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Abstract

Background Many patients with brain tumours exhibit mild to severe (neuro)cognitive impairments at some point during the
course of the disease. Social cognition, as an instance of higher-order cognitive functioning, specifically enables initiation and
maintenance of appropriate social interactions. For individuals being confronted with the diagnosis of a brain tumour, impairment
of social function represents an additional burden, since those patients deeply depend on support and empathy provided by
family, friends and caregivers.

Methods The present study explores the scientific landscape on (socio)cognitive functioning in brain tumour patients by
conducting a comprehensive bibliometric analysis using VOSviewer. The Web of Science Core Collection database was exam-
ined to identify relevant documents published between 1945 and 2019.

Results A total of 664 English titles on (socio)cognitive functions in patients with brain tumours was retrieved. Automated
textual analysis revealed that the data available so far focus on three major topics in brain tumour patients: cognitive functions in
general and in paediatric cases, as well as psychological factors and their influence on quality of life. The focus of research has
gradually moved from clinical studies with cognitive functions as one of the outcome measures to investigations of interactions
between cognitive functions and psychological constructs such as anxiety, depression or fatigue. Medical, neurological and
neuropsychological journals, in particular neuro-oncological journals published most of the relevant articles authored by a
relatively small network of well interconnected researchers in the field.

Conclusion The bibliometric analysis highlights the necessity of more research on social cognition in brain tumour patients.
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Introduction quality of life (QoL) in patient populations, such as those

affected by brain tumours [1-6]. Most patients with brain

Various cognitive subprocesses, such as attention, memory
and executive functions, mediate our performance in occupa-
tional, social and everyday life and affect participation and
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tumours exhibit (neuro)cognitive impairments at some point
[7] turning cognition into an important outcome measure,
even more since newer therapies have prolonged survival [8,
9]. The degree of cognitive impairment varies from mild to
severe across patient populations, related to disease and treat-
ment variables, methodological issues, duration of follow-up
and population discrepancies in different studies [10—12].

In recent years, social cognition, as an instance of higher-
order cognitive functioning, has sparked some interest in the
neuro-oncological community. It represents an umbrella term
for psychological constructs that vary in their complexity,
ranging from more elementary perceptual functions, such as
emotion recognition, to more elaborate ones, such as empathy,
Theory of Mind and social problem-solving [13, 14]. Since
initiation and maintenance of appropriate social interactions
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rely mainly on the ability to successfully decode mental and
emotional states of other individuals, these sociocognitive
abilities critically contribute to social integration, participation
as well as overall mental health, wellbeing and QoL.
Impairments of sociocognitive functions, due to treatment
and/or the brain tumour itself, might contribute to social iso-
lation and shrinking social networks [15—17] which is disas-
trous as social support is crucial to protect people in highly
demanding life situations from pathological distress [18].

Both cognitive and sociocognitive functions are of partic-
ular relevance for patients with brain tumours. This is also true
for those diagnosed with grade I-1II gliomas according to the
classification of the World Health Organization (WHO) as
these typically affect young adults with an anticipated survival
of many years [19]. Therefore, patients with a WHO-grade I-
III glioma have to live and cope with potential impairments of
(socio)cognitive functions for many years and even decades.
Furthermore, in highly demanding situations, such as diagno-
sis and treatment of a life-threatening illness (e.g. WHO-grade
IV tumours), patients rely on the support of their family mem-
bers and other caregivers. However, impairment of social
function may prevent those patients from interacting ade-
quately with their environment.

Taken together, accurate assessment of functioning in
(socio)cognitive domains in brain tumour patients is important
for patient counselling, treatment planning, therapeutic
decision-making and potential rehabilitation and reintegration
programs. To explore the ways in which social cognition has
been addressed in Neuro-Oncology research so far, a
bibliometric analysis of the scientific landscape was performed
that can identify clusters and trends in research on cognitive and
sociocognitive functions in patients with brain tumours.

Methods
Data collection

Relevant literature was identified using the Web of Science
Core Collection database as a collection of over 20,000 peer-
reviewed journals published worldwide in over 250 disci-
plines. Search terms were defined based on which cognitive
domains (e.g. attention, information speed, visual construc-
tion, execution, working memory, verbal and visual memory)
appear to be most consistently affected in brain tumour pa-
tients based on previous literature [11, 19-22] as well as on
which subprocesses of social cognition are relevant in highly
demanding life situations like diagnosis and treatment of a
brain tumour (e.g. emotion recognition, empathy, Theory of
Mind, social skills and social problem-solving). The search of
relevant documents of the main analysis was limited to the
titles of publications in the Web of Science Core Collection
database applying the following search string:
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TI=((“social cognition” OR “theory of mind” OR
“mentaliz*” OR “empath*” OR “emotion recognition” OR
“social problem solving” OR “social skills” OR “cognit*”
OR “memory” OR “execut*” OR “attention” OR “informa-
tion speed” OR “visual construction”) AND (“brain tumour*”’
OR “brain tumor*” OR “brain neoplasm*” OR “intracranial
neoplasm*” OR “brain cancer*” OR “intracranial tumour*”’
OR “intracranial tumor*” OR “glioma*” OR “meningioma*”’
OR “primary central nervous system lymphoma*” OR “brain
metastases” OR “brain metastasis™)).

Furthermore, an additional subanalysis of content explicit-
ly focusing on brain tumour patients with good chances of
medium- or long-term disease control such as meningiomas,
neurinomas, low-grade gliomas and primary central nervous
system lymphomas was carried out to investigate the impact
of (socio)cognitive functions in patient populations that have
to cope with potential impairments of those functions for
many years or even decades. The search of relevant docu-
ments of the subanalysis was limited to the titles of publica-
tions in the Web of Science Core Collection database applying
the following search string:

TI=((“social cognition” OR “theory of mind” OR
“mentaliz*” OR “empath*” OR “emotion recognition” OR
“social problem solving” OR “social skills” OR “cognit*”
OR “memory” OR “execut*” OR “attention” OR “informa-
tion speed” OR “visual construction”) AND (“meningioma*”
OR “neurinoma*” OR “low grade glioma*” OR “low-grade
glioma*” OR “primary central nervous system
lymphoma*”)).

Only articles in English were included and the search
spanned a period from 1945 to the end 0of 2019. Since meeting
abstracts tend to reflect organizational logistics rather than
editorial decisions, they were excluded from the analysis of
relevant sources. For all other analyses, they were included.
(Meta)data of documents were imported to VOSviewer ver-
sion 1.6.11, a software tool for constructing, analysing and
visualizing bibliometric maps [23-25]. All further analyses
and visualizations described below were conducted using
VOSviewer. To limit the potential impact of irrelevant or du-
plicate titles, the document titles were screened for relevance
and uniqueness. The search was carried out on January 2,
2020.

Term maps

Terms were automatically extracted from the titles and ab-
stracts of all documents in the datasets and were used to con-
struct maps, for instance network and density visualizations,
based on textual data [25]. Terms were counted in a binary
fashion, meaning that each term was counted only once per
item [26]. A customized “thesaurus” was used to avoid redun-
dancy and synonyms, for instance “whole brain radiothera-
py”, “wbrt” and “whole brain radiation therapy” counted as
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Fig. 1 Main analysis. Number of published documents on cognitive and sociocognitive functioning in brain tumour patients per year. Visualization starts
at 1974 since the first publication was detected in 1974

the same term. To label each identified term as a relevant  analysis. The top 60% of the terms identified according to
source, the minimum number of occurrences of a term was  the scores were included in the analysis as a default setting.
set to ten in the main analysis of content. For the subanalysis, ~ Furthermore, all terms were manually inspected and uninfor-
the minimum number of occurrences of a term was set to five, ~ mative general usage terms such as “end”, “article” or “au-
due to the lower number of documents for this detailed  thor” were excluded.
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Fig. 2 Subanalysis. Number of published documents on cognitive and sociocognitive functioning in brain tumour patients per year. Visualization starts
at 1994 since the first publication was detected in 1994
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Co-authorship map

A visualization of co-authorship networks in the field of cog-
nitive and sociocognitive functions in patients with brain tu-
mours was constructed using the dataset of the main analysis
by creating a map based on bibliographic data. The counting
method was fractional, meaning that the weight of a link is
fractionalized. For instance, if an author co-authors a docu-
ment with ten other authors, each of the ten co-authorship
links has a weight of 1/10 [26]. Of the total number of authors,
the minimum number of documents of an author was set to
five and the minimum number of citations of an author was set
to one for further automatic clustering and network visualiza-
tion. For each of the authors, the total strength of the co-
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authorship links with other authors was calculated. Again, a
customized “thesaurus” was used to avoid redundancy, for
instance “Correa, D. and “Correa, D. D.” counted as the same
author.

Map of sources

As mentioned before [27], the dataset was reduced by exclud-
ing meeting abstracts before performing the map of sources
analysis since they could distort the network properties in
favour of official journals or societies. For all other analyses,
they were included. The network structure of scientific
journals in the field of cognitive and sociocognitive functions
in patients with brain tumours was explored by creating a map
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Fig. 3 Generated term map (density visualization) of selected terms
identified from the titles and abstracts of all 664 documents

representing areas of intensively researched domains in the field of
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cognitive and sociocognitive functions in brain tumour patients. Colour
intensity is scaled to the number of (binary) occurrence of terms at each
specific point and the co-occurrence of the neighbouring terms
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of sources within the dataset of the main analysis that visual-
izes the relatedness of publication sources based on the num-
ber of times they cite each other. The counting method was
again fractionalized: The minimum number of documents of a
source/journal was three and the minimum number of cita-
tions of a source/journal was one. The total strength of the
citation links with other journals was calculated.

Results
Datasets

In the main analysis, a total of 664 documents with titles
referring to cognitive or sociocognitive functions in patients

with brain tumours were identified. As reported in Fig. 1, the
number of published documents rises per year and shows a
trend of increasing publication output. Since the first relevant
publication was identified in 1974, Fig. 1 shows the time
course from 1974 onwards. This might be due to the fact that
computer tomography and magnetic resonance imaging
evolved in the 1970s and 1980s [28] for use in clinical practice
allowing for preoperative neuroimaging and brain tumour di-
agnosis. Therefore, the first studies concerning lesion charac-
teristics and (neuro)cognition were published from that time
onwards.

For the subanalysis, a total of 88 documents with titles
referring to cognitive or sociocognitive functions in brain
tumour patients, in whom long-term disease control can
be achieved, were found. Since the first relevant
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Fig. 4 Generated term map (network visualization) of selected terms
identified from the titles and abstracts of all 664 documents
representing three major clusters (red, green and blue) and two minor
thematic clusters (yellow and purple) based on term co-occurrence in
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each term. Lines between terms indicate co-occurrence. Colours denote
clusters based on term co-occurrence
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Fig. 5 Generated term map (network visualization) of selected terms
identified from the titles and abstracts of all 664 documents with
chronological overlay to visualize tendencies in research on cognitive
and sociocognitive functions in brain tumour patients over time. Circle

publication was identified in 1994, Fig. 2 shows the time
course from 1994 onwards. Research on (socio)cognitive
functions in brain tumour patients, in whom prolonged
disease control is possible, seems to be a relatively recent
focus in research. This might be due to the fact that newer
treatment options have prolonged survival in those pa-
tients in the last decades and factors influencing occupa-
tional and social reintegration, for instance
(socio)cognitive abilities, became more important in those
patient populations.

Term maps
Main analysis
A total number of 8412 terms was automatically identified
from the titles and abstracts of all 664 documents. Of
those, 181 occurred at least ten times. The top 60% of

those 181 terms were selected (109 terms) and manually
inspected to avoid uninformative general usage terms as
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size is scaled to the total number of (binary) occurrence of each term.
Lines between terms indicate co-occurrence. Colours indicate average
publication year of terms (see colour scale)

described earlier (“Term maps” in methods section). The
remaining 42 terms were analysed and visualized.

For an overview of overall trends in research, Fig. 3
shows a density visualization of the extracted terms. For
each point in this visualization, the colour indicates the
density of terms at that point, measured in terms of oc-
currence and co-occurrence. The higher the number of
occurrence of terms at that point and the higher the co-
occurrence of the neighbouring terms, the closer the col-
our intensity of the point is to red [26]. In other words,
Fig. 3 presents areas of intensively researched domains in
the field of (socio)cognitive functions in brain tumour
patients and their interconnections.

Figure 4 shows the generated term map detailing on
clusters of closely related terms in a network visualiza-
tion. The larger the circle, the higher the frequency of
occurrence of the specific term and the smaller the dis-
tance between two terms/circles, the higher the co-
occurrence of the terms. Colours indicate clusters of
closely related terms. Cluster analysis based on term co-
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identified from the titles and abstracts of 88 documents representing
areas of intensively researched domains in the subanalysis. Colour

occurrence identified three major clusters (red, green and
blue) and two minor thematic clusters (yellow and
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Fig. 7 Generated term map (network visualization) of selected terms
identified from the titles and abstracts of 88 documents representing
three major clusters (red, green and blue) and one minor thematic
cluster (yellow) based on term co-occurrence in the subanalysis. Circle
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Figure 5 shows the same network visualization of the
term map colour-coded for time (average publication year
of term) to visualize tendencies in research on cognitive
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size is scaled to the total number of (binary) occurrence of each term.
Lines between terms indicate co-occurrence. Colours denote clusters
based on term co-occurrence
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Fig. 8 Generated term map (network visualization) of selected terms
identified from the titles and abstracts of 88 documents with
chronological overlay to visualize research tendencies in the
subanalysis over time. Circle size is scaled to the total number of

and sociocognitive functions in brain tumour patients over
time.

Subanalysis

A total number of 1610 terms were automatically identified
from the titles and abstracts of 88 documents. Of those, 63
occurred at least five times. The top 60% of those 63 terms
were selected (38 terms) and manually inspected to avoid
uninformative general usage terms as described earlier
(“Term maps” in methods section). The remaining 20 terms
were analysed and visualized.

Figure 6 shows the extracted terms in a density visualiza-
tion to provide an overview of intensively researched domains
in the field of cognitive and sociocognitive functions in brain
tumour patients, in whom medium- or long-term disease con-
trol can be achieved.

Figure 7 presents the generated term map detailing on clusters
of closely related terms in a network visualization. Cluster anal-
ysis based on term co-occurrence identified three major clusters
(red, green and blue) and one minor thematic cluster (yellow).

Figure 8 represents the same network visualization of the term
map colour-coded for time (average publication year of term).

Co-authorship map
A total of 2519 authors were identified in all 664 documents.

Of those, 91 met the predefined thresholds of a minimum
number of five documents and one citation per author.

@ Springer
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Figure 9 shows these 91 authors with automatic colour-
coded clusters for cooperation based on co-authorship.

Map of sources

This analysis was performed after excluding all documents
that were classified as “Meeting abstract” or “Meeting sum-
mary” and was thus based on 378 documents.

In total, 146 sources were identified and 31 met the
predefined criterion of a minimum number of three documents
and one citation per source. Figure 10 visualizes the related-
ness of sources based on the number of times they cite each
other with chronological overlay. Several major general neu-
rology and neurosurgery journals, general medical journals
but also specified journals for Neuro-Oncology and neuropsy-
chology emerged along with journals concerning paediatric
research.

Discussion

The bibliometric analysis of 664 scientific documents address-
ing (socio)cognitive functions in patients with brain tumours
yielded several interesting findings and illustrates that the sci-
entific landscape in this area is a growing field of research.
The term map of the main analysis (Fig. 4) reveals five
thematic clusters, with three major clusters. One major cluster
(red, Fig. 4) is mostly concerned with cognitive functions in
general in brain tumour patients. More specifically, the
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Fig. 9 Generated co-authorship map from all 664 documents to visualize
the most prolific authors and their cooperation based on the number of co-
authored documents. Circle size is scaled to the number of documents

research addressed consequences of surgical resections on
cognitive functions. Concerning modality of cognitive assess-
ment, previous research focused on cognitive screenings (e.g.
“montreal cognitive assessment” or “mini mental state exam-
ination”) in spite of evidence that those might lack the re-
quired sensitivity to detect impairment in brain tumour pa-
tients [29, 30] and the use in other clinical conditions is con-
troversially discussed [31-34]. A second cluster (green, Fig.

published. Links represent co-authorships. Colours represent clusters
based on co-authorships

4) represents a focus on cognitive functions in paediatric brain
tumour patients, a population followed carefully and compre-
hensively with serial cognitive assessment and QoL measures
by the paediatric haemato-oncological community. A third
major cluster (blue, Fig. 4) comprises terms related to psycho-
logical factors in brain tumour patients (e.g. “fatigue”, “anxi-
ety” or “depression”) and their influence on QoL [35-38].

Diagnosis and treatment of a brain tumour usually entail a
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Fig. 10 Generated map of sources from 378 documents excluding
meeting abstracts and meeting summaries to visualize the most
impactful sources in the field of cognitive and sociocognitive functions
in brain tumour patients based on the number of times they cite each other
with chronological overlay to visualize tendency in publication properties

significant psychological burden for both the patients and their
caregivers [39-44]. Several studies observed that perceived
deficits in cognitive functions more strongly correlate with
self-reported anxiety, depression and mental fatigue than with
objective cognitive test performance [45-49].

A first minor cluster (purple, Fig. 4) represents research
on long-term survivors of a brain tumour (e.g. “primary
central nervous system lymphoma” and “clinical trial”) as
many patients under the age of 65 years can be cured with
intensive chemotherapy regimens despite the extremely
aggressive nature of primary central nervous system lym-
phomas [50-54]. A second minor cluster (yellow, Fig. 4)
indicates the importance of social cognition and cognitive
rehabilitation (e.g. “social skill”, “intervention” and
“improvement”).

Until now, other components of sociocognitive functions,
for instance Theory of Mind, empathy or social problem-solv-
ing, are missing in the term maps of the main analysis (Figs. 3,
4 and 5) as sociocognitive functions have only recently been
considered in research on brain tumour patients and have
therefore not yet reached the predefined thresholds in order
to be registered in this broad automated literature analysis.

Previous research on cognitive outcome after surgery
mainly focused on WHO-grade IV tumours with inconsistent
results [7, 55-60]. To uncover the impact of (socio)cognitive
functions in patients, who have to cope with potential impair-
ments of those functions for many years or even decades, an
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over time. Circle size is scaled to the number of published documents.
Links indicate the citations between sources. Colours represent average
publication year of all documents published by each source (see colour
scale)

additional subanalysis focusing on patient populations with
prolonged manageable disease control reveals three major
(red, blue, green) and one minor (yellow) thematic cluster
(Fig. 7). The first major cluster represents the focus on conse-
quences of surgical resections (red, Fig. 7). In this vein, a
recent study on lower grade gliomas reported frequent cogni-
tive decline after resective surgery on diffuse glioma [19]. In
previous studies, a focus was placed on attention since atten-
tion is required for almost every practical activity and is there-
fore essential to higher-order cognitive functions. Serious at-
tention problems often contribute to impaired recovery in oth-
er functional domains [61]. The blue cluster (Fig. 7) represents
studies on patients with potentially curable brain tumours (e.g.
“primary central nervous system lymphoma”) and one major
outcome measure, health related QoL, is represented within
the green cluster (Fig. 7). As for the main analysis, the
subanalysis confirms that recent research also focuses on in-
fluences of psychological constructs (Fig. 7 yellow cluster),
for instance “anxiety” and “depression” [35-38]. The
subanalysis further confirms that sociocognitive functions
are not represented in the term maps until now as those abil-
ities have only recently been considered in research on brain
tumour patients. This further highlights the necessity to in-
clude social cognition in future research on brain tumour pa-
tients because it encompasses relevant functions for occupa-
tional and social functioning and eventually for general QoL
in these patients.
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Concerning the development of the scientific landscape
(Figs. 5 and 8), early research on cognitive functions in brain
tumour patients focused on assessment of cognitive functions
as a relevant outcome measure beside overall- and
progression-free survival in clinical trials. Since both the treat-
ment and the (residual) brain tumour itself might affect the
individual’s ability to function in everyday life situations,
“quality of survivorship” has become an additional research
focus and survival alone is no longer considered an adequate
single outcome measure [62] especially in patient populations
that have to cope with potential impairments of
(socio)cognitive functions for many years or even decades.
In this vein, current research also focuses on interactions be-
tween cognitive functions and psychological constructs, for
instance “anxiety” and “depression” since those constructs
are important for general and mental health and therefore for
“quality of survivorship”, for instance in terms of reintegration
into social and occupational roles. For many individuals, oc-
cupational reintegration represents one of the most important
indicators of being rehabilitated into a normal life after being
ill [63, 64].

(Meta)data from all 664 documents were used to identify
the most prolific authors and the most impactful sources (Figs.
9 and 10). The total number of authors associated with the
research field is high, but only 91 individuals have been asso-
ciated with five or more relevant publications. Furthermore,
the largest set of related authors consists of 40 well intercon-
nected individuals.

The map charting the 31 most relevant sources (Fig. 10) re-
veals that research on cognitive and sociocognitive functions in
brain tumour patients has been published in general medical,
neurological and neurosurgical journals but predominantly in
journals focusing on Neuro-Oncology, for instance the “Journal
of Neuro-Oncology” and “Neuro-Oncology”. Furthermore,
journals focusing on paediatric brain tumour patients were rep-
resented. Another interesting but also smaller contribution comes
from psycho-oncological and neuropsychological journals (e.g.
“Psycho-Oncology” and “Neuropsychologia”), again highlight-
ing the interaction of psychological and (neuro)cognitive func-
tions in patients with brain tumours.

A bibliometric analysis with computational algorithms
such as the one used in this paper can only provide an over-
view of trends in research and is limited by certain factors: The
thematic analysis is based solely on the frequency of term
occurrence and co-occurrence without further semantic eval-
uation of content. Including meeting abstracts into the textual
analysis might also have distorted the map visualizations in
favour of studies that were published first as abstracts and later
on as full research article. Furthermore, the input data were
extracted using elaborated search strings but might still have
missed publications that have less specific titles.

Despite the limitations mentioned above, this bibliometric
analysis of literature on cognitive and sociocognitive

functions in patients with brain tumours provides an insightful
overview of the development and structure of the scientific
landscape and also highlights fields of research that should
be considered in further studies.
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