year Study Design Sample Features Treatment and
Scheduling

Social Behavior and
Cognition Measures Study Findings Quality Assessment

Finger et al. 2015

Randomized,
parallel-group,
double-blind,

placebo-controlled
study to test drug safety

and tolerability

23 FTD patients
randomized in 3 dosage

escalation treatment
groups (61.1 mean years
of age; 12.9 mean years

of education) and a
placebo group

(66.0 mean years of age;
13.6 mean years

of education)

1-week of intranasal
oxytocin administration

of 24, 48, or 72 IU
twice a day

Interpersonal Reactivity
Index (IRI)

Repeated doses of
intranasal oxytocin are
safe and well tolerated;

after 72 IU, a trend
towards an

improvement of NPI
and FBI apathy scores

and IRI emphatic
concern subscale

Middle Quality
(NIH Study QA Tool

Score = 60%)

Finger et al. 2018

Phase 2, adaptive,
randomized,

placebo-controlled,
crossover trial to test

dose-escalation
design model

60 FTD patients (stage 1)
40 additional FTD
patients (stage 2)

In stage 1, patients
would receive three

different dose schedules
of 72 IU intranasal

oxytocin (daily,
alternate days, or every

third day dosing) or
placebo in order to
identify the most
promising dose

scheduling; then, after
6-week washout,

patients would receive
for 6 weeks the alternate

drug (placebo or
oxytocin)

In stage 2, 40 additional
patients would be

enrolled in the most
promising dose arm

Interpersonal Reactivity
Index (IRI) empathic

concern subscale,
Revised Self-Monitoring

Scale (rSMS) and
objective ratings of

emotional facial
expression and

naturalistic videotaped
behaviors in patients

using the Social
Observation Checklist
(tested at baseline, at

the end of stage 1, after
wash-out, and at the

end of stage 2)

Adaptive crossover
design may facilitate

oxytocin dose selection
and efficacy assessment

for symptomatic
treatment of social
disorders in FTD

NA

Olivero et al. 2020

Randomized,
placebo-controlled,

crossover study to test
fMRI activation

28 FTD patients
(including bvFTD and
semantic variant PPA),
mean age 64.29 (±7.88);
23 HC, mean age 61.39

(±7.04)

Single dose of intranasal
oxytocin
(72 IU)

View and Imitate Task,
Multifaceted
Empathy Test

Increased fMRI activity
after oxytocin

administration in
treated compared to

placebo group in
fronto-limbic regions

Middle Quality
(NIH Study QA Tool

Score = 50%)

APP = amyloid precursor protein; PS1 = presenilin 1; MPTP = 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine; bvFTD = behavioral variant of frontotemporal dementia; FTD = frontotem-
poral dementia; PPA = primary progressive aphasia; fMRI = functional magnetic resonance imaging; SYRCLE = Systematic Review Center for Laboratory animal Experimentation;
NIH = National Institutes of Health; QA = quality assessment; NA = not applicable.
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3.2. Drugs Tested in Clinical Trials

The search for eligible clinical trials (CTs) in NCD patients identified six studies [23–28].
A detailed description of each study is given on Table 1. Four studies were randomized CTs
(RCTs) [24–26,28]; one study was an open CT [23]; and one described a novel design for a
phase 2 clinical trial [27]. While studies from the 1980s and 1990s targeted vascular, mixed,
or neurodegenerative dementias and enrolled participants from the general population or
residents in long-term care facilities, since the 2000s researchers’ attention has been focused
on the investigation of FTD patients in which social cognition dysfunctions are a core part
of clinical presentation.

Blakemore [23] reported an open multicenter CT conducted by general practitioners in
303 elderly patients diagnosed with mild-to-moderate multi-infarct dementia and treated
with cyclandelate 800 mg twice a day for 12 weeks. Cyclandelate is a vasodilator, with a
direct-acting smooth muscle relaxant with a calcium-channel antagonism action. Effects
on the central nervous system include ischemic protection, protection against hypoxia,
decrease in hydroxyl radicals, inhibition of serotoninergic neurotransmission, improvement
of oxygen exploitation and glucose utilization, increase of P300 amplitude in event-related
cortical potentials, and stimulation of the memory and learning skills [55]. Primary outcome
measures included global score and social cognition subscores (namely, social behavior
and interest in others and in the environment) of the Parkside Behavioural Scale [56]. Post-
treatment significant improvements in all mean scores were reported. Data on adverse
events were not specifically described, but patient withdrawals for medical reasons and
any dropouts were not reported.

Another paper [24] described a double-blind, placebo-controlled study in which
memantine administration was compared to placebo assumption in 66 elderly patients with
mild-to-moderate vascular, mixed, or neurodegenerative dementia. Patients randomized
in the treatment group received memantine 10 mg (from day 1 to 3), 20 mg (from day
4 to 7), and 30 mg (from week 2 to 6). Memantine is an adamantine derivative and a
non-competitive N-methyl-d-aspartate (NMDA) receptor antagonist. The NMDA receptor
is known to play a pivotal role in synaptic transmission and synaptic plasticity. Primary
outcomes included global score and socio-emotional subscales (i.e., assessing lack of drive,
emotional disturbances, and social behavior) of the Sandoz Clinical Assessment Geriatric
scale (SCAG) [57]. A post-treatment significant improvement of SCAG global and subscale
scores was observed already after 14 days of memantine treatment in the treated group
compared to the placebo group. The significant improvement was more pronounced
at the end of the treatment period (after 6 weeks). Reported adverse drug effects were
agitation/excitation, increased motor activity, sleeplessness, and restlessness, mainly at the
beginning of the treatment, due to a too fast dose increase.

The most recent CTs identified by the literature research focused on oxytocin effects.
Jesso et al. [25] presented the first randomized, double-blind, placebo-controlled, crossover
study evaluating oxytocin effects in FTD. It was conducted in 20 patients fulfilling criteria
for bvFTD [58] who received a single dose of 24 IU of intranasal oxytocin. The primary
outcome measure was emotion recognition and processing, operationalized using the Facial
Expression Recognition and Intensity task (modified from [59]), vocal affect recognition
task [60], and the Mind in the Eyes task, and behavioral changes, identified with the
Neuropsychiatric Inventory (NPI) [61] and the Frontal Behavioural Inventory (FBI) [62].
Oxytocin effects were evaluated at 8 h and one week following drug administration. A
significant improvement of FTD-related neuropsychiatric behaviors as assessed with the
NPI global score was found at 8 h in the treated group vs. the placebo group and compared
with baseline ratings, but not after 1 week. The oxytocin group compared to the placebo
group proved to have reduced identification of fearful and threatening stimuli, suggesting
an increase of cooperative behavior after the neuropeptide administration. No significant
effects on vocal affect recognition and poorer accuracy on the Mind in the Eyes task emerged
after oxytocin administration. No significant adverse event was reported.
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A subsequent study of Finger and coworkers [26] evaluated long-term administra-
tion of intranasal oxytocin. Finger et al. [26] conducted a randomized, parallel-group,
double-blind, placebo-controlled study using a dose-escalation design to test the safety
and tolerability of three clinically feasible doses of intranasal oxytocin (24, 48, or 72 IU) ad-
ministered twice a day for one week in 23 patients with bvFTD or semantic dementia with
concomitant behavioral disorders. Secondary outcomes explored efficacy across the treated
vs. non-treated group. The NPI, FBI, Interpersonal Reactivity Index (IRI) [63], Frontotem-
poral Lobar Degeneration–modified Clinical Dementia Rating [64], and Frontotemporal
Dementia Rating Scale [65] were used as outcome measures. A trend of improvement in
NPI and FBI apathy scores, and the IRI empathic concern subscale score was observed
with the administration of the maximum feasible dose (72 IU). The treatment was not
significantly associated with adverse events or significant changes in positive NPI score,
although an increase in hypersexual behaviors was reported.

A second study of Finger et al. [27] describes the design of a phase 2, adaptive, random-
ized, placebo-controlled, crossover trial. In stage 1, 60 FTD patients would receive three
different dose schedules of 72 IU intranasal oxytocin (i.e., daily, alternate days, or every
third day dosing) or placebo in order to identify the most promising dose scheduling; then,
after a 6-week washout, patients would receive for 6 weeks the alternate drug (placebo
or oxytocin). In stage 2, 40 additional patients would be enrolled in the most promis-
ing dose arm. The primary outcome would be NPI apathy/indifference domain score,
while secondary outcomes would include IRI empathic concern subscale, NPI caregiver
distress, and Revised Self-Monitoring Scale (i.e., rSMS [66]) scores and objective ratings
of emotional facial expression and naturalistic videotaped behaviors in patients using the
Social Observation Checklist [67]. Cerebrospinal fluid (CSF) oxytocin level would also be
quantified as an outcome measure. In this paper [27], the authors concluded that the use of
an adaptive crossover design and the inclusion of objective measures of socio-emotional
performance and CSF oxytocin levels changes would help in improving RCT efficiency
and conclusiveness.

Finally, the last study identified from the literature search [28] was a randomized,
placebo-controlled, crossover study in 28 patients with bvFTD or a semantic variant of
primary progressive aphasia (PPA) with social behavioral disorders who received a single
dose of 72 IU intranasal oxytocin. Patients were asked to complete a functional MRI (fMRI)
facial expression mimicry task and three behavioral tasks outside of the scanner (i.e., a
short version of the View and Imitate Task, the Multifaceted Empathy Test (MET) [28,68,69],
and the Postural Knowledge Test (PKT) [70]). The aim was to determine whether oxytocin
administration alone or in combination with emotional mimicry training may increase brain
activation. An increased fMRI activity was observed after oxytocin compared to placebo
administration in fronto-limbic regions, key regions involved in emotion recognition and
processing, and in the mentalizing network. The combination of oxytocin treatment and
emotional mimicry training was associated with increased responses in these regions and
in the right amygdala. Data on any adverse events were not reported.

The quality of evidence of human studies was evaluated in four papers [24–26,28]
through the NIH SQA tool for Controlled Intervention Studies and in one paper [23] using
the NIH SQA tool for Before-After (Pre-Post) Studies with No Control Group. Quality
assessment was not performed for the paper of Finger and coworkers [27] describing a
study design. Overall, the quality of evidence was middle-low. The results of the quality
assessment in human studies have been reported in Table 1 as the percentage of positive
answers out of the total number of SQA questions.

4. Discussion

NCDs are a very heterogeneous group of neurological conditions. Social cognition and
behavior changes have been proved to be core symptoms in a relevant number of patients
affected by different cognitive disorders [2–5,71,72]. Interest in the treatment of social
cognition alterations has thus significantly increased in the last decades. This is particularly
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relevant in neurodegenerative conditions such as FTD in which socio-emotional deficits are
a core part of the symptomatology [2]. Advances in technology have allowed for a better
and earlier recognition of clinical manifestations and biological mechanisms of the different
NCDs, so that molecular targets for novel pharmacological therapies have only recently
been identified. Given that disease-modifying therapies are currently unavailable, efforts
focused on the development of pharmacological and non-pharmacological treatments for
the management of disabling symptoms in these patients should be promoted.

Our literature review shows that molecular approaches in animal models of dementia
and clinical trials in patients with NCDs are limited in number and not yet conclusive.
Attempts have been made by testing different drug targets in phase 1 studies on animal
models of AD and PD, with inconsistent results on social cognition. Treatment with
the immunomodulatory MS-275 drug improved nesting behavior in an APP/PS1 mouse
model of AD as well as reduced neuroinflammation and Aβ deposition [42]. The use of
atorvastatin in an MPTP mouse model of PD significantly enhanced social recognition
memory, which is dependent on dopamine release, and prevented dopaminergic cell loss
in the substantia nigra pars compacta. The authors, however, questioned whether both
results may be, at least in part, due to an increase in NGF levels [43]. Chronic nicotine
administration improved social behavior in a Thy1-aSyn mouse model of PD via direct
stimulation of nAChRs. As suggested by the authors, in this case, a possible associated
upregulation mechanism may have a role, while the neuroprotective effect on dopaminergic
neurons remains unproven [44]. Each of the abovementioned drugs, however, showed
single and not replicated evidence of efficacy in improving socio-emotional behavior and
have not been further tested in humans.

Apart from a single open CT on cyclandelate and one RCT on memantine in vascular
and neurodegenerative dementias showing some beneficial effects on social impairments,
the most promising drug to treat social cognition deficits and social behavior changes
in NCD patients is oxytocin. Both cyclandelate and memantine have general beneficial
effects on the nervous system and do not specifically act on social cognition network
functioning. Cyclandelate has been used in many European countries for over 20 years
for the treatment of cerebral and peripheral vascular disease due to its neuroprotective
effects [73]. Comparably, memantine received marketing authorization from the European
Agency for the Evaluation of Medicinal Products (EMEA) for the treatment of moderately
severe to severe AD in Europe in 2002 and shortly thereafter in the US by the Food and Drug
Administration (FDA), because it has been shown to exert symptomatic and neuroprotective
effects [74].

The identification of oxytocin as a neuropeptide specifically modulating social be-
havior across species has paved the way to the trials for the treatment of socio-emotional
changes across neuropsychiatric conditions [75]. Healthy adults and patients with autism
showed an improvement in emotional expression processing [76,77], empathy [34], and
cooperative behavior [30] after the administration of oxytocin. The mechanisms accounting
for these effects are somewhat unclear, although interactions across multiple neurotransmit-
ter systems (e.g., dopaminergic and serotoninergic) are likely. Starting from this evidence,
in 2011 the first RCT with intranasal oxytocin in FTD patients was performed. Oxytocin is
produced in the supraoptic and paraventricular nuclei of the hypothalamus and released
into circulation by the posterior pituitary. Both hypothalamic nuclei have been proved to
be preserved in patients with TDP-43 (TAR DNA-binding protein 43) proteinopathy [78],
suggesting possible differential responses to oxytocin treatments according to the underly-
ing molecular pathologies. Oxytocin is also delivered directly to brain regions with afferent
projections and paracrine signaling of oxytocin receptors, which are directly involved in
emotion and reward processing [79,80]. These include the amygdala, medial prefrontal cor-
tex, insula, and nucleus accumbens, which are particularly affected in FTD [81]. Evidence
from the reviewed RCTs showed that a single dose of 24 IU intranasal oxytocin is associated
with a transient improvement in social behavior [25]. A formal dose-finding study in FTD
identified 72 IU twice a day as the most feasible dose scheduling [26]. and a single dose of
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72 IU intranasal oxytocin is capable of increasing neural activity in affected brain regions
during social cognition tasks [28]. Despite these promising preliminary beneficial effects
with little or no reported side effects, evidence supporting the long-term use of oxytocin is
crucially lacking to date.

Our study showed the relevant limitations of current evidence mainly related to a poor
and heterogeneous body of literature using different designs, methodologies, and outcome
measures to test possible drug targets. In addition, the poor/medium quality of the studies
found by the literature search is a further limitation of the current literature and suggests
the need for collecting additional high-quality evidence. Unique challenges for clinical
trial design in the identification of effective, evidence-based symptomatic treatments for
social cognition and behavior deficits in NCDs have previously been reported. First, like
other behavioral disorders, socio-emotional symptoms exhibit a huge clinical heterogeneity,
often with a non-linear trajectory over the course of the different NCD diseases and a
strong dependence on the subjective reporting of caregivers [82]. Moreover, the use of
different behavioral and cognitive measures to include cases and test treatment efficacy
on social behavior or social cognition skills represents a crucial issue that prevents a
real comparison among study findings. Harmonization on the use of social cognition
measures across centers and CTs should be achieved together with the development of
new personalized endpoints that are the most clinically meaningful to individuals and
their families [83]. Goal attainment scaling (GAS) is an example of how a quantitative
approach to measuring individual outcomes can be developed within a structured method
for documenting patient-centered problems and care [84]. Additionally, the emerging
correlation between behavioral deficits and available markers of neurodegeneration [85]
highlights the need for more powerful analyses of combined clinical, genetic, imaging,
and fluid biomarker data to improve the power to detect effective treatments, using a
precision medicine approach [64]. Lastly, more widespread sharing of clinical trial data
and biomarkers will be critical to developing new endpoints and to overcome sample size
difficulties [86]. This is crucially relevant considering FTD research. As social dysfunction
is a core clinical presentation of bvFTD and a common feature also in other FTD syndromes,
critical issues also concern the rarity of these neurological conditions, the heterogeneity
of clinical and neuropathological phenotypes, and the paucity of available biomarkers
compared to more common diseases such as AD [86].

Finger and coworkers [27] focused in particular on additional challenges for RCTs
of oxytocin, the main molecular target now available for social dysfunction treatment.
These include neurochemicals issues to be addressed, i.e., potential differential responses
according to sex, uncertainties around brain penetration of intranasal formulations, lack of
dose-finding studies, and confirmation of target engagement [87]. Further, although some
studies reported improvements in social cognition in several disorders following single-
dose administration [32,33,76], longer-duration (e.g., 2–6 weeks) with once- or twice-daily
dose schedule RCTs of oxytocin result in mixed findings, with null or small effects [88–92].
This might be due to the potential habituation of responses with chronic dosing that has
been reported in animal studies [93–96]. With regard to the study design, Finger et al. [27]
proposed an application of an adaptive crossover Bayesian design, in which the two-stage
design allows at the same time the best dose schedule selection and efficacy assessment
with a smaller sample size than traditional design. This turns to be particularly helpful
when there are multiple goals in the trial. Moreover, the same authors highlighted the
need to include in the trial design behavioral objective measures outcomes (i.e., videotaped
naturalistic behaviors in addition to classic quantitative indirect measures relying on the
caregiver judgments) and measurements of CSF oxytocin levels to confirm entry of the drug
into the CNS. These represent valuable issues to be addressed to improve the efficiency and
conclusiveness of future RCTs of oxytocin as well as other behavioral treatments in NCDs.
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5. Conclusions

In conclusion, the management of socio-emotional changes in patients with NCDs
is crucial, but the development and testing of effective drug therapies to improve social
cognition is still a challenge. Systematic study of social cognitive functioning is currently
lacking in clinical settings [97,98] and investigation of social cognition has only recently
gained attention among the other neurocognitive domains that can be impaired in NCDs.
For this reason, research studies investigating molecular mechanisms of social cognitive
changes and exploring potential pharmacological targets for social behavior alterations
in patients with NCDs are greatly lacking and those few that are available are not yet
conclusive. At present, the only promising results in NCDs are those from the limited
number of CTs testing oxytocin in FTD. According to this preliminary evidence, intranasal
administration of oxytocin appears to be a possible avenue for the treatment of social
cognitive disorders, at least in FTD. Nonetheless, administration issues and long-term
efficacy need to be further investigated and oxytocin remains only promising approach that
requires further and deeper investigation. Neuropathological heterogeneity in NCDs may
also be relevant in view of the evaluation of oxytocin administration efficacy. Future studies
need large-scale longitudinal investigations aimed at clarifying the role and molecular
bases of social cognition changes in the different proteinopathies, according to the different
pathological substrates not only in FTD but also in AD or α-synucleinopathies. This
approach would certainly represent a boost to obtain more solid and reliable evidence that
may overcome limitations of current studies in this field.
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