Journal of Neuro-Oncology (2022) 156:61-71
https://doi.org/10.1007/511060-021-03895-4

TOPIC REVIEW q

Check for
updates

Reforming support systems of newly diagnosed brain cancer patients:
a systematic review

Maria Loizidou'® - Viktoria Sefcikova’ - Justyna O. Ekert? - Matan Bone® - George Samandouras'*

Received: 5 September 2021 / Accepted: 5 November 2021 / Published online: 26 November 2021
© The Author(s) 2021

Abstract

Purpose Despite the increasing incidence of currently incurable brain cancer, limited resources are placed in patients’ sup-
port systems, with reactive utilisation late in the disease course, when physical and psychological symptoms have peaked.
Based on patient-derived data and emphasis on service improvement, this review investigated the structure and efficacy of
the support methods of newly diagnosed brain cancer patients in healthcare systems.

Methods This systematic review was performed following the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis Protocols. Articles from PubMed, Embase, and CENTRAL databases were screened with six pre-established eligi-
bility criteria, including assessment within 6 months from diagnosis of a primary malignant brain tumour. Risk of bias was
evaluated using the Newcastle—Ottawa Scale and Critical Appraisal Skills Program (CASP) Qualitative Studies Checklist.
Results Of 5057 original articles, 14 were eligible for qualitative synthesis. Four studies were cross-sectional and ten were
descriptive. Information given to patients was evaluated in seven studies, communication with patients in nine, and patient
participation in treatment decisions in eight. Risk of bias was low in ten studies, moderate in two, and high in two.
Conclusions Techniques promoting individualised care increased perceived support, despite poor patient-physician com-
munication and complexity of the healthcare system. Extracted data across 14 included studies informed a set of guidelines
and a four-step framework. These can help evaluate and reform healthcare services to better accommodate the supportive
needs of this patient group.

Keywords Diagnosis - Primary malignant brain neoplasms - Primary malignant brain tumours - Psychosocial support
systems

Introduction

Psychosocial support is a critical but occasionally over-
looked domain for cancer patients, particularly at initial dis-
ease stages, with resources focusing primarily on diagnosis
and treatment [1, 2]. The limited survival and impairment of
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motor and cognitive abilities in brain cancer makes psycho-
social support fundamental [3-5]. Incidence of brain cancer
has increased by as much as 39% in the last 30 years [6],
leaving more patients to cope with a life-limiting diagnosis
without comprehensive support.

Psychosocial needs are important throughout the dis-
ease course, yet brain cancer patients tend to seek support
after the accumulation of neuropsychological and physical
symptoms [7, 8] and after their psychological states become
compromised [9-11]. Consequently, without any organised
support, patients succumb to ineffective coping mechanisms
and reduced compliance to treatment [12, 13]. The current
underuse of support services, despite the aforementioned
morbidities [14, 15], implies an underlying deficiency in
healthcare systems requiring urgent attention. Implementing
evidence-based strategies in healthcare systems can maxim-
ise the utilisation and efficacy of support services, reduce
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Fig. 1 Operational definition of patient support systems. Support is
defined as the care offered by healthcare professionals (micro-level)
and by the healthcare system in its entirety and/or in accordance to
specific guidelines with consistency within institutions (macro-level)

psychosocial morbidities, and potentially improve prognosis
[14, 16].

Support for cancer patients is available at two levels:
(i) the macro-level, encompassing support offered by
healthcare organisations, and (ii) the micro-level, refer-
ring to clinician-patient interactions. At the macro-level,
support can be provided in the form of written infor-
mation about the condition, opportunities for patient
involvement in important decisions, and techniques
to facilitate patient-healthcare system communication
[17-19]. Although engagement of patients in treatment
decisions may occur during interactions with their physi-
cians, specific methods for patient involvement are usu-
ally outlined in institution-specific guidelines [20]. At
the micro-level, personalised information is provided,
including external support services (e.g., counselling)
[17, 18, 21]. The interrelation of the two levels is influ-
enced by the treating physicians’ communication style
[22]. Although official guidelines guide physician behav-
iour [23], application of these guidelines is subject to
differences in interpersonal skills, information content,
and delivery, which impacts patients’ adjustment to their
diagnosis [22, 24, 25].

Research has focused on advanced disease stages
[26-28], caregivers [28], palliative care [26, 28], and non-
medical interventions [28]. The current systematic review
is unique in its focus on the psychosocial needs of brain
cancer patients at the diagnostic stage, analysing strate-
gies to improve support during this period on the macro-
and micro-levels. Based on the available evidence, a list
of areas of strength and those requiring improvement has
been extracted and analysed.
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in three distinct domains, as perceived by patients: (a) format and
level of information provided to patients, (b) ongoing communication
with patients, (c) patient participation in treatment

Methods

This systematic review has been conducted following the
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis Protocols (PRISMA-P) [29, 30].

Eligibility criteria

Six inclusion criteria were considered: (i) study type, includ-
ing randomized controlled trials, cohort studies, case—con-
trol studies, cross-sectional studies and qualitative studies,
(ii) primary diagnosis of malignant brain tumour, (iii) evalu-
ation within 6 months of diagnosis or if retrospective, refer-
ring to the diagnostic period, (iv) adult users of healthcare
services (> 16 years old), (v) studies relating to support
as defined by the operational definition (Fig. 1), and (vi)
studies published in peer-reviewed journals, in the English
language. Case reports and cohorts of purely metastatic
malignant brain tumours were excluded. Studies with mixed
cohorts of malignant and non-malignant brain tumours were
included if the former constituted the majority or if separate
analyses were conducted. Patient and caregiver cohorts were
included if extraction of patient data was possible.

Operational definition

The following were considered in the operational defini-
tion for support: (1) NICE guidelines (Quality Standard 15;
quality statements 2, 4, 6) [20, 23], (2) research literature
[17-19, 21, 22, 24], and (3) multidisciplinary input. Support
was defined as the care offered by healthcare professionals
(micro-level) and by the healthcare system in its entirety
and/or in accordance with specific guidelines (macro-level)
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consistent within institutions in the three distinct domains,
as perceived by patients: (a) format and level of informa-
tion provided to patients, (b) ongoing communication with
patients, (c) patient participation in treatment.

Search strategy

PubMed, Embase via Ovid, and CENTRAL databases were
searched for eligible articles. The review period ranged from
November 10, 2020 to December 12, 2020 (see Supplemen-
tary data). Reference lists of included articles were manually
searched to identify additional studies.

Study records data management

Literature search results were imported to EndNote (Clari-
vate, Version X9) for deduplication. Findings were exported
to a Microsoft Excel (Microsoft Office, Version 16.16.27)
spreadsheet for article screening and selection.

Selection process

Articles were screened by title and/or abstract by author ML
based on the eligibility criteria. Potentially relevant articles,
and articles with ambiguous titles and unavailable abstracts,
were retrieved full text. Articles chosen for qualitative syn-
thesis were additionally screened by a second author (MB).
Any disagreement regarding the eligibility of articles was
resolved with consensus.

Data items and outcomes

Extracted citations from all databases were combined on an
Excel spreadsheet, with the following order: author(s), publi-
cation year, title, type of publication, language, and abstract.
The following additional information was extracted from
each included study: sample size, pathology, demographic
information, support level, support type, methods, results,
design, time since diagnosis, other information deemed rel-
evant, and potential biasing factors. Patient responses and
opinions were read by two independent reviewers (ML and
MB) to identify common themes and subthemes, which were
tabulated.

Risk of bias (RoB)

Two independent reviewers (ML and JE) evaluated RoB.
The cohort studies section of Newcastle-Ottawa Scale
(NOS) [31] was used for quantitative, non-randomised
studies (Table 1) which were allocated a score (0-9); those
with a score equal or greater to six were judged as high-
quality [32]. The Critical Appraisal Skills Program (CASP)

Table 1 Risk of bias (RoB) for quantitative, non-randomised studies
evaluated with the Newcastle—Ottawa Scale (NOS)

Study Selection Comparability Outcome
0-3) 0-2) (0-3)

Diaz (2009) * * 0

Langbecker (2016) 1. 8.8. 8.4 * *

Lucchiari (2010) 0 * * *

Philip (2018) * % Kk * *

A greater number of stars indicates greater study quality for each
domain (selection, comparability, outcome)

Qualitative Studies Checklist [33] was used for qualitative
studies (Figs. 2 and Supplementary Fig. S1).

Results

The search, performed on November 10th 2020, resulted in
1323 articles on PubMed, 3417 on Embase (via Ovid) and 845
on CENTRAL. One article was found via reference-list search.
Following deduplication, 5057 articles remained and were
screened based on title and/or abstract. A total of 392 articles
were retrieved for full-text review, with 14 deemed eligible.
Due to the heterogeneity of study designs and their predomi-
nantly qualitative nature, a qualitative analysis was applied in
this systematic review. The process is summarised in Fig. 3.

Characteristics of included studies

Five studies were conducted in Australia, one in North America
(Canada), and eight in Europe (United Kingdom, Sweden, Den-
mark, Netherlands, Italy, and Spain). Four studies were surveys,
eight were semi-structured interviews, and two were conversa-
tional interviews. Included studies were categorised according to
the assessed component of support: (a) format and level of infor-
mation provided to patients was discussed in seven studies, (b)
ongoing communication with patients in eight, and (c) patient
participation in treatment also in eight studies. A summary of
individual studies is provided (see Supplementary Table 1).

Patient age, sex, and pathology were reported across all
studies, with additional demographics reported based on the
experimental question. Patients across 14 included studies
were diagnosed with malignant glioma. Histopathology and
WHO grade were reported in seven studies and included: astro-
cytoma grade III to IV (N=18) [34-36], anaplastic astrocy-
toma grade III (N=29) [36, 37], anaplastic gemistocytic astro-
cytoma grade III (N=1) [35], glioblastoma grade IV (N=157)
[5, 14, 35-38]. Sample sizes ranged from 5 to 39 and 26 to
84 participants for qualitative and quantitative studies, respec-
tively. Sample size was driven by data saturation in qualitative
studies, and statistical power in quantitative analyses.
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Fig.2 Risk of bias (RoB) in
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Findings are discussed according to support type: (a)
format and level of information provided to patients, (b)
ongoing communication with patients, and (c) patient par-
ticipation in treatment, and according to the macro- and
micro-levels for each support type. Factors that increased
or decreased perceived support were tabulated (Table 2).
RoB was high for two quantitative studies [37, 39], moderate
for two qualitative studies [34, 40], and low for the remain-
ing ten studies [5, 14, 15, 35, 36, 38, 41-44].

Format and level of information provided
to patients

Five studies discussed the provision of information on the
macro-level [14, 35, 36, 39, 42] and five on the micro-level
[35, 39-42].

Macro-level

Providing personalised resource folders immediately after
diagnosis, significantly reduced (P=0.001) 32 patients’
information needs after completion of radiotherapy [36].
However, mere awareness of the healthcare professionals
(e.g., physiotherapist) patients can access, did not signifi-
cantly reduce their information needs [14], indicating that
professional guidance to utilise services is critical.
Cancer-related problems and indifference to seek addi-
tional information can create information gaps [35]. Informa-
tion mediums need to cater to patients’ cancer-related defi-
cits. Data from 19 patient interviews indicate a preference for
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written material in those unable to retain verbal information
due to cancer-related memory problems [42]. Further, evalu-
ation of 26 patients showed that those younger than 65 years
tended to request additional information about their condi-
tion, contrary to older participants [39].

Micro-level

The treating physician is key in evaluating patients’ pref-
erences relative to information parameters, including: (i)
preferred level of detail [39], (ii) information format or
medium (e.g., verbal or written) [42], (iii) timing [42],
and (iv) framing (e.g., positively framed or neutral) [35].
Semi-structured interviews of 19 patients showed that
poor understanding of medical terms (e.g., “glioma”),
inadequate information about operation details and dissat-
isfaction with the use of broad terms (e.g., “slow tumour
progression”), exacerbated their anxiety by impairing their
comprehension [40]. Conversely, in semi-structured inter-
views of two independent patient cohorts, physicians’ will-
ingness to answer questions improved perceived quality of
care [41, 42].

Ongoing communication with patients
Communication with patients was addressed in nine studies,

with three referring to the macro-level [14, 34, 36] and six
to the micro-level [15, 35, 38, 41, 43, 44].
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Table 2 Guidelines based on evidence from extracted data indicating factors that increase or decrease patients’ perceptions of support

Factor effect

Support level Factor

*N/n

Study First Author

Increased perceived support

Decreased perceived support Macro

Macro

Micro

Micro

Assigned care-coordinator to help with aspects of care (link between  40/24

patient and healthcare system) 32/32
32/16
Resource folder with general and personalised information (illness, 40/24
symptoms, treatment, contact details) 32/32
Tumour visualisation with personalised 3D models 11/10
Brief process of clinical investigation before diagnosis 5/5
Visits to radiotherapy department and information about procedure 8/3
and treatment side-effects
Physician willingness to answer questions 30/25
19/19
Assessment of individual information needs/ preferences (e.g., 19/19
medium, detail, framing, timing, etc.) 40/19

Physician’s encouragement to expand on symptoms/ observed changes 39/29

Physician booking/ encouraging patient to book next appointment 39/29
Healthcare team discussing potential of postoperative complications 30/25
Physician reputation (online/ by other professionals, patients) 30/25
Friendly, honest, direct physician 30/25

Ensuring the highest quality of care, despite terminal nature of disease 40/19

Positively phrased prognosis (e.g., “you have six months left, not two, 40/19

but six”)

Too much or too little involvement in treatment decision-making 84/84

19/19

Long waiting time for an appointment, in-between appointments, or 39/39

slow referrals

39/29

Poor continuity of care (e.g., patient has to repeat medical history to 39/39

each new physician) 19/19
Unavailability of preferred physician 39/39
Short appointments 39/29

Barriers to accessing professional support services (e.g., cost, complex 19/10

paperwork)
Gaps between diagnosis and operation (>3 weeks) 8/3
Disagreement between patient and physician on what comprises a 39/29
symptom
Before diagnosis; physician not eager to investigate cause of symp- 39/29
toms further
Negatively phrased prognosis (e.g., “said there was no hope”) 40/19
Delivering diagnosis and prognosis right after surgery 19/19

Poor awareness of cancer-related symptoms that can be improved with  19/10

professional help

Lack of information about the operation process 8/3

Receiving broad information (e.g., quantify slow progression) 8/3

Use of terminology during consultation (e.g., ‘glioma’, ‘malignant’, 8/3
etc.)

Langbecker [14]
Philip [36]
Spetz [34]
Langbecker [14]
Philip [36]

Van de Belt [43]
Fahrenholtz [44]
Wideheim [40]

Bernstein [41]
Halkett [42]
Halkett [42]
Lobb [35]
‘Walter [38]
‘Walter [38]
Bernstein [41]
Bernstein [41]
Bernstein [41]
Lobb [35]
Lobb [35]

Lucchiari [37]
Halkett [42]
Scott [5]

Walter [38]
Scott [5]
Halkett [42]
Scott [5]

Walter [38]
Langbecker [15]

Wideheim [40]
Walter [38]

Walter [38]

Lobb [35]
Halkett [42]
Langbecker [15]

Wideheim [40]
Wideheim [40]
Wideheim [40]

Factors are listed in descending order, according to the number of participants with malignant brain tumours within each level (Macro/Micro).
*N/n=Total number of participants/ number of participants with malignant brain tumours

Macro-level

At the macro-level, specialist nurses (SN) or care coordina-
tors [14, 34, 36], provided practical advice, support, and

@ Springer

served as first points of contact [34]. However, even when
utilised at the diagnostic stage, these services failed to sig-
nificantly reduce (P=0.557) patients’ supportive needs by

completion of radiotherapy [36].



Journal of Neuro-Oncology (2022) 156:61-71

67

Micro-level

Reluctance to utilise support services despite good self-
reported awareness may be attributable to lack of knowl-
edge on whether experienced symptoms were cancer-related
[15], emphasising the value of physician communication.
The time-consuming paperwork, additional financial bur-
den, or inconvenient location further discouraged people
from accessing professional support services [15]. Indeed,
accessibility and awareness of potential benefits determines
utilisation of services according to patient reports [44].

Five studies explored patient-physician communica-
tion and perceived support [35, 38, 41, 43, 44]. Honesty
of healthcare staff increased perceptions of trust, despite
the possibility of intraoperative complications, in a sample
of 25 patients [41]. Likewise, maintaining realistic hope
(e.g., “you have six months left, not two, but six”’), denoted
care would not be downgraded despite an incurable disease
[35]. In a cohort of 19 patients and 21 caregivers only two
had a positive experience with physician communication,
with lack of empathy and compassion reported as critiques
[35].

Patients valued physicians’ encouragement to discuss
any observed changes and reassurance on the validity of
symptoms, particularly when uncertain of which symptoms
were worth disclosing [38]. Indifference of physicians to
investigate symptoms further created dissatisfaction, lead-
ing patients to downplay their symptoms [38], whereas a
friendly physician—patient relationship created strong rap-
port [44]. Physical aids to visualise the tumour and adja-
cent areas (e.g., three-dimensional, 3D, printed brains) can
improve physician—patient communication without altering
physicians’ communication style [43].

Patient participation in treatment

Patient participation in treatment was examined in eight
studies and was only apprehended on the macro-level [5,
37, 38, 40-44].

Macro-level

Prognostic uncertainty and treatment side-effects were dis-
cussed as factors associated with increased anxiety in 19
patient interviews [42]. Thus, opportunities to receive accu-
rate information about treatment procedures, such as through
visits to the radiotherapy department, can be helpful [40].
Ten patients had personalised 3D brain models printed,
which were used during consultations, facilitating treat-
ment decisions with three additional reported benefits: (a)
improved perceived comprehension and recall of their con-
dition and surgical complications, (b) better coping, and
(c) improved perceived physician—patient communication

[43]. Nevertheless, personal preferences with regards to
the degree of patient participation and 3D model visualisa-
tion of their condition were not unanimously positive with
four patients reporting a negative effect [43]. Indeed, in
quantitative assessment of the information management
needs and treatment decisions of 84 patients, only 27
(32.14%) were satisfied with the received information and
subsequently their treatment decision, while 29 (34.5%)
were dissatisfied [37].

Participation in treatment extends to physician choice
[5, 41] and physician reputation can increase patients’
trust and confidence [41]. However, qualitative reports of
two independent samples of 39 and 29 patients, respec-
tively, indicated long waiting times for appointments with
patient-chosen physicians, preventing access to timely care
[5, 38]. When physician choice was not feasible, patients
reported poor continuity of care [5, 42]. Consequently,
patients access emergency care [5, 38], with 27 patients
reporting doing so, out of a cohort of 39 [5].

Likewise, slow inter-specialist referrals and brief con-
sultations discouraged people from actively engaging with
their treatment in a cohort of 29 patients [38]. Similarly,
while extensive gaps between imaging and surgery intensi-
fied anxiety [40], brief clinical investigations before sur-
gery promoted coping [44].

Discussion

Existing literature, including four previous reviews on sup-
port systems of brain tumour patients, have only focused
on palliative care [26, 28], interventions [45], telemedi-
cine [46], non-medical therapies [28], and caregivers [28].
The current systematic review examined patient support
services in the acute diagnostic period based on qualita-
tive analysis of 14 studies, classified into three support
domains: (1) format and level of information provided
to patients [14, 35, 36, 39-42], (2) ongoing communi-
cation with patients [14, 15, 34, 35, 38, 41, 43, 44, 47]
and (3) patient participation in treatment [5, 38, 40—44].
Four studies were cross-sectional and ten were descrip-
tive. RoB was evaluated using the NOS and the CASP
Qualitative Studies Checklist and was low in ten studies
[5, 14, 15, 35, 36, 38, 41-44], moderate in two [34, 40],
and high in two [37, 39]. Qualitative synthesis indicated
that individualised care increased patients’ perceptions of
support, contrary to poor patient-physician communication
and complexity of the healthcare system. Extracted data
were compiled as a list of guidelines (Table 2) that can
apply to different healthcare systems with several factors
emerging regarding the unmet supportive needs of brain
tumour patients.

@ Springer
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Format and level of information provided
to patients

At the macro-level, minimum information requirements
include data about the condition, symptoms, and treat-
ment options [14, 36] and our findings consistently
reveal the need for individualised information [35, 39,
42]. Ideally, preferences and needs should be identified
directly during physician—patient communication [37,
39, 42]. Evidence indicates that before a brain tumour
diagnosis 24.9% of patients present with mental sta-
tus changes [48], and therefore delivery of information
should be adapted to individual cancer-related difficul-
ties (e.g., memory impairment) [42]. Common demo-
graphic parameters such as age [39] or marital status can
be influencing factors and hence should also be assessed,
since information needs are significantly higher for can-
cer patients living alone, than with a partner (P =0.02)
[49]. Accommodating for patients’ circumstances when
delivering information can improve comprehension and
retention.

Ongoing communication with patients

SN services promote patient-healthcare system communi-
cation [34, 36]. Qualitative evidence demonstrates these
services assist with both medical and non-medical can-
cer-related difficulties [34], yet fail to significantly reduce
patients’ needs quantitatively [36]. However, these data
should be interpreted with caution as further research
is needed. The wide scope of support offered by SN ser-
vices is unlikely to be captured by a single quantitative
measure.

Data showed patients have good awareness of avail-
able support services, yet are unable to distinguish purely
psychological from tumour-related symptoms [15]. There-
fore, patients may decline professional help due to false
assumptions regarding which symptoms can or cannot be
improved [15]. Physicians can refer patients to appropriate
services, with future research considering interventions
to promote engagement, considering the high prevalence
of psychological disorders among brain cancer patients
[50]. On the macro-level, question-prompt lists have
been shown to increase patient participation, encouraging
significantly more targeted questions during consultations
(P=0.048) compared to controls [51].

Satisfaction with physicians’ communication style can
increase engagement [38] and confidence in the competency
of the healthcare team [41]. Indeed, physicians’ scores on
empathy and attentiveness significantly (P <0.01) correlated
with patient satisfaction in a cohort of 500 oncology patients
[52]. Alternatively, use of aids (e.g., 3D-printed brains) can
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facilitate communication without requiring adaptations of
the physician’s communication style [43].

Patient participation in treatment

Quantitative data illustrated patients’ dissatisfaction with
their degree of involvement in therapeutic decisions [37].
Consistently, a multicentre study on 480 breast cancer
patients, showed 44% preferred physician-directed deci-
sions, while 45% favoured a shared-decision approach [53].
Consultation length (median time 30 min) was a significant
predictor (P =0.02) of satisfaction, demonstrating the impor-
tance of physician communication in all aspects of care [53].
In malignant brain tumour cohorts, the uncertain nature of
the disease reportedly increased treatment decision-making
burden [42], suggesting that individual diagnoses may also
be a critical variable. Further, higher patient age concurred
with preferences for decreased involvement in care [54],
with ethnicity and language presenting additional barriers
to patient involvement [55].

Reforming of services

This systematic review is based on studies from eight dif-
ferent healthcare systems. Despite the underlying diversity,
extracted data (Table 2) may apply to various services treat-
ing patients with malignant brain tumours. Different health-
care systems can select and adapt factors accordingly.
According to the NHS Long Term Plan and the NHS
Model of Personalised Care, cancer patients should receive
holistic needs assessment, personalised information, and
access to support services [56]. Based on our findings, the
following four-step plan can be further implemented to max-
imise support. First, sociodemographic information could
identify patients needing specific support services or adjust-
ments, such as financial aid. Second, routine patient satis-
faction surveys at the acute diagnostic period could identify
gaps in patient-physician communication, which can then be
addressed in targeted communication skills training offered
to healthcare staff. Lastly, voluntary seminars on the range
of available support services could be offered to patients.

Limitations

Sample sizes were small across all included studies in keep-
ing with the low incidence of malignant brain tumours and
investigation of an overlooked subject (i.e., patient support
systems) [57]. Our stringent criteria concerning the short
period between diagnosis and assessment limited the number
of available studies, although minimised survivor bias. Fur-
ther, only four quantitative studies were eligible, restricting
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investigation of our topic using numerical assessments.
Although qualitative analyses allowed for the extraction of
data rich in patient insight, the exact number of participants
reporting a particular experience was not routinely reported.
Further, qualitative data are often subject to researcher bias;
to overcome this, direct quotes were analysed where possi-
ble. Recall bias due to cancer-related memory impairments
was considered likely in two retrospective studies [35, 42].
Lastly, analysed data reflect the experiences of malignant
brain tumour patients, which might differ from other cohorts.

Conclusion

Establishing a support system for brain cancer patients
within the first few months of diagnosis is critical in max-
imising care quality. This systematic review analyses current
support systems while providing: (i) an evidence-based list
of factors needing improvement and (ii) a four-step recom-
mendation plan for healthcare services. The evidence-based
factors aim to guide revisions of existing support systems for
patients with malignant brain tumours.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11060-021-03895-4.
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