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Simple Summary: After years of gauging the efficacy of tumor-directed therapies primarily by
means of survival, a broader perspective on therapeutic outcome also focusses on patients’ everyday
functional abilities. Besides neurocognition, a matter of high clinical relevance, “social cognition”
may also affect well-being and quality of life (QoL) in brain tumor patients. Abilities that enable
individuals to establish and maintain social relationships are summarized under the umbrella term
“sociocognitive functioning”. These abilities encompass the understanding and sharing of emotional
and mental states of other individuals as well as skills to detect and resolve interpersonal problems.
These sociocognitive abilities may be challenged in highly demanding life situations such as brain
tumor diagnosis and treatment. Therefore, we summarize the literature on psychosocial burden and
sociocognitive functioning in adult brain tumor patients.

Abstract: Brain tumors may represent devastating diseases and neuro-oncological research in the
past solely focused on development of better treatments to achieve disease control. The efficacy
of tumor-directed treatment was evaluated by progression-free and overall survival. However,
as neuro-oncological treatment became more effective, preservation and improvement of quality
of life (QoL) was noticed to represent an important additional outcome measure. The need to
balance between aggressive tumor-directed treatment and preservation of QoL was increasingly
acknowledged in brain tumor patients. QoL is comprised by many determinants; one of those may
have been rather neglected so far: social cognition. Since diagnosis and treatment of brain tumors
represent demanding life situations, patients may experience increased psychosocial burden and
the negative consequences of illness on well-being may be buffered by intact social relationships.
These skills to build and maintain supportive social relationships essentially depend on the ability to
empathize with others and to recognize and appropriately address social conflicts, i.e., “sociocognitive
functioning”. Therefore, sociocognitive functions may influence QoL and treatment outcome. In this
article, we review the literature on psychosocial burden and sociocognitive functioning in adult brain
tumor patients.

Keywords: brain tumor; quality of life; psychosocial burden; social cognition; sociocognitive
functioning

1. Introduction

Brain tumors represent devastating diseases and for decades of neuro-oncological
research the majority of studies has concentrated on mere patient survival. For instance,
when evaluating tumor-directed therapies in clinical trials progression-free survival (PFS)
and overall survival (OS) were deemed as unique endpoints of treatment efficacy. Due to
more effective tumor-directed therapies survival rates increased in a substantial fraction of
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brain tumor patients [1,2]. This for instance applies to medulloblastoma [3], primary central
nervous system lymphoma (PCNSL) [4] as well as to subgroups of gliomas [5,6]. Thus, long-
term sequelae of the disease and/or consequences of treatment became more relevant [7].
To this end, survival alone is no longer considered as an adequate outcome measure
when evaluated in an isolated manner [8,9]. Patients’ “quality of survivorship” may be
diminished by impairments of daily functioning in response to (residual) tumor and/or
aggressive tumor-directed treatment. Therefore, the possible benefits of intensive tumor-
directed treatment to achieve disease control ought to be outweighed against the risks of
functional deficits, neurological impairment and treatment-related neurotoxicity [10–12].
This is particularly important for those brain tumor patients [4,8,13,14] who have a long life
expectancy and can survive in a stable state for years. However, this also applies to patients
with highly malignant brain tumors, in whom not only prolongation of survival but also
preservation of quality of life (QoL) as long as possible in the remaining lifetime is aspired.
Consequently, the maintenance of QoL has been contemplated in neuro-oncological studies
as a surrogate of efficacy and tolerability of tumor-directed treatment in the last years.

When considering the patients’ QoL, neurocognitive functioning plays a major role.
Even mild cognitive deficits can detrimentally affect a person’s abilities to perform daily
activities as well as social and occupational roles, to maintain interpersonal relationships
and leisure activities. Based on this, the possible cognitive side- and long-term effects of
brain tumors and tumor-directed treatments were focused intensively in the last years of
neuro-oncological research [6,14–39]. The incidence of neurocognitive impairment varies
from 12.5% to 91% [40–46]. However, this variability might not be solely attributed to
heterogeneous study methodology. Cognitive functioning and its deterioration may be
affected by the tumor itself (i.e., biological factors), its treatment (surgery, radiotherapy,
chemotherapy or its combination), i.e., medical factors, the use of associated medication
(e.g., antidepressants, antiepileptic medication), as well as psychological factors such as
mood and/or fatigue.

In addition to suffering from neurocognitive disturbances, brain tumor patients are
simultaneously burdened by symptoms of oncological diseases (e.g., uncertain prognosis
and fear of disease progression) and by neurological symptoms (e.g., focal symptoms as
paresis, aphasia, visual field defects and personality changes) [47]. Brain tumor patients
endure the threat to their lives and to their sense of self [47] that may lead to combined
neuro-oncologic specific fears and distress symptoms [48], i.e., “double threat”.

Due to the functional, cognitive and/or emotional disturbances of the disease as well
as due to the social stigma of suffering from a brain tumor, brain tumor patients experience
psychosocial burden and distress [49,50]. According to the National Comprehensive Cancer
Network (NCCN) psychosocial distress is defined “as a multifactorial, unpleasant expe-
rience of a psychological (i.e., cognitive, behavioral, emotional), social, spiritual and/or
physical nature that may interfere with the ability to cope effectively with cancer, its physi-
cal symptoms and its treatment” [51] (p. 2). Brain tumor patients face many life changes,
such as loss of independence due to potential physical restrictions, problems with resuming
work and decreases in cognitive functioning. Furthermore, changes in personality, feelings
of social isolation and changes of interpersonal dynamics may occur. These aspects may
lead to a changing of roles with the family, friends and other caregivers as well as difficulties
with social relationships [52]. Vice versa, supportive social relationships may prevent a
patient from pathological distress caused by the illness and its treatment and thus may
positively influence QoL and health outcomes [53–58]. Models targeting adult patients
with acquired brain injuries of various etiologies proposed a number of factors contributing
to psychosocial functioning. For instance, impaired cognitive functioning (in particular
executive functioning), the severity of the injury, the occurrence of mood disorders and
psychological stress as well as timing of the injury and duration of the recovery process
may represent factors associated with poor psychosocial functioning [59,60]. By contrast,
distinct personal resources (such as positive problem orientation, coping resources, behav-
ioral and emotional regulation, meta-cognitive abilities, self-awareness and internal locus
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of control) as well as environmental resources (such as beneficial sociocultural context and
positive past experiences as well as social support and functioning of the immediate family)
may positively influence psychosocial functioning of patients [60,61]. In this vein, social
well-being is defined as the ability of patients to engage in their social network and usual
lifestyle [62].

Abilities that facilitate adequate social behavior and maintaining of social relation-
ships are known under the umbrella term “social cognition” or “sociocognitive func-
tioning” [63,64]. While psychosocial burden, as defined earlier, is related to the patients
themselves and represents the burden experienced as a consequence of the disease and its
treatment, sociocognitive functioning is a more performance-based construct gauging the
ability to understand, empathize with and appropriately interact with other people. Some
interdependence between the constructs may be assumed such that increased psychosocial
burden may limit the ability to focus on the mental and emotional states of others. Vice
versa, impaired sociocognitive functioning and ensuing conflicts may contribute to psy-
chosocial burden. Social cognition encompasses different but interrelated psychological
constructs that range from more elementary functions, such as emotion recognition, to
more complex ones. Emotion recognition is the ability to identify human emotional states
based on facial or vocal cues [65]. More complex or higher-order sociocognitive functions
include concern for others (empathy), perspective taking of others’ mental states (The-
ory of Mind, ToM) and social problem solving. The individual’s understanding of and
emotional response to the observed or imagined emotional experience of another person
is denoted by the term empathy [66]. Most of the studies postulate a subdivision into
cognitive and affective empathic facets [67]. These facets indicate the ability to affectively
share another person’s emotional state (emotional empathy) and to cognitively understand
another person’s feelings (cognitive empathy) [68]. Cognitive empathy conceptually coin-
cides with affective ToM that implies the ability to understand and infer the emotions of
others on a cognitive level [68,69]. Social problem solving embodies one of the most com-
plex sociocognitive abilities. It encompasses the identification of an interpersonal conflict
and the production and selection of appropriate and effective strategies to resolve such
a conflict [70,71]. Sociocognitive functions enable humans to comprehend other peoples’
behavior in the context of a specific situation by understanding what is going on in other
peoples’ minds and based on the latter, to adapt their own behavior in social situations in a
goal-directed manner. The capability to take the perspective of another persons’ emotions
and intentions is needed in virtually all human interactions and thus offers an important
basis for a person’s social relationships and group membership. Therefore, not only neu-
rocognitive functioning but also sociocognitive functioning is an essential part of daily
human life.

Acknowledging the fact that brain tumor patients may benefit from supportive social
relationships during the disease course, the aim of this review is to provide a systematic
overview of the available data whether and how sociocognitive functioning is altered in
adult brain tumors patients. Since social group membership is actually an essential factor
in maintaining the well-being of a healthy individual [72,73], it is obvious that patients with
severe or life-threatening illnesses are even more dependent on support from caregivers and
their social group. Furthermore, the review will focus on the extent to which those patients
experience psychosocial burden in response to the tumor and its treatment to shed light
on consequences of the brain tumor and its treatment on psychosocial well-being. Both,
studies on primary and secondary brain tumor patients will be included in the present
review. An earlier review on social cognition in patients with intracranial tumors [74]
reviewed the literature from the angle of cognitive neuroscience (i.e., neuroimaging re-
sults and neuroanatomical correlates of social cognition) and a bibliometric analysis has
demonstrated the increasing interest for concepts such as psychosocial burden and so-
ciocognitive impairment in recent years [75]. Furthermore, recently the relevance of brain
mapping on social cognition and underlying white matter fiber tracts was summarized by
Nakajima et al. (2021) [76]. To this end, the present review aims to primarily highlight the
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clinical relevance of sociocognitive impairment in brain tumor patients, to give an overview
on behavioral results of the studies and to incorporate most recent publications on both
sociocognitive functioning and psychosocial burden in adult brain tumor patients. Better
insights in the issues of social cognition and psychosocial burden in brain tumor patients
and its clinical relevance may inspire research as well as facilitate the investigation and
implementation of supportive sociocognitive treatment interventions in clinical practice.
Those developments may positively impact the QoL of both brain tumor patients and
their caregivers.

2. Methods
2.1. Search Strategy

To identify relevant articles a literature search was performed in the electronic data
bases of PubMed and Web of Science.

The following search string was used in PubMed data bases: ((“social cognition” [Title])
OR (“sociocognitive*” [Title]) OR (“theory of mind” [Title]) OR (“mentaliz*” [Title]) OR
(“empath*” [Title]) OR (“emotion recognition” [Title]) OR (“social problem solving” [Title])
OR (“social skill*” [Title]) OR (“social funct*” [Title]) OR (“social impairment*” [Title])
OR (“psychosocial impairment*” [Title]) OR (“psychosocial*” [Title]) OR (“psychosocial
burden*” [Title]) OR (“psychosocial difficult*” [Title]) OR (“social support” [Title])) AND
((“brain tumour*” [Title]) OR (“brain tumor*” [Title]) OR (“brain neoplasm*” [Title]) OR
(“intracranial neoplasm*” [Title]) OR (“brain cancer*” [Title]) OR (“intracranial tumour*”
[Title]) OR (“intracranial tumor*” [Title]) OR (“glioma*” [Title]) OR (“low-grade glioma*”
[Title]) OR (“low-grade tumour*” [Title]) OR (“low-grade tumor*” [Title]) OR (“low-grade*”
[Title]) OR (“high-grade glioma*” [Title]) OR (“high-grade tumour*” [Title]) OR (“high-
grade tumor*” [Title]) OR (“high-grade*” [Title]) OR (“meningioma*” [Title]) OR (“primary
central nervous system lymphoma*” [Title]) OR (“brain metastas*” [Title])) NOT ((“child*”
[Title]) OR (“paediat*” [Title]) OR (“pediat*” [Title])).

To identify relevant literature in the Web of Science core collection data bases the
following search string was used: TI = ((social cognition OR sociocognitive* OR theory
of mind OR mentaliz* OR empath* OR emotion recognition OR social problem solving
OR social skill* OR social funct* OR social impairment* OR psychosocial impairment* OR
psychosocial* OR psychosocial burden* OR psychosocial difficult* OR social support) AND
(brain tumour* OR brain tumor* OR brain neoplasm* OR intracranial neoplasm* OR brain
cancer* OR intracranial tumour* OR intracranial tumor* OR glioma* OR low-grade glioma*
OR low-grade tumour* OR low-grade tumor* OR low-grade* OR high-grade glioma* OR
high-grade tumour* OR high-grade tumor* OR high-grade* OR meningioma* OR primary
central nervous system lymphoma* OR brain metastas*)) NOT TI = (child* OR paediat*
OR pediat*).

The literature included original articles from April 1986 to August 2021 as identified by
the literature search as well as original articles as found by manual searches and screening
of the references (i.e., additional articles were identified through cross-referencing of the
retrieved articles). The literature search took place on 22 April and was repeated on
22 August 2021 to screen for timeliness of data.

2.2. Selection Criteria

Articles included were original peer-reviewed articles reporting sociocognitive func-
tioning and/or psychosocial burden in adult (≥18 years) brain tumor patients. All types of
studies were considered as long as they presented original research findings. Since different
definitions of social cognition/sociocognitive functioning and psychosocial burden were
presented in the literature the included articles had to cover at least one of the different
constructs as mentioned above (see Section 1 and search string in Section 2.1). Sociocog-
nitive impairment and psychosocial burden could have been reported from the patients’
or the caregivers’ perspective but had to be objectively assessed in the patients. Studies
only reporting psychosocial burden in caregivers of brain tumor patients were excluded.
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Furthermore, if the studies focused on psychiatric comorbidities only or used the distress
thermometer as the only screening tool, they were excluded. The distress thermometer
represents a single item screening tool for distress using a visual analogue scale on which
participants rate their level of distress from 0 (none) to 100 (extreme). Although the dis-
tress experienced in brain tumor patients is reported to be high [77] the present review
aimed to specifically target psychosocial burden. Therefore, studies assessing distress
alone go beyond the scope of this review. The same is true for studies which focused
on psycho-oncological and psychosocial support only. Further exclusion criteria were as
follows: articles not written in English, studies involving only children (<18 years), studies
including both adults and children but without a subanalysis involving only adults and
studies of entities other than brain tumors. Furthermore, meeting and conference abstracts
were excluded from the analyses. Additionally, (systematic) reviews that did not include
original data as well as study protocols, letters to the editor and editorial material that did
not include original results and comments/notes were excluded from the present review.

2.3. Data Extraction

From all articles the following data was extracted manually: authors, year of publi-
cation, study design, time of assessment (e.g., pre- or post-treatment), number of patients
with their diagnosis (if explicitly reported), presence of a clinical or healthy control group,
criteria for matching with the control group (if present), instruments to assess sociocogni-
tive functioning or psychosocial burden and key findings or research objective concerning
sociocognitive functioning or psychosocial burden. The key findings were classified as
comparison of (mean) scores between groups at one time point, association of sociocogni-
tive functioning or psychosocial burden with other outcomes, sociocognitive functioning
or psychosocial burden as an outcome or a predictor in a prognostic model, comparison of
(mean) scores in one group over time or comparison of (mean) scores between groups at
multiple time points.

3. Results
3.1. Genereral Search Results

The literature search resulted in 138 records as identified by PubMed and Web of Sci-
ence searches using the search strings specified above. Another 22 studies were identified
by manual searches and eight additional studies were identified by screening the references
of the retrieved literature for relevant articles. Overall, 168 records were retrieved. After re-
moving 50 duplicates, 118 reports were screened manually. Sixty-six articles were excluded
(see exclusion criteria of the present review in Section 2.2). Finally, 52 studies were eligible
and included in the review (see Figure 1 for the article selection procedure according to
PRISMA guidelines [78]).
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Figure 1. Flow diagram on searches of PubMed and Web of Science databases and studies included
in the review.

3.2. Psychosocial Burden

Of the 52 studies, 20 assessed psychosocial burden in brain tumor patients. Of these,
one study included preoperative patients and 13 studies addressed psychosocial burden
and the relevance of social relationships in brain tumor patients after treatment. Another six
studies used more than one assessment during the disease course. See Table 1 for the study
design and main instruments to assess psychosocial burden and Table S1 for a summary of
the study methodology and detailed descriptions of the main results.
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Table 1. Summary of the topic, design and main instruments to assess sociocognitive functioning
and psychosocial burden of the identified studies.

Authors Topic Design Main Instrument of Sociocognitive Functioning or Psychosocial Burden

Andrewes et al.
(2003) [79]

psychosocial
burden crosssectional emotional and social dysfunction questionnaire

Baird et al.
(2006) [80] social cognition crosssectional

facial emotional expression multimorph task: recognition of a neutral face gradually
morphed through twenty 5% increment stages into 1 of 6 prototypical expressions

(happiness, sadness, anger, disgust, fear and surprise);
social situations task: judge the appropriateness of behaviors in short stories of social

situations (normative versus violation);
joke interpretation: state whether the scenario was amusing and why (correct answers

referred directly to the thoughts, feelings and dispositions of the characters);
advanced ToM: interpret and justify the behavior of the main protagonist in stories of

naturalistic social situations

Baird et al.
(2014) [81] social cognition case study emotions portrayed by music excerpts (happy, peaceful, sad and scary);

the Awareness of Social Inferences Test (happy, surprised, neutral, sad, angry, anxious)

Bowers &
Heilman

(1984) [82]
social cognition case study

Neutral Facial Discrimination Task: state whether 2 faces (unfamiliar with neutral facial
expression) were the same or a different person;

Name the Facial Emotion Task: name the facial emotion depicted in a photograph with 1
of 4 facial emotions (happiness, sadness, anger or indifference);

Choose the Facial Emotion Task: point to the face that depicted a target emotion named
by the examiner (i.e., point to the sad face);

Same-Different Facial Emotion Task: indicated whether the emotion portrayed by
2 same faces was the same or different;

Affective Prosody Task: identify the affective intonation of a sentence (semantically neutral
sentences recorded in 4 different affective intonations: happy, sad, angry, indifferent)

Bunston et al.
(1998) [83]

psychosocial
burden crosssectional

Coping in stressful Situations Scale to measure 3 major coping styles: task-oriented,
emotion-oriented and avoidance coping;

FACT-Brain (subscales: physical, functional, social/family, emotional well-being,
relationship with doctor, total score);

Fatigue Severity Scale;
The Life Event Survey to measure life event stress by assessing both the extent of

desirability and personal impact;
The Princess Margaret Hospital Needs Assessment Inventory to identify 58 specific

needs grouped into 12 domains of need

Campanella
et al. (2014) [84] social cognition prospective

Emotion recognition (Ekman Faces) word-to-picture matching task: 6 faces of the same
person expressing 6 basic emotions (happiness, sadness, anger, surprise, fear and disgust);

RMET;
Toronto Alexithymia Scale;

Temperament and Character Inventory

Campanella
et al. (2015) [85] social cognition prospective

Emotion recognition (Ekman Faces) word-to-picture matching task: 6 faces of the same
person expressing 6 basic emotions (happiness, sadness, anger, surprise, fear and disgust);

RMET;
Toronto Alexithymia Scale;

Temperament and Character Inventory

Cavers et al.
(2012) [86]

psychosocial
burden prospective qualitative longitudinal multiperspective technique; interviews conducted over a period

of 2 years to explore the experiences of patients and caregivers

Channon et al.
(2007) [87] social cognition crosssectional

pragmatic comprehension task: social context with 4 different types of endings (control
physical event, human action, direct sarcastic remark, indirect sarcastic remark),

generation of appropriate interpretations of the final remark; selection of best
interpretation among alternatives

Chen et al.
(2016) [88] social cognition crosssectional

IRI;
forced-choice facial Emotion Recognition Task with 5 basic emotions and neutral;

perception of others’ pain task;
emotional perspective taking;

Toronto Alexithymia Scale

Cornwell et al.
(2012) [89]

psychosocial
burden prospective

semi-structured interview with open questions; perspectives on issues related to
patients’ health;

in-depth interview asked about experiences and feelings of life at home since discharge,
ongoing therapy and support services, perceived needs and barriers and facilitators to

goal achievement
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Table 1. Cont.

Authors Topic Design Main Instrument of Sociocognitive Functioning or Psychosocial Burden

Cubis et al.
(2019) [90]

psychosocial
burden crosssectional

FACT-cognitive function and general;
The Exeter Identity Transition Scale (pre-existing social groups, the maintenance of

social groups and new social groups);
Social Subscale from the Traumatic Brain Injury Self-Efficacy Scale (confidence in

support from social group membership);
Satisfaction with Life Scale; the seven item depression Scale of Depression Anxiety

Stress Scales;
The Generalized Anxiety Disorder Scale

Giussani et al.
(2010) [91] social cognition prospective

identify and name facial emotion expression (anger, happiness, fear, surprise, disgust
and sadness);

intraoperative facial emotion recognition task (anger, happiness, fear, surprise, disgust
and sadness)

Goebel et al.
(2011) [92]

psychosocial
burden crosssectional

clinical interview for diagnostic and statistical manual of mental disorders fourth edition;
distress thermometer;

HADS;
Impact of Event Scale-revised;

questionnaire to mark distressing events during illness

Goebel et al.
(2011) [93]

psychosocial
burden crosssectional

distress thermometer and associated problem list of the distress thermometer (practical,
family, emotional, spiritual-religious or physical problems);

HADS,
Questionnaire for the Assessment of social support

Goebel et al.
(2018) [94]

social cognition
and psychosocial

burden
crosssectional

Karolinska directed emotional faces (emotion recognition, facial differentiation,
emotional differentiation);

ToM with the RMET;
complex ToM reasoning with the Faux-Pas Test;

nonverbal cognitive and affective ToM with Picture Stories;
Empathy quotient;

HADS;
Marburg Competence Scale;

Social Adjustment Scale;
Social and occupational functional assessment scale (examiners rating)

Gu et al.
(2012) [95] social cognition crosssectional

empathy for pain paradigm with explicit pain condition: judge whether the person in
the photograph was suffering from pain or not and implicit pain condition: judge the

laterality of the hand/foot

Guha-
Thakurta et al.

(1999) [96]
social cognition crosssectional

modified FACT-Brain;
Symptom Questionnaire;

Social Adjustment Scale Self-Report;
Problem Solving Inventory

Herbet et al.
(2013) [97] social cognition prospective RMET;

Comic Strip Task

Herbet et al.
(2014) [98] social cognition crosssectional RMET;

Comic Strip Task

Herbet et al.
(2015) [99] social cognition crosssectional Empathy quotient

Herbet et al.
(2015) [100] social cognition crosssectional RMET (preoperative: 4 response options, intraoperative: 2 response options)

Jenkins et al.
(2014) [101] social cognition crosssectional

Emotion recognition Task: facial morphing with neutral faces changing into emotional
(anger, disgust, fear, happiness, sadness and surprise) faces of differing intensities

(20–100%);
Perspective Taking Task: ToM scale (inferences on thoughts of the character), empathy scale

(inferences on feelings of the character), physical scale (inferences on physical events)

Kangas et al.
(2011) [102]

psychosocial
burden crosssectional

The Profile of Mood States;
The Intrusion and Avoidance Subscale from the Impact of Event Scale-Revised;

The Multidimensional Scale of Perceived Social Support

Kangas et al.
(2012) [103]

psychosocial
burden prospective

Post-Traumatic Stress Disorder Checklist-Stressor Specific Version (group categorization
in high and low symptoms);

Impact of Event Scale-Revised;
FACT-General and Brain;

Profile of Mood States;
Partner Response to Cancer Inventory (perceived positive support);

Social Constraints Scale
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Table 1. Cont.

Authors Topic Design Main Instrument of Sociocognitive Functioning or Psychosocial Burden

Kanter et al.
(2014) [104]

psychosocial
burden crosssectional quantitative analyses of themes discussed in support groups

Langbecker &
Yates

(2016) [105]

psychosocial
burden prospective

Katz Index of Independence in Activities of daily living;
Lwanton-Brody Instrumental Activities of daily living;

Supportive Care Needs Survey short form and brain tumor-specific items;
Distress thermometer;

FACT-Brain

Lucas
(2010) [106]

psychosocial
burden

qualitative
study

hundreds of unstructured interviews conducted between 2001–2008 in individual
settings and in the group context

Luherne-du
Boullay et al.
(2014) [107]

social cognition crosssectional

visual emotional recognition task from the Karolinska Directed Emotional Faces
(happiness, sadness, disgust, anger, fear and neutral face);

auditory emotional recognition task with 60 affect vocalizations (happiness, sadness,
disgust, anger, fear and neutral) from the Montréal Affective Voices;

crossmodal stimuli: emotional faces and voices congruently and simultaneously presented

Mattavelli et al.
(2017) [108] social cognition prospective

Ekman 60 Faces test: recognition of emotional facial expressions (matching to sample
procedure; surprise, happiness, fear, disgust, anger and sadness);

recognition of emotion from prosody: new experimental paradigm (sentences consisting
of pseudo-words with a prosody corresponding to 1 of 6 emotions)

Mu et al.
(2012) [109] social cognition case-control

study
Facial Expression Identification: photos from the Chinese static facial expression gallery

with 6 types of basic emotions and neutral expressions

Nakajima et al.
(2018) [110] social cognition prospective intraoperative mentalizing test: False Belief Task;

Cartoon format of the picture arrangement Task of the WAIS third edition

Nakajima et al.
(2018) [111] social cognition crosssectional RMET

Nakajima et al.
(2021) [112] social cognition prospective

Intraoperative Basic Emotional Test with photos of modified Japanese facial expression
of basic emotional series (eye region): selection of most suitable emotional state from

2 choices within 2 seconds;
Expression Recognition Test for adults with 32 photographs of basic emotions

(happiness, sadness, anger and surprise): selection of most reasonable mental state from
5 choices

Ownsworth
et al. (2011)

[113]

psychosocial
burden crosssectional in depth semi-structured interviews

Ownsworth
et al. (2015)

[114]

psychosocial
burden

randomized
wait-list

control study

McGill QoL Questionnaire: physical, psychological, existential and social well-being;
Montgomery-Asberg Depression Rating Scale;

Depression Anxiety Stress Scales-21;
FACT-Brain

Papagno et al.
(2016) [115] social cognition prospective

Forced-choice Emotion recognition Task (stimuli selected from FEEST to create a
modified version of the Ekman test): selection of correct emotion among 5 alternatives
written below the picture (orally or pointing), emotions of anger, fear, happiness, disgust
(excluding sadness and surprise) and a mildly neutral expression (happiness at 25% of

its intensity)

Peper & Irle
(1997) [116] social cognition crosssectional

selection of category labels: name and select the correct label on a multiple-choice card
of presented emotional vocalizations joy, anxiety, sadness and anger (unimodal

multiple choice-task);
crossmodal vocal-visual recognition of emotion categories with matching emotion

categories between auditory and visual stimuli (matching to sample procedure): vocal
probe stimulus followed by 2 Ekman & Friesen photographs displaying the same

emotion category or a new category to choose from;
recognition of affiliative emotion dimensions (valence and arousal) with matching

emotion dimensions between auditory and visual stimuli: vocal probe stimulus
displaying one emotion category followed by 2 photographs with 2 different emotion

categories with corresponding emotion dimensions or not
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Table 1. Cont.

Authors Topic Design Main Instrument of Sociocognitive Functioning or Psychosocial Burden

Peper & Irle
(1997) [117] social cognition crosssectional

selection of category labels: name and select the correct category label on a
multiple-choice card of pictures (Ekman and Friesen’s Pictures of Facial Affect)

displaying emotional categories (happiness, surprise, anger, anxiety, grief and disgust);
selection of named emotion category: select the facial expression (6 emotional

expressions of different faces) named by the examiner;
matching emotion categories: matching to sample paradigm with 6 categories and an
additional neutral stimulus (presentation of probe stimulus immediately followed by

2 choice photographs with the same emotion category and a new category to choose from);
matching emotion dimension: probe face displaying one emotion category and
2 response photographs displaying 2 different emotion categories, with either a

corresponding emotion dimension or not

Pertz et al.
(2021) [118] social cognition crosssectional

IRI;
Multifaceted Empathy Test;

Social Problem Solving Fluency Task: ability to detect and interpret awkwardness in
hypothetical real-life social situations; discomfort experienced in problematic social

situations; capacity to freely generate and merely recognize appropriate solutions for
social problems

Prat-Acin et al.
(2021) [119] social cognition prospective modified version of RMET

Saver &
Damasio

(1991) [120]
social cognition case study

The Optional Thinking Test (ability to generate alternative solutions to hypothetical
social dilemmas);

The Awareness of Consequences Test (spontaneous inclination to consider the
consequences of social actions);

The Means-End Problem-solving procedure (ability to conceptualize efficacious
step-by-step means to achieve social goals);

The Carton Prediction Test (ability to predict the social consequences of events)

Shin et al.
(2016) [121]

psychosocial
burden crosssectional qualitative interview with semi-structured questions; questions included “How have

your seizures affected your relationships?”

Sinha et al.
(2020) [122] social cognition prospective

Affective Facial Expression Test: selection of correct emotional expression in faces
(happiness, sadness, anger, surprise, fear, disgust);

patient health questionnaire

Szelag &
Fersten

(1991) [123]
social cognition crosssectional

emotion recognition with faces expressing positive, negative (happy and sad) and neutral
emotions in a visual half field paradigm (left or right from a fixation point), effectiveness of

perception in the left and right visual fields measured by number of errors

Trejnowska
et al. (2020)

[124]

psychosocial
burden crosssectional

Mini-Mental Adjustment to Cancer Scale;
Experiences in Close Relationships-Revised questionnaire;
Modified Medical Outcomes Study-Social Support Scale;

FACT-Brain-physical well-being

Troschel et al.
(2021) [125]

psychosocial
burden prospective

personal behavior (i.e., number of weekly contacts to friends, acquaintances, or family
outside the home environment independent of contact in person, via telephone or via

video tools);
Isolation Questionnaire;

HADS;
Distress Thermometer;

WHO5 well-being score

Voß et al.
(2021) [126]

psychosocial
burden crosssectional

patient interviews covering 6 main areas: psyche, cognition, body, role functioning,
social support, unmet needs;

rating whether the issues affected them and the importance of these areas

Wang et al.
(2014) [127] social cognition prospective

Empathy For Others Pain Task with pain condition and laterality condition;
IRI;

Toronto Alexithymia Scale

Weitzner et al.
(1996) [128]

psychosocial
burden crosssectional

Ferrans and Powers QoL Index for Cancer (health and functioning, socioeconomic
aspects, psychological/spiritual aspects, family);

Psychosocial Adjustment to Illness Scale-Self Report (healthcare orientation, vocational
environment, domestic environment, sexual relationships, extended family relationships,

social environment, psychological distress)
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Table 1. Cont.

Authors Topic Design Main Instrument of Sociocognitive Functioning or Psychosocial Burden

Yordanova
et al. (2017)

[129]
social cognition prospective

RMET;
modified version of the RMET (only 2 mental state options, for each patient items with a

wrong answer during preoperative assessment were excluded)

Yuksek et al.
(2015) [130] social cognition prospective Facial Emotion Recognition Test with Ekman and Friesen’s Faces (happy, surprised,

fearful, sad, angry, disgusted and neutral facial expression)

Note. Facial Expressions of Emotion: Stimuli and Tests (FEEST), Hospital Anxiety and Depression Scale (HADS),
Interpersonal Reactivity Index (IRI), Quality of Life (QoL), Reading the Mind in the Eyes Test (RMET), The
Functional Assessment of Cancer Therapy (FACT), Theory of Mind (ToM), Wechsler Adult Intelligence Scale
Revised (WAIS), World Health Organization (WHO).

In general, psychosocial burden was apparent in brain tumor patients before any
treatment has started [94]. Furthermore, both immediately after diagnosis or in the early
treatment phase [92,93,104] as well as during the course of the disease (i.e., also months
or years later) [83,126] psychosocial burden appears to be moderate to high. Common
challenges were problems of dealing with the partner or children [93], role reversals, strain
and concerns about the impact of illness on caregivers [104]. Relevant psychosocial stress
was found in 73% of brain tumor patients immediately after surgery [92]. Since psychosocial
burden may be caused by the brain tumor diagnosis and the distress associated with the
surgical treatment [92] social support might be particularly important in the early treatment
phase. However, other studies highlighted the relevance of social support at different
states of the disease [124]. In this vein, in general the prevalence of psychosocial needs was
high in the outpatient setting [83,106,126] highlighting the relevance of supportive social
relationships when the disease continues to progress. By contrast, patients with benign
tumors reported their perceived social support as high several years after diagnosis [102].
Some studies identified treatment specific and illness-inherent factors (malignancy and
occurrence of seizures) influencing the severity of psychosocial burden [79,103,121,128],
other studies generally showed an increased psychosocial burden [83,106,126]. Some
studies with more than one timepoint pointed to a lower psychosocial burden during
the disease course [105] while other studies reported an increase of psychosocial burden
during the course of the disease [86,89]. Some patients emphasized positive effects on
their relationships while others described a loss of relationships due to the tumor and its
treatment [113]. In a recent study, the most consistent predictor of QoL was the number of
social contacts when assessed weekly over a period of 12 weeks in brain tumor patients
during the first lockdown of the COVID pandemic [125]. This study highlighted the impact
of social group membership on well-being in brain tumor patients which probably is also
valid independently of the COVID pandemic [90]. Additionally, some studies demonstrated
a positive influence of psychotherapeutic interventions targeting psychosocial issues [114]
and indicated the positive influence of supportive social relationships on the well-being of
brain tumor patients in general [90].

3.3. Sociocognitive Functioning

While the previous paragraphs demonstrated that brain tumor patients suffer from
relevant psychosocial burden and, as a result, the need for social support throughout the
disease course, the following sections summarize evidence on sociocognitive functioning in
brain tumor patients relevant for the establishment and maintenance of supportive social
networks. Of the 52 studies identified in the present review, 33 assessed sociocognitive
functioning in brain tumor patients. Of these, five studies assessed sociocognitive func-
tioning prior to treatment, 15 studies focused on the posttreatment phase and 13 studies
involved multiple assessments during the disease course. See Table 1 for the study design
and main instruments to assess social cognition and Table S1 for a summary of the study
methodology and a detailed description of the main results.

The studies on sociocognitive functioning in brain tumor patients present contradic-
tory results. For instance, some pretreatment studies report unimpaired performance or
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only minor sociocognitive deficits in preoperative patients, when addressing crossmodal
emotion recognition [107] and cognitive empathy [100] with the latter being assessed with
the Reading the Mind in the Eyes Test (RMET). In the RMET, participants had to infer
complex mental states (i.e., “embarrassed”) from a person’s eye gaze. Addressing various
aspects of sociocognitive functioning such as ToM [94], cognitive and affective empathy,
perception of others’ pain and emotional perspective taking [88] as well as emotion recog-
nition [109] other studies pointed to significant sociocognitive impairments even before
any treatment has started [88,94,109]. This probably argues for an effect of tumor mass
or an impaired functional connectivity due to the localization of the tumor, leading to
sociocognitive impairment. Though carried out in a heterogeneous patient group, one of
the preoperative studies for the first time highlighted the clinical relevance of sociocognitive
impairments in brain tumor patients [94].

The postoperative and posttreatment studies presented contradictory results too. Some
of these studies revealed sociocognitive impairments after treatment in single cases or case
series [80–82,95], some of them region-specific [95]. By contrast, another case study reported
normal abilities in various sociocognitive tasks [120]. However, the intact sociocognitive
functioning in the laboratory tasks of the latter study stood in sharp contrast to the pro-
foundly impaired social decision-making the patient exhibits in real life [120]. Studies
including larger patient groups that focused on the early treatment phase demonstrated
impairments in categorial and dimensional emotional decoding in a heterogeneous group
of brain tumor patients [116,117]. Furthermore, another study reported impairments in
comprehension of mentalistic material especially in brain tumor patients with frontal le-
sions [87]. Additionally, studies with longer periods between diagnosis/treatment and data
assessment presented impairments of emotion recognition in brain tumor patients [123]
and supported the notion of a region-specific impairment [101]. In one of these studies,
a ventromedial prefrontal brain tumor patient group scored significantly lower on facial
emotion recognition. Furthermore, both a ventromedial and dorsolateral prefrontal brain
tumor group performed worse concerning ToM [101]. Three studies targeted rather large
and homogeneous groups of patients with low-grade glioma after surgery [98,99,111].
These studies reported rather minor to moderate sociocognitive impairments concerning
self-reported empathy [99], cognitive empathy (RMET) [98,111] and ToM assessed with a
Comic Strip Task [98]. In this task participants had to select the most logical ending of a
comic strip among distracters by inferring the intentions of characters. Studies targeting
PCNSL reported some conflicting results. While in an early study the self-reported so-
ciocognitive abilities and stress coping abilities were comparable between PCNSL and the
normal population [96] a recent study demonstrated impairments in cognitive empathy and
social problem solving abilities in PCNSL patients [118]. These contradictory results may
be due to an inappropriate targeting of sociocognitive impairment by self-report measures,
also affected by potentially reduced metacognitive abilities of the patients (i.e., insight). On
the other hand, it is plausible that more complex sociocognitive functions such as social
problem solving are particularly impaired.

Concerning studies with more than one assessment, to the best of our knowledge
only one study assessed influences of an oncological treatment other than surgery. This
study reported changes in emotion recognition after radiation [130]. Studies using two time
points before and after surgery reported on a performance decrease in emotion recognition
in glioblastoma patients [122] as well as region specific impairments of sociocognitive func-
tioning [84] in a heterogeneous group of brain tumor patients. In the latter study, emotion
recognition was most strongly impaired in patients with anterior temporal and amygdala
lesions. The RMET performance was most strongly impaired in patients with posterior
temporoparietal lesions [84]. By contrast, the sensitivity/empathy to others pain was signif-
icantly improved in glioma patients postoperatively in another study [127]. Another three
studies used three assessments even though these did not extend the second follow-up to
more than a few months after surgery [85,97,108]. In low-grade glioma patients a recovery
of emotion recognition, cognitive empathy (RMET) [85] and ToM (Comic Strip Task) was



Cancers 2022, 14, 767 13 of 25

observed three [97] and four months after surgery [85] while the patients’ performance
declined immediately after surgery [85]. In another study a recovery of emotion recognition
abilities was found three months after surgery [108]. Therefore, various authors argued that
sociocognitive impairment may be transitory especially in low-grade glioma [85,97,108,110].
However, whether this is related to brain plasticity cannot be inferred from the data pre-
sented. Furthermore, additional studies demonstrated an incomplete functional recovery of
sociocognitive performance, particularly when the resection cavity was located in specific
regions [87,101]. With the aim of functional preservation, a range of studies used intraoper-
ative mapping of sociocognitive functioning [91,110,112,115,119,129]. Based on the findings
of these studies, it was argued that intraoperative mapping of social cognition offers added
value in brain tumor patients. However, none of those studies assessed complex sociocogni-
tive abilities, such as social problem solving. Therefore, it has not yet been clarified whether
intraoperative mapping also preserves higher-order sociocognitive functioning.

4. Discussion

Humans are social beings whose success and satisfaction in daily life relies on co-
operation with other social beings to a particular extent [72,73,131]. Supportive social
relationships most obviously are especially important for mental health and QoL in brain
tumor patients since they suffer from severe health conditions and intensive treatment. For
instance, married brain tumor patients were by trend less likely depressed than unmarried
individuals [132,133]. This is probably due to overall improved health habits in married
individuals with cancer, less delay in seeking medical care when symptomatic and/or
greater social support. The ability to maintain supportive social relationships is mediated
by sociocognitive functioning (see Section 1). Correspondingly, sociocognitive impairment
may result in a variety of interpersonal difficulties such as complaints of frustration in social
situations, feelings of social discomfort or feelings of social disconnection and therefore
may negatively influence QoL. Due to difficulties in social interactions, visits with friends,
family or colleagues may become less frequent during the disease course. As a consequence,
patients may experience heightened psychosocial burden and withdraw further from any
social function [106]. To this end, the potential consequences of the tumor and/or certain
treatments on sociocognitive functioning and psychosocial burden may undermine the
“value” of survival [134].

4.1. Summary of Main Findings

The psychosocial burden in brain tumor patients appears to be moderate to high based
on the reviewed primary literature. The Functional Assessment of Cancer Therapy was the
most frequently used instrument to assess psychosocial burden although methodology in
general was rather heterogenous. Patients may suffer from the influence the brain tumor
and its treatment has on their social life and social group membership both immediately
after diagnosis [92,93] and also months or years later [83,126]. Role reversals and concerns
about the impact of illness on caregivers and losing the ability to care for children were
the most frequently reported themes in brain tumor patients [104]. The need for social
support was associated with the patients QoL [83] and social support may buffer the effects
of multiple treatments and tumor progressions on patients’ wellbeing [102].

Contradictory results were yielded by the reviewed studies on sociocognitive func-
tioning in brain tumor patients. Some pretreatment studies reported unimpaired perfor-
mance or only minor performance deficits in preoperative patients [100,107]. By contrast,
other studies pointed to significantly impaired sociocognitive functioning even before
any treatment has started in brain tumor patients [88,94]. Likewise, some posttreatment
studies reported relevant impairments [87,118,122,130], some region-specific [80,95,101]
(e.g., mainly frontal and insular regions). By contrast, other investigations reported no
clinically relevant or only minor impairment of sociocognitive functioning in brain tumor
patients even after treatment [81,96,98,111,120,127].
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4.2. Clinical and Therapeutical Implications

Although survival as a clear cut and important outcome measure in clinical trials is
relevant in Oncology, it does not provide detailed information on the clinical situation of
the patient. Since the population of survivors in Neuro-Oncology is growing it is important
to gain a more thorough and nuanced understanding of the consequences of brain tumors
and their oncological treatment on QoL. Maintaining an acceptable QoL has become a
major goal of patient-centered neuro-oncological therapies and constitutes a secondary
outcome measure in most clinical oncological trials.

Brain tumor patients may suffer from overall neurocognitive deficits at some point
during the disease course and deficits were detected in about 80% of cases in general [135].
In about 40% of newly diagnosed temporal lobe glioma, deficits in executive functioning
were present [136]. In comparison, Goebel et al. (2018) reported a sociocognitive impair-
ment in 83% of patients with at least one of the applied measures [94]. Therefore, in brain
tumor patients sociocognitive impairment might be as frequent as general neurocognitive
impairment [41,94] but may be rather neglected in research and clinical practice so far.
Concerning psychological factors, the reports of depression in patients differed consider-
ably between physicians’ (15%) and brain tumor patients’ (93%) evaluation [137]. This is
probably explained by an overestimation of one’s own symptoms or, on the other hand,
might be due to the missing of psychological symptoms in clinical settings by simple
physician patient interaction. This possibly also applies to psychosocial issues in brain
tumor patients since interpersonal difficulties or withdrawal from social interactions are
often considered normal reactions in brain tumor patients and are thus not addressed
in treatment. As psychosocial burden may interfere with the ability to cope efficiently
with cancer, its physical symptoms and its treatment it is important to shed light on these
issues in clinical interactions and in future clinical studies. Since sociocognitive dysfunction
involves different aspects, which may be impaired independently and also rarely occurs
in isolation, different sociocognitive domains should be addressed [138]. Therefore, the
“gold-standard” should be a full assessment involving at least one measure for each of
the most relevant sociocognitive domains (emotion recognition, empathy, ToM and social
problem solving, both in self-/other report and in terms of a performance-based assess-
ment). In particular, there is a need for including ecologically valid measures describing
real life situations to capture subtle impairments not detected with some of the laboratory
measures [139]. However, since comprehensive neuropsychological assessment is time
consuming it may be difficult to include these testing in the routine care of brain tumor
patients. Therefore, instruments that appear to be most sensitive to sociocognitive deficits,
such as a combination of the RMET and Faux-Pas Task, may be particularly valuable [94].
Furthermore, future studies may implement clinically informed sociocognitive screening
questions for physician patient interactions [126] and validate them against comprehen-
sive sociocognitive testing. Those screening questions may enable clinicians to anticipate
potential sociocognitive dysfunction, raise the awareness to the need of a comprehensive
neuropsychological assessment and guide appropriate diagnostic and treatment. Overall,
future studies should validate brief test batteries assessing sociocognitive functions specif-
ically for the use in brain tumor patients (see Ref. [140] for pointing out the relevance of
making sure that tests are relevant for a particular clinical group).

In the reviewed literature potential negative effects of malignancy and specific brain
tumor locations (i.e., temporal, insular, prefrontal) on sociocognitive abilities were revealed
while supportive social relationships and social group membership may positively influence
sociocognitive functioning. However, the reviewed primary literature on adult brain
tumor patients does not provide clarity on predictive factors for social functioning as
yet. Therefore, relevant factors for psychosocial functioning as identified for adults with
acquired brain injuries of various etiologies [59–61] may also apply to adult brain tumor
patients’ sociocognitive functioning. See Figure 2 for a tentative visualization of potential
parameters that may affect sociocognitive functioning in adult brain tumor patients as well
as potential targets for therapy.
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Figure 2. A tentative visualization of parameters that may influence sociocognitive functioning in
adult patients with brain tumors and potential targets for therapy. Note. Sociocognitive functioning
in brain tumor patients may be negatively affected by the malignancy and location of the tumor
(temporal, prefrontal and insular) as well as by the underlying lesion of the central nervous system.
By contrast, supportive social relationships with family, friends and other caregivers may positively
influence social functioning in brain tumor patients. Since parameters derived from the literature
on adult patients with acquired brain injury [59–61] may tentatively apply to adult brain tumor
patients, intact neurocognition as well as personal resources such as positive problem orientation,
coping resources, behavioral and emotional regulation, meta-cognitive abilities and self-awareness
may positively influence sociocognitive functioning in adult brain tumor patients. By contrast, the
occurrence of mood disorders such as depression and anxiety and neurocognitive dysfunction may
negatively affect sociocognitive functioning. These risk and resiliency factors potentially serve as
targets for interventions.

Overall, the available evidence strongly supports the idea of including assessment
of social cognition and psychosocial burden into the routine neuropsychological exam-
ination in clinical practice and in rehabilitation programs [94,141]. Providing evidence
on the prevalence, nature and extent of sociocognitive dysfunction and psychosocial bur-
den may have the potential to inform and direct clinical practice. By allowing clinicians
to better anticipate the type of psychosocial problems likely to arise after brain tumor
treatment assessment of sociocognitive functioning may lead to more effective supportive
(neuropsychotherapeutic) strategies.

4.3. Limitations of Current Research

Overall, to date sociocognitive functioning and psychosocial burden have neither
been investigated extensively nor systematically in brain tumor patients and the available
data is rather heterogenous preventing a systematic or metanalytic analysis. By the same
token, the present review is hampered by the heterogeneity of included studies regarding
tumor type, tumor location, type of treatment, time of assessment, methodology applied
and the interpretation thereof. Furthermore, there are some shortcomings of the included
previous research rendering it difficult to draw firm conclusions from the results. First, the
majority of studies reviewed included heterogeneous samples of primary and secondary
brain tumors and various entities. Studies with homogeneous samples presented with
rather small sample sizes. In the future, larger and/or more homogeneous samples are
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needed for proper statistical testing and may enable subgroup analyses and/or increase
generalizability. Secondly, most of the studies comparing sociocognitive functioning at
different time points did not extend testing beyond a few (i.e., three or four) months after
surgery [85,97,108] and posttreatment studies had large and variable testing intervals [101].
In studies on psychosocial burden the time intervals are even wider [102,128]. Thirdly, there
are some sociocognitive concepts that have been extensively addressed, such as emotion
recognition, while social problem solving was targeted only in some studies. Therefore,
whether more complex sociocognitive functions such as social problem solving might
be impaired while some more basic functions, such as emotion recognition, show only
transitory effects of oncological treatment represents an issue meriting further research.
In addition, the results of this review may be distorted by the tests administered in the
reviewed studies and the fact that laboratory assessments potentially do not adequately
reflect the complex sociocognitive demands in everyday social life. However, the tests
most frequently applied, such as RMET, Ekman Faces, IRI and Faux-Pas Test provided
good psychometric properties in general [138,142]. Nevertheless, some studies included
non-standardized measures developed for their own purpose leading to varying psycho-
metric properties [61,142]. Fourthly, there is only a limited number of studies specifically
targeting the influence of oncological treatments other than surgery. Although there are
posttreatment studies most of them did not assess treatment related factors, with the ex-
ception of one study, explicitly gauging the influence of radiation [130]. These aspects
require incorporation into future studies to fully understand the impact of each treatment
phase and the impact of radio- and chemotherapy on social cognition and psychosocial
burden. Fifthly, although the studies assumed an influence of impaired sociocognitive
function on QoL, some of these did not explicitly include QoL measures (e.g., Pertz et al.,
2021 [118]). Therefore, the influence on QoL should be targeted with specific instruments
validated in brain tumor patients, potentially at different time points during the treatment.
Furthermore, the assessment of patient reported outcomes (PRO) would have increased
the meaningfulness of some parameters influencing sociocognitive functioning. However,
PRO have not been comprehensively assessed in the primary literature as summarized
in this review. Sixthly, based on the evidence so far it is difficult to separate sociocogni-
tive and neurocognitive disturbances, since they might be interconnected and also share
overlapping neural networks [66,143,144]. Since not all the reviewed studies assessed
neurocognitive functioning comprehensively, it cannot be completely ruled out that the
reported deficits in sociocognitive functioning might be influenced by an underlying deficit
in neurocognitive functioning. However, some studies in other clinical groups found that
although the demands of some social situations predictably involve cognitive abilities such
as planning, monitoring and evaluation, it appears that social-emotional mechanisms may
be affected independently [145–147]. Finally, to date, it is difficult to differentiate which
of the psychosocial symptoms are caused by the neurophysiological effect of the tumor
or treatment and which are the patients’ psychological reactions to the stress caused by
a serious disease. Consequently, in future research these aspects should be addressed
more broadly when addressing sociocognitive functioning and psychosocial burden in
cancer patients.

4.4. Outlook and Future Directions

The findings of this review suggest that more research efforts are needed to address
the specific psychosocial concerns and sociocognitive dysfunction of brain tumor patients.

Symptoms of impaired social cognition and psychosocial burden may not be revealed
in clinical settings by simple physician patient interactions. Similarly as the Mini Mental
State Examination is far too brief and insensitive to capture the subtleties of cognitive
deficits [148], more comprehensive sociocognitive testing is needed to assess relevant diffi-
culties (see Section 4.2). Therefore, the implementation of easily administered, ecologically
valid assessment tools should be introduced in clinical management of brain tumors pa-
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tients. Sociocognitive assessment should be integrated into larger longitudinal projects to
examine its potential to serve as predictor of functional outcomes.

Studies on other tumor entities (i.e., breast and ovarian cancer) reported that the sup-
port of family and friends is vital. People who were socially isolated when diagnosed with
cancer are more likely to die than those with strong social networks. This relationship was
attributed to a lack of access to care, beneficial caregiving from friends or relatives as well
as to the consideration of support activities during adjuvant treatment [149,150]. Especially
for adults of working age, with a partner, children, family and financial responsibilities,
a cancer diagnosis adversely impacts on the person’s life. Therefore, an important aspect
of future research may also be the assessment of sociocognitive functions in patients with
non-central nervous system cancer, especially in those of younger age.

Furthermore, brain tumor patients may benefit from having a single point of contact
during the disease. However, in current daily practice neuro-oncological treatments are
applied by different disciplines and specialists in sequence. Since the psychosocial support
of patients comes up short the installation of a neuro-oncologist as a “patient-guide”
represents a feasible opportunity to support the patients and their caregivers during the
disease course. In the future, interdisciplinary collaborations have the potential not only
to address the physical and cognitive issues of brain tumor patients but also to focus on
emotional and social needs.

Furthermore, it is not only the patients who might show significant burden due to
sociocognitive impairments but also the patients’ caregivers might suffer from decreases in
QoL. A brain tumor diagnosis was explained as a “family disease” that has been found to
result in major changes to relationships and high level of caregiver strain [151–153]. The
support persons may be burdened by changes in relationships or family dynamics and fear
of losing their loved one [154–156]. Furthermore, patients’ impairment in sociocognitive
functioning and an increased psychosocial burden may hinder their social functioning,
potentially contributing to social isolation of both the patients and their caregivers.

Given a link between sociocognitive impairment and well-being treatment of the
respective dysfunction may be of interest. However, literature on sociocognitive treatment
in the brain tumor population is extremely rare. By contrast, a range of studies exist eval-
uating sociocognitive treatments for psychiatric disorders such as schizophrenia, bipolar
and autism spectrum disorders [157]. A recent review on patients with traumatic brain
injury recommend that treatment should include comprehensive programs addressing
the most relevant aspects of social cognition (i.e., emotion recognition, empathy/ToM and
social communication), tailored to each patients’ specific deficits [158]. In addition, direct
interactive treatments, e.g., based on role play techniques, particularly with group therapy
settings, may be beneficial [159]. On the other hand, incorporation of technologically sup-
ported therapeutic elements (e.g., virtual reality based, internet- and app-based programs),
already in use in various psychiatric and neurological populations, might represent an
asset in the treatment of sociocognitive dysfunction in brain tumor patients suffering from
an increased psychosocial burden (see Ref. [140] for cerebrovascular diseases). These thera-
peutic elements provide the opportunity to practice real life-type social scenarios without
the pressure that actual social interactions in real-time entail and still facilitate generaliza-
tion to real-word interactions in later stages. Future research may assess whether these
treatments of sociocognitive dysfunction validated in psychiatric populations [160,161]
or in patients after traumatic brain injuries [162] may be appropriate for brain tumor pa-
tients. Since previous studies demonstrated the helpful influence of psychotherapeutic
interventions [102,114] and one study assessed the impact of a non-specific problem-solving
cancer care education for patients and caregivers [163], future research should address the
applicability of these interventions in brain tumor patients. In addition, certain risk factors
for psychosocial burden or especially vulnerable groups of patients [79,103,121,128] were
identified. Recently, a study indicated that in brain tumor patients who were classified as
distressed a psychological intervention improved well-being while in patients not classi-
fied as distressed no changes were noted [164]. Therefore, treatment programs targeting
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psychosocial burden and sociocognitive dysfunction need to carefully distinguish between
different components of the relevant concepts and need to take into account the specific
characteristics and patterns of impairments of this particular patient group.

5. Conclusions

Brain tumor survivorship has become an increasingly important area of neuro-oncological
care since survival rates are increasing and these patients represent a vulnerable population
with distinct medical, psychosocial, emotional and (socio)cognitive needs. These needs
may potentially change during the course of the disease, negatively impact QoL and add
an additional burden to caregivers and the patients themselves. Although in the reviewed
studies the evidence of the impact of brain tumors and their treatment on sociocognitive
functions and psychosocial burden is inconsistent, the majority of the studies suggest an
increased psychosocial burden in the patients. Furthermore, some studies indicated that so-
ciocognitive functions might be as frequently impaired as classical neurocognitive functions.
Therefore, certain aspects of needs of brain tumor patients and their social environment
may be unmet until now: social cognition and psychosocial burden potentially represent
an overseen area in oncological research so far. Since sociocognitive deficits represent
a potentially modifiable factor [165], social cognition should be assessed more broadly.
There is the need to raise awareness for these sociocognitive difficulties among clinicians,
researchers and patients alongside the more established aspects of neurocognition in order
to improve patients’ and caregivers’ QoL.
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