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memory deficits (67%), apathy (65%), loss of empathy (65%), and face-recognition
deficits (60%). Real-life examples unveiled impairments regarding landmarks, smells,
sounds, tastes, and bodily sensations (74%). Cognitive test scores indicated deficits
in emotion, people, social interactions, and visual semantics however, lacked objective
assessments for mental rigidity and preoccupations.

DISCUSSION: This study cumulates the largest RATL cohort unveiling unique RATL
symptoms subdued in prior diagnostic guidelines. Our novel approach, combining
real-life examples with cognitive tests, offers clinicians a comprehensive toolkit for

managing these patients.
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1 | BACKGROUND

Frontotemporal dementia (FTD) is a neurodegenerative disorder that
predominantly affects the frontal and/or temporal lobes and presents
with a spectrum of social, behavioral, language, psychiatric, and motor
problems.’~3 Its clinical presentation varies depending on the predom-
inance of the affected regions. Based on the latest diagnostic criteria,
social and personal behavioral features are covered in the consensus
criteria for behavioral variant FTD (bvFTD),2 whereas language vari-
ants are clustered under the term primary progressive aphasia (PPA),
namely the semantic variant (svPPA), the non-fluent variant (nfvPPA),
and the logopenic variant (IvPPA), although the latter has most often
been underlying Alzheimer’s disease (AD) pathology.> The bvFTD
has been associated with symmetric or asymmetric atrophy of the
frontal and/or temporal lobes; nfvPPA with left peri-sylvian involve-
ment, and svPPA with predominant involvement of the left anterior
temporal lobe. A separate variant with predominant right anterior tem-
poral lobe (RATL) atrophy has been recognized, and labeled «right
temporal variant FTD», «right-lateralized SD», «right temporal lobe
atrophy», «right temporal variant PPA», «right sided svPPA», and most
recently «semantic behavioral variant FTD»,3~? without consensus on
its accompanying clinical syndrome.©

However, the diagnostic criteria for svPPA and earlier criteria for
FTD and semantic dementia (SD) allude to RATL involvement. Semantic
deficits for people and objects across various sensory modalities, loss
of empathy, and compulsions were mentioned in the criteria for syPPA
as characteristics of RATL predominant svPPA,° and hypochondriasis,

evanescent bizarre somatic preoccupations, prosopagnosia, associa-

emotion recognition, frontotemporal dementia, frontotemporal lobar degeneration, right ante-
rior temporal lobe, semantic dementia, social cognition

* This project is the first international collaboration and largest reported cohort.

» Further efforts are warranted for precise nomenclature reflecting neural mecha-

e Our results will serve as a clinical guideline for early and accurate diagnoses.

tive agnosia, loss of sympathy and empathy, and parsimony were listed
in the first research and clinical diagnostic criteria for FTD that might
refer to RATL involvement. 111

In several articles, non-verbal, mainly visual, semantic deficits have
been underscored,®12 and several unique symptoms such as person
specific semantic loss, hyper-religiosity, somatization, topographag-
nosia, delusions, emotional coldness, and depression have been asso-
ciated with the RATL,*>7-? although different clinical terminologies
have been used for clinical symptoms and discrepant results have
been published regarding the clinical characteristics and nature of
the syndrome.*~? One of the explanations for the discrepancies in
reported clinical characteristics of the syndrome is the use of differ-
ent clinical terminologies, within the respective fields of neurology
and psychiatry, or between them.*~? For instance, some groups have
interpreted behavioral symptoms through a semantic deficit perspec-
tive, emphasizing deficits in socioemotional semantics.” 3 In contrast,
other groups have employed social cognition terminologies, such as
emotion recognition, mentalizing, and valence (hedonic),>* while yet
others have used broader terms like lack of empathy,” or psychiatric
terms like alexithymia.l® Therefore, not surprisingly, different frame-
works have been proposed to recognize the syndrome at early stages.
A large clinical study has reported behavioral changes in 95%, episodic
memory impairment in 60%, and prosopagnosia in 54% of amyloid
negative FTD patients with RATL atrophy, while depression, somatic
complaints, and motor/mental slowness have been the most distinc-
tive symptoms compared to svPPA, bvFTD, and AD.” More recently,
Younes et al., described the characteristics of their cohort by using

objective atrophy rating and novel cognitive assessments measuring
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semantic knowledge and social cognition. Loss of empathy, loss of
person-specific knowledge, and complex compulsive behavior/mental
rigidity have been described as the most characteristic and presenting
hallmarks of the syndrome, although being less prevalent (27%, 23%,
and 18%, respectively).” These single-center studies illustrate the need
for a common nomenclature and consensus diagnostic criteria based
on multicultural data.

Therefore, in 2020, we established an international working group
(IWG) that aims to improve the recognition of FTD with predominant
RATL involvement in daily clinical practice. We set out to (i) system-
atically collect multicenter retrospective data to generate a set of the
most relevant clinical features, and (ii) tease out the interpretation of
the individual symptoms as well as tools to detect and monitor them, by
the IWG in round table meetings. This present work focuses on the ini-
tial objective, encompassing the collation of retrospective clinical data
from 18 specialized dementia centers (Table 1).

Since many aspects of RATL degeneration wait to be tested and
there is no consensus on nomenclature yet, in this article, we use the
term rtvFTD (right temporal variant of FTD) to bracket our inclusion
criteria: patients with (i) a clinical diagnosis of any form of FTD, and (ii)

RATL atrophy on structural neuroimaging at clinical presentation.

2 | METHODS

Details of the establishment of the IWG, consensus approach, list
of members, dates and agenda of each round table meeting, the
roadmap of the IWG, patient selection, data collection, approach
on missing data, list of the available cognitive tests, harmoniza-
tion, and analysis of the data can be found in the supplementary

materials.

2.1 | Data collection

In 2020, a dataset template was prepared based on the published RATL
degeneration/temporal variant FTD literature and included (1) demo-
graphic; (2) clinical data (including symptoms, family history, dementia
severity, and cognitive and neuropsychiatric tests); (3) atrophy rating
scores for each anatomical area; (4) biomarkers (cerebrospinal fluid
[CSF] amyloid, tau, amyloid positron emission tomography [PET], neu-
rofilament light chain [NfL], or other potential biomarkers for FTD-if
available); (5) genetic mutations; (6) pathological information. A broad
range of clinical symptoms (cognitive, behavioral, language, psychiatric,
and other) were coded as present, absent, or not available at the ini-
tial and follow-up visits. If a symptom was present, the collectors were
asked to describe the symptom by recording real-life examples from
the case notes. Additionally, there was an “other” column for each sec-
tion where the collectors were able to add original data/information
that was not on the predefined list. Due to the diversity in missing data,
the number of available data for each symptom is displayed alongside
the corresponding percentage in the results, for further clarification.
All cases had symptom checklist charts generated by the IWG and

nearly half of the sample had details of the case notes (real-life exam-
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RESEARCH IN CONTEXT

1. Systematic review: A comprehensive review in MED-
LINE (PubMed) and Embase covering the literature in the
English language until March 2023 was performed. The
search terms included “frontotemporal dementia AND

n o«

right temporal,” “semantic dementia,” “semantic vari-

ant primary progressive aphasia AND right,” “behavioral

» o«

variant frontotemporal dementia AND right,” “temporal
variant frontotemporal dementia,” and “frontotemporal
lobar degeneration AND right temporal.”

2. Interpretation: Diverse and sometimes conflicting
descriptions have characterized the symptoms attributed
to frontotemporal dementia (FTD) with right anterior
temporal lobe (RATL) predominance. In this largest
reported multicultural cohort study by an international
working group, we provide real-world examples drawn
from case reports, common symptomatology, accom-
panied by cognitive test outcomes offering guidance to
clinicians in identifying and subsequently directing these
patients to specialized dementia centers.

3. Future directions: An urgent need in the field is consen-
sus on terminologies on FTD with RATL degeneration that
elucidate primary cortical dysfunctions and can be readily

applied in everyday clinical practice.

ples) for each symptom (n = 134). Data collection was completed in July
2022.

2.2 | Patient selection

Among subjects registered with any clinical form of FTD, those who
demonstrated predominant RATL atrophy on the initial neuroimaging
were selected. For identifying the RATL atrophy pattern, visual rating
scales'® were used, and if the atrophy on the RATL was higher than
the non-RATL areas (left temporal or frontal), this patient was consid-
ered as a case of rtvFTD. Patients with frontal/left temporal atrophy >3
(max score = 4) (even if they had predominant RATL atrophy) were
excluded to minimize the gross effects of general neurodegeneration.
This selection resulted in four patients with a non-RATL areas atrophy
score of 0, 116 patients with a score of 1, and 240 patients with a score
of 2.

2.3 | Analysis

Variables were reported as means and standard deviations or pro-
portions when appropriate. The frequency of individual symptoms
was reported as proportions. Frequencies were calculated based on

the available data, excluding any missing data. Symptoms were listed
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TABLE 1 Listof the centers (based on the sample size)

Center (sample size)

1 Amsterdam (n=82)

2 San Francisco (n=47)

3 London (n=34)

4 Rochester (n = 27)

5 Manchester (n = 23)

6 Lille (n = 23)

7 Lund Malmo (n=22)

8 Lund LUPROFS (n = 16)

9 Istanbul (n = 15)

10 Milan (n = 15)

11 Barcelona (n=12)

12 Leuven (n=11)

13 Munich (n=9)

14 Quebec (n=8)

15 Montreal (n=5)

16 Colorado (n=4)

17 Brazil USP (n=4)

18 Brazil Belo Horizonte (n = 3)

based on their presence at the initial visit as a categorical variable and
frequencies were calculated. Subsequently, each reported symptom
was associated with real-life examples and cognitive tests if available,
to better describe the nature of the symptom. Continuous variables
like cognitive test scores were displayed by harmonizing Z scores. Z
scores were calculated for each cognitive test and each participant

(supplementary material).

Data availability

Signed data sharing agreements between centers do not permit open

data sharing.

3 | RESULTS

Table 2 displays the total sample size (n = 360), demographic data,
symptom duration, follow-up duration, handedness, available neu-
roimaging, and biomarkers (amyloid, NfL) data, initial Clinical Dementia
Rating (CDR) and Mini-Mental State Examination (MMSE) scores of the
patient group. The pathology findings, genetic risk factors, biomarker
profile, and the impact of amyloid positivity will be presented in a
separate publication by the IWG.

3.1 | Clinical profile

Our approach was twofold. First, we identified the most common

retrospectively reported symptoms, based on a predefined symptom

TABLE 2 Characteristics of the collected data

Parameter Total sample
N (total), N (definite) 360,67

Sex, n female (%) 156 (43%)
Age, years, mean + SD 65,9 +8,6
Handedness: 316/18/7/19
right/left/ambidexterous/unknown

Symptom duration, years, 35+21
mean + SD

Follow-up period, years, median 9.3,(0-18)

(min-max)

CDR initial visit, n, mean + SD n=241(1.2+1)

MMSE initial visit, median n=316(18,7-30)

(min-max)
MRIn=343,CTnh=19,PET

(amyloid) n=21, PET (FDG)
n=16,SPECTn=1

Neuroimaging available

Biomarker CSF (amyloid, tau, phospho tau)

n=211,NfLn=43

Abbreviations: CDR, Clinical Dementia Rating; MMSE, Mini-Mental State
Examination; MRI, magnetic resonance imaging; CT, computer tomography;
PET, positron emission tomography; FDG, fluorodeoxyglucose; SPECT, sin-
gle photon emission computed tomography; CSF, cerebrospinal fluid; NfL,
neurofilament light chain.

2Some subjects have both genetic and pathological confirmation.

checklist with room to report additional symptoms not mentioned in
the list. Next, we associated symptoms with available cognitive test
results (i.e., the association between reported memory problems and
the results of memory tests). Also, we placed reported symptoms into
context by using the examples that were provided in the case notes (i.e.,

describing under which circumstances a patient was forgetful).

3.1.1 | Clinical profile based on the chart reviews
Analysis of the historical case notes showed that the most often
reported symptoms at the initial visit were compulsive behav-
ior (78%), disinhibition/socially inappropriate behavior (74%), nam-
ing/word finding difficulties (70%), memory deficit (67%), apathy
(65%), loss of empathy (65%), and face recognition deficit (60%)
(Figure 1). It is worth noting that the aforementioned symptoms
had been systematically collected by dementia centers over the
years as part of already published diagnostic criteria for FTD, SD,
bvFTD, PPA, or AD. Additionally, to avoid any potential bias, the
top-rated symptoms from five centers with the largest sample sizes
were compared, and similar distributions were noted (Supplementary
Material).

Moreover, a sub-analysis was conducted on cases scored as “O:
not impaired” in non-RATL areas (left temporal and bilateral frontal
regions). Among these patients (n = 4), symptom distributions were
observed, revealing apathy/social withdrawal (n = 3), socially inappro-
priate behavior (n = 3), mental rigidity (n = 3), preoccupations (n = 3),
loss of empathy (n = 2), memory deficit (n = 2), face recognition deficit

(n = 2), place/landmark recognition deficit (n = 1), taste recognition
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Clinical Notes

Face recognition deficit
80 Deficits in recognizing landmarks, smells, tastes, objects, sounds,
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Supportive Cognitive Test Results

Famous face naming/matching/
semantic associations

Single:word comprehension deficit bodily sensations and altered recations to those stimuli Pyramids and Palm Tree Test words 100 Tests for sensory stimuli
70 20

Visuospatial dysfunction Naming/Word finding problems e — 30 VAT naming, Boston naming,
- Manchester naming tests
.

Executive dysfunction Socially inappropriate behaviow ¢y o backward/TT B o0 s TASIT Sincere, TASIT Sar castic
40
30
M deficit Loss of ith 20 2
emol efnci 055 empal
ry pathy visialerbal memorytasts A Affect matching, TASIT EET, eToM, IRI

Motor problems Mental rigidity/ Preoccupations

Delusion Apathy

Anxiety/ Panic Hyperorality/ Over eating

Mania

Depression

FIGURE 1

EC, IRIPT, IAS coldness/ warmth
[

Nl inetor behiavioir . Tests for mental r]gldltv and
preoccupations
NPI delusion NPl-apathy
NPI anxiety NPI-eating habits

NP! euphoria GDS

Representation of the collected clinical data. The red line represents clinical symptoms, while the orange shadows depict

associated cognitive test results available in the collected dataset. Cognitive tests and behavioral assessments were limited to smells, tastes,
sounds, bodily sensations, objects, landmarks, mental rigidity, and preoccupations, which are denoted by a question mark (?) in the figure

color/ clothes
/30/ - gardening Other
A

1% 4%

saving money
2% health
4%
walking-cycling-driving _
6% )

clock watching
1%
checking- ”
controlling
1%

time and schedule
21%

music/drawing/painting/
sculptures
2%

hoarding/ collecting
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= 6%

cleaning
1%

religion
3%

global
warming/recycling/saving
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8%

FIGURE 2 Reported specific interests. One patient may have more than one symptom

deficit (n = 1), word finding and naming problems (n = 2), depression
(n=2), and slowness (n = 1).

For compulsive behavior, mental rigidity and/or preoccupations
were specifically mentioned in all cases as a subcategory of our
symptom checklist. Furthermore, in total, 505 specific examples
were reported for specific interests: time and schedule (21%),
food (17%), puzzles/sudoku/computer games (12%), global warm-
ing/recycling/saving gas-water-electricity (8%), sports (6%), walk-
ing/cycling/driving (6%), hoarding/collecting (5%), health-related (4%),
shopping/ordering (3%), colors (3%), clothes (3%), religion (3%), writ-
ing (2%), art (2%), saving money/parsimony (2%), cleaning (1%), clock

watching (1%), checking/controlling (1%), gardening (1%), and other
(4%) (Figure 2).

Additionally, out of the total 360 patients, data for psychiatric
symptoms were available for 291 patients (reported as present or
absent), with 69 patients’ data being “missing.” Among these 291
patients, 166 had psychiatric manifestations (57%) such as affec-
tive dysregulation (39%), delusions/hallucinations (i.e., hearing God’s
voice, seeing deceased mother, etc.) (14%), and anxiety/panic (35%).
Besides psychiatric symptoms, word comprehension deficits in 39%
patients (available n = 360), object recognition deficits in 25% (avail-
able n = 311), and motor problems (pyramidal or extrapyramidal) in
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19% (available n = 360) were reported. As additional symptoms, they
exhibited recognition problems and altered reactions to the following
stimuli (available n = 239): taste (45%), landmarks (37%), bodily sen-
sations (28%), smell (2%), and sound (2%). When those domains were
clustered, it was found that at least one of these symptoms was present
in 74% of the patients. Of note, different terminologies were used for

» o«

those symptoms (i.e., for landmarks: “topographagnosia,” “problems

» o«

with naming landmarks,” “cannot recognize buildings”; for taste: “gus-

»n o« » o«

tatory agnosia,” “cannot differentiate the taste,” “flavor recognition
problem,” etc.), and they were mentioned in different symptom cate-
gories by different data collectors (i.e., whereas “deficit in taste” was
mostly reported in the language or behavioral category, and “deficit
in bodily sensations” in the psychiatric category as “somatization” or
in other as “alexisomia,” landmarks were usually mentioned under the
symptom subheading “getting lost” or “naming difficulties” or “word
finding difficulties” or “other”).

Last, orientation problems, apraxia, calculation problems, visuospa-
tial problems, concentration problems, agraphia, alexia, hypersexuality,
hyperorality, and utilization were the least rated symptoms (less than
15%), although they were in the symptom checklist in the chart

reviews.

3.1.2 | Clinical profile based on the combination of
chart reviews and available case note details and
cognitive test results

When possible, each symptom was associated with real-life examples
from case notes and relevant cognitive test results (Figure 1, Tables 3
and 4). The number of available data for each cognitive test can be
found in Table 3.

Although in the collected dataset, naming and word finding dif-
ficulties were frequently reported, available cognitive test scores
revealed that almost all patients who had cognitive assessment had
severe visual semantic deficits (pyramids and palm trees/pictures, 96%;
famous faces naming, 100%; famous faces familiarity, 91%; famous
faces semantic association, 100%, famous faces name familiarity,100%)
but relatively less frequent naming problems in general naming tests
(Boston Naming Test, 79%; Graded naming test, 87%; visual associ-
ation task [VAT] naming, 50%). Additionally, the real-life examples in
the case notes and cognitive assessment results raised into question
whether the reported symptoms were purely related to anomia or a
retrieval problem. For instance, patients exhibited difficulties in nam-
ing their family members, but also showed lack of recognizing their
family members both by their faces and voices. Of note, a loss of
knowledge for landmarks, smells, flavors, sounds, and bodily sensa-
tions, inappropriate reactions to those stimuli, and changes in personal
taste regarding food, colors, art, clothes, and other esthetic experi-
ences were also reported, although no cognitive assessments focusing
on recognition, naming, hedonic valuation, semantic association, and
familiarity were available for these domains in our dataset (Tables 3
and 4).

In 67% of the cases, a memory deficit was rated as present and
available cognitive test scores that assess only visual (Benson com-
plex figure- delay, 57%, Visual Object Memory Test- delay, 82%, VAT-
delay, 21%) and verbal memory (Rey Auditory Verbal Learning Test-
recall, 57%, California verbal learning test recall, 62%) also confirmed
memory deficits in this group, although the results varied across a
wide range (Table 3). Unfortunately, the sample size for memory tests
related to logical and social memory was insufficient to draw conclusive
findings. In contrast to these findings, the empirical examples from the
case notes suggested some discrepancies in episodic memory impair-
ment. For example, patients were simply forgetting items listed in the
previous section such as faces, landmarks, and so forth, but also had dif-
ficulty remembering some important events such as the 9/11 attacks.
Some cases forgot the details of a birthday party that they attended
last night but perfectly remembered their breakfast. Some of the cases
also reported forgetting appointments, and recent events that might be
considered as an episodic memory deficit (Table 4).

Last, the reported symptoms, case notes, and available cogni-
tive/behavioral assessment tests helped to clarify the behavioral
profile. Although mental rigidity and preoccupations were prominent
and exhibited a wide spectrum, none of the participating centers
utilized specific instruments to assess the nature and severity of
these symptoms (Table 4). Disinhibition/socially inappropriate behav-
ior was the most heterogeneous predefined category. The case notes
revealed various domain impairments that could be categorized as
“inappropriate behavior.” Examples included patients showing indif-
ference toward spoiled food’s distinct smell; making hyper-focused,
inefficient decisions; getting spammed by strangers; and being eas-
ily agitated due to mental rigidity (Table 4). Although an objective
assessment for those behaviors was limited, the median Neuropsy-
chiatric Inventory (NPI) score for disinhibition (frequency x severity)
was 1 (min = 0, max = 12), reported in 53% of the patients. Fur-
thermore, assessment using the Awareness of Social Inference Test
(TASIT) sub-domain for sarcasm revealed that all tested patients exhib-
ited deficits in recognizing sarcasm and paralinguistic social cues,
whereas sincere conversation comprehension was spared. Emotion
recognition deficit, “caricatured” emotional reactions and misplaced
empathy, and inappropriate/diminished emotional expressivity were
prominently reported for “loss of empathy” (Table 4). Available cog-
nitive test scores revealed that nearly all tested patients had an
emotion recognition deficit (Comprehensive Affect Testing System
[CATS] affect matching, 88%; TASIT Emotion Evaluation Test [EET],
92%). Informant-based surveys showed a lack of empathic concern,
perspective-taking, and interpersonal coldness in 84%, 93%, and 89%
of tested patients, respectively). Interestingly, only 33% of the tested
patients exhibited impaired cognitive theory of mind (ToM) deficit,
whereas all showed emotional ToM impairment. Social withdrawal
and lack of enthusiasm for social activities were the main real-life
examples for “apathy” in the case notes (Table 4). In 126 patients
with available NPI scores, apathy was observed in 88 individuals
(69%), with a median frequency x severity rating of 2 (min = O,
max = 12).
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TABLE 3 Cognitive test scores

Impaired/
Z scores affected
Parameter Test (max score) N Mean + SD Norm scores (mean) (individual)?
Visual memory Visual association task (VAT) (max = 6) 84 466 + 1.73  5.41+0.991) —-0.75 21%
Benson complex figure-delay (max = 17) 44 56 +05 11.2+3.2 -7.9 57%
Visual Object Memory Test (delayed 20 278 + 347 9.7+29B) -2.38 82%
recall)d
Verbal memory Rey Auditory Verbal Learning Test (RAVLT) 85 5+ 37 10.5 + 3.3 -1.67 57%
recall
California Verbal Learning Test (CVLT) 43 3.9 +0.2 11.6+2.90) -2.7 62%
recall
ADAS-3 delayed recall (max = 10) 21 32+ 26 3.82 +2.15(¢) -0.33 22%
Memory other WMS-R logical memory delayed 5 12 +21  125+3.9%7 -2.89 100%
Short story (max = 16) 7 3.6 + 2.6 Cut-off 4.5 57%
Verbal semantic Manchester naming test 23 298 + 7.9 D —-4.74 65%
Graded Naming test 23 457 + 494 204+4.1® -3.86 87%
Boston Naming Test (long) (max = 60) 114 339 + 16.6 55.3+3.7 -5.77 79%
Pyramids and Palm Trees/words 46 324 + 1447 49.44 +1.90119 Cut -3.99 65%
(max=52) off = 47/52 (11)
VAT Naming (max = 12) 73 102 + 33  11.89+1.1° -1.53 50%
Visual semantic Pyramids and Palm Trees/pictures 33 418 + 291 49.44 +1.90(10) -3.85 96%
(max=52)
CATS Face Matching (max = 12) 31 1124 + 02  11.55+0.18° -1.72 48%
Famous Faces Naming (max = 20) 15 1.26 + 0.86 12.82+0.87° -13.32 100%
Famous Faces Familiarity (max = 20) 24 6.85 + 0.88 14.19 +1.10° —-6.46 91%
Famous Faces Semantic Association 12 537 + 1.13  1471+0.96° -10.70 100%
(max = 20)
Famous Faces Name Familiarity (max = 20) 14 2.80 + 0.78 11.91+0.94° —10.54 100%
Social function CATS Affect Matching (max 16) 35 9.1 + 042 12.82+0.46° -8.02 88%
and emotion
TASIT EET (max = 14) 27 646 + 048 10.89 +0.40° -10.74 92%
TASIT SI-M Sincere (max 20) 24 15.99 + 0.69 16.69 +0.55° -2.12 36%
TASIT SI-M Sarcastic (max = 20) 24 474 + 085 17.60+0.68° -19 100%
IRI Empathetic Concern (max = 24) 44 1609 + 141 27.41+1.56° -7.38 84%
IRI Perspective Taking (max = 24) 44 10.77 + 1.10 22.86+1.22° -10.13 93%
Emotional Theory of Mind (max = 16) 9 12.25 + 046 14.62 +0.35° —6.43 100%
Cognitive Theory of Mind (max = 16) 15 14.79 + 0.58 15.07 +0.35° -0.77 33%
IAS-Current Warmth 13 3759 + 302 47.89+2.12° -5.13 61%
IAS-Current Coldness 13 29.53 + 227 13.72+1.83" 8.86 89%
Language Animal fluency (max = 49) 180 11.7 + 57 214+579 -1.69 60%
Lexical fluency 43 853 + 0.64 14.09+0.81° -6.82 50%
Letter fluency (FAS) 22 184 + 101 ° 26%
Executive Digit span backward (longest span, 198 6.7 + 3.2 7.2+222 -0.19 12%
functioning max = 14)
TMT-B (seconds, 13-300°) 122 121.95 + 62.05 82.2 +46.3? 0.85 14%
Attention Digit span forward (longest span, max = 9) 171 539 + 15 6.7 +1.32) -1 33%
TMT-A (seconds, 13-150°) 166 57.11 + 27.39 30.9+13.4(2) 1.95 37%

(Continues)
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TABLE 3 (Continued)
Impaired/
Z scores affected
Parameter Test (max score) N Mean + SD Norm scores (mean) (individual)?
Visuospatial Incomplete letters (VOSP) 81 172 + 4.3 19.46 +0.73'12) -0.73 38%
functioning Dot counting (VOSP) 41 97+ 11 9.68 +0.68(12) 0.11 2%
Depression Geriatric depression scale (GDS) 69 42 + 4.6 normal-0-9 - 11% mild
mild depressive, no
depressive-10-19 severe .
depression

severe
depressive-20-30.(13)

2The percentages of the patients whose z score is lower than —1.67.

bAge and sex matched healthy control.

“Default time when the test is not completed.

dA multi-modal task involving delayed verbal recall of objects visually presented to and named by participants in the learning phase.
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4 | DISCUSSION

This project is the first international collaboration and the largest
reported cohort to elucidate the clinical profile of FTD associated
with the predominant involvement of the RATL. In this first study
of the IWG, we reported the retrospective chart reviews integrated
with supportive cognitive assessment and real-life examples reported
by caregivers. The most common symptoms were mental rigidity and
preoccupations (78%); disinhibition/socially inappropriate behavior
(74%); recognition difficulties and altered reactions to taste, land-
marks, bodily sensations, smell, and sound-related stimuli (in total
74%); naming/word finding difficulties (70%); memory deficits (67%);
apathy (65%); loss of empathy (65%); and face recognition deficits
(60%). However, the integrated data unveiled that behavioral, lan-
guage, and memory problems exhibited distinct traits in rtvFTD,
warranting heightened precision. Additionally, while social cognition
assessment was generally limited across the dataset, the available data

revealed notable findings, including difficulties in emotion recogni-
tion, emotional perspective taking, and comprehending paralinguistic
cues. Moreover, recognition deficits involving faces transcended mere
visual perception, while recognition difficulties and altered reactions
to sound, smell, taste, landmarks, and bodily sensations emerged as the
most distinctive symptom category that awaits objective assessment in
prospective cohorts. Among the most noteworthy findings was the uti-
lization of varied terminologies for each symptom, underscoring gaps
within our field. The underlying mechanisms behind these distinctive
clinical presentations remain incompletely understood, and the lack of
a standardized nomenclature is leading to clinical misdiagnoses and
inaccurate registrations for clinical trials.

Historically, prosopagnosia has been considered a hallmark of
rtvFTD. However, a large body of literature has suggested that the
deficit in rtvFTD is different from posterior cortical areas related
to face perception deficit, but associated with a multi-modal deficit

in knowledge about people encompassing their voices, biographical
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information, and their names as well as faces which has been termed
as “person-specific knowledge.”? This holds significance in distinguish-
ing these cases from other dementia subtypes, necessitating a revision
of our symptom descriptions and patient assessment protocols.
Beyond person-specific knowledge, our case notes revealed
that rtvFTD patients also encounter challenges in recognizing
landmarks, smell, taste, sound, and bodily sensations, and exhib-
ited inappropriate reactions to those stimuli, despite the fact that
objective assessments of those domains were not available in our

dataset. Previous publications have shown the semantic deficits

for landmarks,3* sound/audio,’”18 smell/odor,!? taste/flavor,?°
bodily sensations/interoceptive/somatic  signals,’>2! pain, and
temperature?223 in small samples. However, it is still debatable

whether chemosensory alterations (taste, smell) are due to a pure
semantic deficit or a broader deficit of hedonic valuation.'* Notewor-
thy, many of these symptoms were reported within the categories of
“naming/word finding difficulties,” “disinhibition/socially inappropri-
ate behavior,” or “memory deficits,” underscoring the imperative of
adopting a unified and meaningful nomenclature. Another important
nuance in this category is altered responses of rtvFTD patients to
bodily sensations. This symptom is ubiquitous in the rtvFTD literature;
mostly termed as “somatization,” “hypochondria,” or “alexisomia,””-1°
although now the lack of semantic knowledge for interoceptive stimuli
has been suggested as the underlying mechanism.'®> Nevertheless,
all those hypotheses are yet to be tested in larger rtvFTD cohorts to
elucidate the neural mechanisms and determine whether they are
early characteristic symptoms of the syndrome.

All symptoms listed above may easily be considered as behavioral
problems, like those occurring in bvFTD, although in most instances
they could potentially arise from the loss of semantic knowledge. Addi-
tionally, even though diet changes occur in both subtypes, at a closer
look, narrowed food preferences are prevalent in rtvFTD instead of
hyperorality or sweet tooth which are common in bvFTD literature.?*
Furthermore, rather than simple repetitive (i.e., pacing, tapping, and
picking) or stereotypic motor behavior, in rtvFTD, rigid preoccupa-
tions leading to complex repetitive behaviors are prominent.”-? which
vary from emergence of artistic skills to clock watching.2¢-? Next
to those specific interests, alterations in personal preferences (not
only food, but also colors, clothes, and aesthetic taste), mental rigid-
ity, and narrowed thought processes that may also cause altered
decision-making were observed in the international data. The under-
standing of these behaviors is hampered by a limited body of research.
Real-life examples provided in our study illustrate that the nature of
these symptoms differs from primary obsessive-compulsive disorder,
which is typically more anxiety- or self-criticism-oriented, occurring
with complete insight.2° Instead, they seem to align more with a
set of overvalued ideas, rigid thinking, inflexibility, and rumination.
Despite the high prevalence of these symptoms (78%), the underly-
ing cognitive processes and functional anatomy are not well-resolved.
Future work will enlighten the equivocality of those acquired new fea-
tures. Other barriers in disentangling the behavioral profile in rtvFTD
are limited semiology described by broad terms like disinhibition,

apathy, and loss of empathy and the assessment heavily relying on

THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION

self/caregiver-reported symptoms and questionnaires. A recent con-
ceptual framework has offered an anatomical model for the umbrella
term “disinhibition” suggesting that ATL-related disinhibition is associ-
ated with loss of knowledge of social norms and expectations rather
than a control problem.2¢ Echoing this argument, a large body of lit-
erature supports that conceptual knowledge of social constructs and
socially relevant cues are represented in the ATLs.13:27.28

Besides, the involvement of RATL in empathy processing is widely
documented.?8 However, clinical descriptions have often been limited
to a broad term “loss of empathy” lacking the granularity concerning
specific cognitive abilities and underlying mechanisms. While the role
of RATL in emotion recognition, empathic concern, and perspective
has been studied, recent research showed lower scores in emotional
ToM in rtvFTD, in contrast to patients with frontal bvFTD who per-
form worse in cognitive ToM tasks,’ underscoring the importance of
objective assessments in the differential diagnosis of these conditions.
This distinction could have significant implications for the examination
of other behavioral symptoms such as apathy, specifically in the dis-
entanglement of its cognitive and emotional dimensions. Our findings
indicate that rtvFTD patients tend to lose enthusiasm for social inter-
actions while remaining highly motivated in solitary preoccupations.
This contrasts with classical cognitive apathy, urging an exploration of
RATL'’s role in motivation.

The occurrence of amnestic presentations in rtvFTD is another
controversial topic. To date, episodic, semantic, and autobiographical
memory deficits have been documented with discrepant frequencies
by several groups.*”-82%:30 |n our study, although chart reviews showed
that 67% of patients had memory problems, the results varied between
21% and 87% across eight different memory tests. Furthermore, the
nature of the real-life examples necessitated a deeper investigation of
this symptom. One lingering question remains: how does amnesia per-
sist in rtvFTD, even in amyloid-negative cohorts?” Could it involve the
role of semantics in episodic memory beyond semantic memory,*° or
the possible presence of hippocampal sclerosis in such cases?3! Given
the upcoming therapies for AD and FTD, elucidating the nature of the
memory deficit in rtvFTD is pivotal to avoid misdiagnosis not only with
AD but also with other FTLD subtypes presenting with amnesia.

Besides those core symptoms, affective dysregulation, anx-
iety/panic,  delusions/hallucinations, motor  problems, word
comprehension, and object recognition deficits were also observed
with lower frequencies in line with previous publications.”8 Although,
previous literature suggested depression as a distinctive symptom,’-8
our joint data also showed cases with mania and fluctuating mood. Last,
visuospatial problems were the least rated symptoms, and cognitive
test scores highlighted spared visuospatial functions that might assist
diagnosis in daily practice.

Despite the novelty and impact of the project, it is important to
acknowledge certain nuances and limitations. Cases without genetic
and/or pathological confirmation were not excluded, as the majority of
individuals were sporadic. Additionally, the use of visual rating scores,
although conducted by experienced experts, may be considered rela-
tively subjective, and employing measures such as CDR FTLD or CDR

box scores instead of global CDR could enhance the identification of



ssss | Alzheimer’s &Dementia’

ULUGUT ET AL.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

very early-stage patients. Furthermore, the absence of a direct com-
parison between rtvFTD and its differential diagnoses, such as bvFTD
and svPPA, limits the interpretation of the observed symptoms’ sensi-
tivity and specificity. Last, due to the nature of a retrospective design,
the main limitations were unnoticed symptoms in historical case notes
and a lack of systematic objective assessments for many RATL-related
domains. Nonetheless, a key strength of this study lies inits provision of
previously absent measurements and the harmonization of outcomes
derived from real-life concerns expressed by caregivers, clinicians’
interpretations, and cognitive assessments. These elements challenge
our routine clinical assessments and lay a robust foundation for the
IWG'’s forthcoming endeavors.

As described in this study, the nature of many RATL symptoms
remains poorly understood and vaguely characterized. The anatomi-
cal underpinnings, including the contribution of co-existing atrophies
and altered network dynamics following focal neurodegeneration, are
still awaiting detailed investigation. Our ultimate goals are reaching
a consensus on nomenclature and diagnostic criteria, defining the
core symptoms of the syndrome, and employing precise terminologies
that accurately reflect neural mechanisms. The overarching aim is to
facilitate the recognition of FTD associated with RATL atrophy and
differentiate the syndrome from bvFTD, svPPA, AD, and psychiatric
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SUPPORTING INFORMATION
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