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Abstract

Purpose Low-grade glioma (LGG) patients may face health-related quality-of-life (HRQoL) impairments, due to the tumour,
treatment and associated side-effects and prospects of progression. We systematically identified quantitative studies assessing
HRQoL in adult LGG patients, for: aspects of HRQoL impacted; comparisons with non-cancer controls (NCC) and other
groups; temporal trends; and factors associated with HRQoL.

Methods MEDLINE, CINAHL, Embase, PubMed, and PsycINFO were systematically searched from inception to 14th
September 2021. Following independent screening of titles and abstracts and full-texts, population and study characteris-
tics, and HRQoL findings were abstracted from eligible papers, and quality appraised. Narrative synthesis was conducted.

Results Twenty-nine papers reporting 22 studies (cross-sectional, n=13; longitudinal, n =9) were identified. Papers were
largely good quality, though many excluded patients with cognitive and communication impairments. Comparators included
high-grade gliomas (HGG) (n="7); NCCs (n=6) and other patient groups (n=23). Nineteen factors, primarily treatment
(n=38), were examined for association with HRQoL. There was substantial heterogeneity in HRQoL instruments used, fac-
tors and aspects of HRQoL assessed and measurement timepoints. HRQoL, primarily cognitive functioning and fatigue, in
adult LGG patients is poor, and worse than in NCCs, though better than in HGG patients. Over time, HRQoL remained low,
but stable. Epilepsy/seizure burden was most consistently associated with worse HRQoL.

Conclusion LGG patients experience wide-ranging HRQoL impairments. HRQoL in those with cognitive and communica-
tion impairments requires further investigation. These findings may help clinicians recognise current supportive care needs
and inform types and timings of support needed, as well as inform future interventions.

Keywords Low-grade glioma - Health-related quality-of-life - Survivorship

Plain English Summary

Low-grade gliomas are brain tumours most commonly
diagnosed in working-aged adults. Brain tumour patients
can experience numerous symptoms, such as communi-
cation impairment and mobility issues, which can impact
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their quality of life. Patients with low-grade gliomas have a
longer life expectancy than patients with other, high-grade
brain tumours, though they are rarely cured. Therefore, it is
important to understand how their quality of life is impacted
in the extended periods living with a low-grade glioma. We
looked at which aspects of health-related quality of life
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were impacted; how health-related quality of life compared
with other patient populations; whether health-related qual-
ity of life changed over time; and whether any factors (e.g.
age) influenced health-related quality of life. We found that
low-grade glioma patients experience wide-ranging health-
related quality of life impairments, particularly fatigue
and cognitive impairment, that remains poor, but does not
change much over time. Though better than in high-grade
gliomas, health-related quality of life was worse than in
people without cancer and was influenced by several fac-
tors, most frequently seizures. This means low-grade glioma
patients may live for long periods with poor health-related
quality of life. Our findings may help clinicians recognise
what these patients’ supportive care needs are, and what
support is needed.

Introduction

Worldwide, in 2020, there were approximately 300,000 new
brain and central nervous system tumours diagnosed [1].
Gliomas — which may be high- or low-grade—are the most
common malignant tumour of the brain [2]. Low-grade glio-
mas (LGG) account for approximately 15% of all gliomas,
with an incidence rate of around 1/100,000; they are mostly
diagnosed in adults in their 30 s and 40 s [3]. Depending on
the subtype, life expectancy of LGG patients is limited to
about 5-15 years [3, 4]. However, LGGs are rarely cured,
and typically recur or progress to a high-grade glioma
(HGG) [5]. Thus, LGG patients may live for extended peri-
ods with a ‘terminal’ condition.

Health-related quality-of-life (HRQoL) is a multidi-
mensional construct that comprises the ability to perform
everyday activities, as well as patient satisfaction with lev-
els of functioning and disease control [6]. Brain tumour
patients can experience an array of symptoms, often occur-
ring in clusters and deteriorating as the disease progresses
[7]. These include general cancer-related symptoms (e.g.
fatigue, pain), and tumour-specific symptoms (e.g. cogni-
tive limitations, seizures, speech, language, and communica-
tion impairments, personality changes and mobility issues)
[8—10]. These symptoms can contribute to changes in social
roles, daily functioning, and loss of independence, which
adversely impact physical and psychosocial HRQoL [10,
11].

Studies suggest there are numerous factors (e.g. age,
tumour location, and time since diagnosis), that could influ-
ence brain tumour patients’ HRQoL [12]. Gaining a com-
prehensive understanding, from across the literature of how
these factors are associated with HRQoL and how HRQoL
changes over time, may help to ascertain in whom, what,
and when, support is necessary and identify target areas for
future interventions.
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It is, however, difficult to distinguish the extent these
problems are experienced by LGG patients. One issue is
sample heterogeneity; studies often group patients with
LGGs, HGGs, and other primary brain tumours [13-15].
This limits our understanding of the HRQoL impact of liv-
ing long-term with a tumour that is still likely to progress.
Further, much of the evidence comes from treatment tri-
als. Trial populations are often highly selected and have
a lower risk profile than ‘real-world’ patient populations
[16]. Treatment modalities (e.g. surgery, radiotherapy, and
chemotherapy) have been associated with HRQoL in LGG
patients [17—-19]. Thus, HRQoL impairments may be due to
the tumour or its treatment. Consequently, there is a need
to better understand the ‘real world’ impact of an LGG on
HRQoL, outwith the trial context.

We, therefore, conducted a systematic review to examine
how HRQoL is impacted in adults with an LGG, by estab-
lishing: (1) which aspects of HRQoL are impacted; (2) how
HRQoL compares with other populations; (3) temporal
trends in HRQoL; and (4) factors associated with HRQoL.
Our secondary aims were to assess quality of, and identify
gaps or limitations in, the available evidence.

Methods

This systematic review was registered with the Prospec-
tive Register for Systematic Reviews (PROSPERO)
(CRD42021231368) and conducted and reported in accord-
ance with the Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA) guidelines [20].

Definition

For the purposes of this review, we defined HRQoL as “the
subjective perceptions of the positive and negative aspects
of cancer patients’ symptoms, including physical, emo-
tional, social, and cognitive functions and, importantly,
disease symptoms and side effects of treatment.”[21] Here-
after, ‘global HRQoL’ indicates total scores, while ‘specific
(aspects of) HRQoL’ indicates functioning and symptoms.

Eligibility criteria

A paper was eligible if: (1) it was a primary, peer-reviewed
research article, available in English; (2) participants were
adults (> 18-years old), diagnosed with an LGG; (3) data
were from an observational study conducted in a ‘real-
world’ setting (i.e. in routine practice, outwith the clinical
trial context); (4) an instrument was used to quantitatively
assess HRQoL, with evidence of content validity or other
psychometric properties. Papers which focused on a single
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issue (e.g. psychological wellbeing) were eligible if the issue
was framed, in the paper, as an aspect of HRQoL.

A paper was excluded if: (1) the sample was heterogenous
(e.g. included HGGs) and LGGs were not a distinct group;
(2) the HRQoL findings were not reported; (3) participants
were adult survivors of childhood diagnoses (< 18-years);
or (4) data were from a trial directly investigating specific
treatments (e.g. impact of radiotherapy).

Search strategy

On 10th December 2020, we searched five electronic data-
bases from inception: MEDLINE, Embase, PsycINFO,
CINAHL, and PubMed. The search strategy concerned
two key concepts: LGG and HRQoL. Assisted by a Senior
Library Assistant, a combination of Medical Subject Head-
ings and keywords were formulated, informed by the litera-
ture (Supplementary Table S1). LGG was searched using
general terms and specific tumours, in line with the 2016
WHO classification of tumours of the central nervous system
[22]. The 2021 WHO classification update [23] succeeded
initial database searches, though our search strategy still
encompassed LGGs, as they are now classified. HRQoL was
searched using general terms and terms for HRQoL instru-
ments that were previously reported to have been used in
brain tumour patients [24] (although studies did not have
to have used these instruments to be eligible). The search
strategy was adapted accordingly for each database (Sup-
plementary Table S2).

Reference lists and forward citations of eligible papers
and relevant reviews were hand-searched to identify addi-
tional papers not retrieved through the database searches.
The search was updated on 14th September 2021.

Paper selection

Once duplicates were removed, B.R and I.B independently
screened titles and abstracts, followed by full texts of papers
considered potentially eligible by either reviewer. The pro-
cess was blinded until both reviewers completed each stage
of screening. Discrepancies at paper selection were resolved
through discussion with co-authors (L.D and L.S).

Data extraction and quality appraisal

Data extraction was conducted and cross-checked (shared
between B.R and I.B), using a structured form. The following
data were extracted: general: name of first author, year pub-
lished, country; study population: eligible population, sample
size, participant characteristics, namely, age, sex, ethnicity,

socio-economic status (SES), Karnofsky performance status
(KPS), tumour type and location, genetic markers, treatment,
time since diagnosis/treatment; study design: design, com-
parator/control populations, HRQoL measurement timepoints,
HRQoL instrument(s) used and specific aspects of HRQoL
assessed, clinical and epidemiological factors examined for
association with HRQoL; findings: global HRQoL, specific
HRQoL, HRQoL in comparators/controls, HRQoL over time
(e.g. mean scores), and factors associated with HRQoL (e.g.
correlation coefficients).

If more than one paper reported the same sample, then
characteristics and findings were pooled as one study. Cor-
responding authors were contacted to request relevant missing
information. No reply within three weeks meant data extrac-
tion decisions were informed by the available published mate-
rial. Discrepancies at data extraction were resolved through
discussion between co-authors (B.R and I.B).

Included papers were quality appraised and cross-checked
(shared between B.R and 1.B), using the 12-item critical
appraisal checklist, established by Dunne et al. [25] in a pre-
vious systematic review on quality-of-life in cancer survivors.
Items included ‘main features of population/design described’
and ‘measures relevant, validated, and described adequately’.
Each item was scored 0 (no), 1 (partial) or 2 (yes). Potential
scores ranged from 0-24, with 0-8 indicating ‘low quality’,
9-16 ‘acceptable quality’, and 17-24 ‘good quality’.

Data synthesis and analysis

Eligible studies were included in a narrative synthesis [26].
This was structured around the study population, design, qual-
ity appraisal, and HRQoL assessment, namely: global and spe-
cific HRQoL, population comparisons, temporal trends, and
associated factors. Aspects of HRQoL which are included in
the relevant instrument(s), but which were not reported by
authors, were abstracted as ‘not reported’.

To interpret HRQoL, we used previously reported refer-
ence values; these were available for EORTC QLQ-C30 [27],
EQ-5D [28], and FACT-G [29]. Otherwise, judgements were
based on interpretations of the original authors; here, to ensure
consistency, a value interpreted as ‘poor’ in one study, was
considered ‘poor’ across all other studies which used the
same instrument (there were no instances of different inter-
pretations for values by authors of the papers). To synthesise
the interpreted values for specific aspects of HRQoL, studies
were grouped when different studies/instruments reported a
dimension with the same (e.g. fatigue) or similar label (e.g.
emotional wellbeing/functioning). In the synthesis, papers
were “weighted” equally irrespective of the quality appraisal
results.
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Results
Search results

Database searches identified 3295 papers, with 2037 remain-
ing following deduplication. Full texts of 132 papers were
assessed for eligibility, with 26 papers deemed eligible.
Hand searches identified three additional papers. Twenty-
nine papers reporting on 22 studies were included [12,
30-57] (Fig. 1).

Study population

Studies were conducted across 13 countries: three each in
the Netherlands [12, 30-32, 44, 48] and USA [33, 36, 37,
39], two each in China [42, 54-56], Italy [35, 45], India [34,
46], Japan [47, 53], and Norway [38, 41], and one each in
Australia [52], Finland [50, 51], Germany [49], South Korea
[43], Sweden [40], and Turkey [57] (Table 1; Supplementary
Table S3). Sample size ranged from 15 to 260. Mean age
was typically late 30 s and 40 s. Sex ranged from 24 to 73%
female. Only Affronti et al. [33] reported ethnicity, for a
predominantly white (93%) sample. Eleven studies reported

Identification of papers via databases

SES [12, 35, 36, 39, 42, 44, 45, 48, 49, 54, 57] assessed
through education, employment, or insurance status. Nine
studies reported KPS [12, 33, 38, 41, 47-49, 54, 57]; scores
ranged 60—100, but were mostly > 80.

Tumour details included: grade (n=35 studies) [31, 43,
52,54, 57]; type (n=12) [31, 33, 36, 40-42, 44, 45,47, 49,
52, 53], predominantly astrocytoma, oligodendroglioma, and
oligoastrocytoma; laterality (n=13) [31, 33, 35, 36, 38, 39,
42,44, 45, 49, 52, 54, 57]; and location (n=12) [31, 33,
35, 36, 39, 42, 44, 45, 47-49, 57], largely frontal lobe. Four
studies reported genetic markers [33, 42, 45, 53]. Sixteen
studies reported treatment [12, 33, 35, 36, 38, 4042, 44, 45,
47, 48, 50, 52, 54, 57], including chemotherapy, radiother-
apy, and extent of surgical resection. Time since diagnosis/
treatment at which HRQoL was assessed ranged from point
of diagnosis to 20-years since treatment. Heterogeneity was
common within studies; e.g. participants in Correa et al. [36]
ranged from six- to 118-months (9.83 years) since treatment.

Study design
Thirteen studies were cross-sectional [34, 35, 39-44, 4649,

53] and nine longitudinal [31, 33, 37, 38, 45, 51, 52, 54, 571,
assessing HRQoL at several (albeit varied) timepoints (Table

Identification of papers via other methods

A 4

Papers not retrieved:
(n=0)

Papers assessed for eligibility: Papers excluded:

A4

E Papers identified from: Papers removed before
‘5 MEDLINE (n=450); Embase s‘cfeenin . Papers identified from:
%‘ (n=1243); PsycINFO (n=41); — bu licatg apers removed Forward and backward
g CINAHL (n=434); PubMed (n:pl 260) pap citation searching (n=3)
= (n=1129)
Papers screened: »| Papers excluded:
(n=2037) (n=1905)
Papers sought for retrieval: o| Papers not retrieved: Papers sought for retrieval:
=) (n=132) | =0y (n=3)
=
X
3 | l
é
Papers excluded:
Papers assessed for eligibility: > Paper was not a primary research article
(n=132) (n=36); Paper investigated the effects of (n=3) (n=0)
a particular treatment (n=29); Sample
heterogeneity without distinct groups
(n=21); Health-related quality-of-life
was not quantitatively assessed (n=15);
Low-grade gliomas not included in the
\4 study population (n=4),; Qualitative
research with no quantitative aspect
= . . .
2 Papers included in review:
= (n=29 papers reporting on 22 <
E studies)

Fig. 1 PRISMA flow diagram of paper selection for quantitative studies that assessed health-related quality-of-life in low-grade glioma patients
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2). Thirteen studies included a comparator and/or control
group, comprising: HGG patients (n="7) [34, 38, 39, 43, 45,
46, 53], non-cancer controls (NCC) (n=6) [12, 35, 44, 48,
49, 52], or benign brain tumour [34], suspected LGG [48],
or non-Hodgkin’s lymphoma (NHL)/chronic lymphocytic
leukaemia (CLL) patients [12].

Thirteen different general, cancer-related, brain tumour-
specific, or unidimensional HRQoL instruments were
used, predominantly: EORTC QLQ-BN20 (n=8) [12, 34,
41, 46-48, 53, 57], EORTC QLQ-C30 (n=28) [34, 40, 41,
46, 47, 52, 53, 57], SF-36 (n=06) [12, 42, 44, 45, 48, 49],
FACT-Br (n=3) [33, 36, 54], and EQ-5D (n=2) [38, 41].
Eleven studies used multiple HRQoL instruments [12,
33-35, 39, 41, 4648, 50, 53, 57], often combining general
(e.g. SF-36) or cancer-related (e.g. QLQ-C30), with brain
tumour-specific (e.g. QLQ-BN20) instruments. The HRQoL
instruments used, specific dimensions assessed by each, and
their scoring, is detailed in Supplementary Table S4. Four-
teen studies assessed global HRQoL [33, 34, 36, 38, 40,
41, 43, 46, 47, 51-54, 57] with one of the six instruments
(e.g. FACT-G) with a possible global HRQoL score. Once
grouped, frequently assessed HRQoL dimensions included:
physical (n=19 studies) [12, 33, 34, 36, 39-49, 52-54, 57],
social (n=18) [12, 33, 34, 36, 40-49, 52-54, 57], emotional
(n=13) [33, 34, 36, 39-41, 43, 46, 47, 52-54, 57], and cog-
nitive functioning (n=10) [33, 39-41, 46, 47, 52, 53, 57], as
well as pain (n=17) [12, 34, 3842, 44-50, 52, 53, 57], and
fatigue (n=10) [33, 34, 39-41, 46, 47, 52, 53, 57].

Quality appraisal

Quality appraisal scores ranged from 15 to 21 of a possible
24, with 20 papers considered ‘good quality’ [12, 30-32,
35, 38-47, 49, 53-56] and nine ‘acceptable quality’ [33, 34,
36, 37, 48, 50-52, 57] (Table 2; Supplementary Table S5).
Aaronson et al. [12], Boele et al. [31], Drewes et al. [38], and
Wang et al. [54] were the highest quality papers, each scor-
ing 21. Primary reasons for lower scores included: failure
to clearly document participant eligibility and recruitment
(e.g. 11 papers (eight studies) excluded cognitively and/or
communication impaired patients without detailing how this
was determined) [12, 30-32, 38, 40, 42, 44, 46, 53, 57]; and
lack of a control and/or comparator group.

Health-related quality-of-life findings
Health-related quality-of-life

The dimensions measured and how scores are determined
across the 11 multidimensional and two unidimensional
HRQoL instruments reported in the studies is quite differ-
ent (Table 2; Supplementary Table S4). HRQoL values were
not reported for all potential instrument dimensions in 13

studies [34-36, 41-46, 48-50, 52]; below, the denominator
is the number of studies that reported a value for a specific
dimension.

Global HRQoL

Thirteen (of 14) studies reported poor global HRQoL in
LGG patients (i.e. QLQ-C30 score 61.9-74) [33, 34, 36, 38,
40, 41, 43, 46, 47, 52-54, 57] that was significantly worse
than in NCCs (n=1 of one) [52], though significantly better
than in HGG patients (n =4 of five) [34, 38, 43, 46] (Table 3;
Supplementary data).

Specific HRQoL - functioning

Seventeen studies reported values for functioning aspects of
HRQoL in LGG patients [12, 33, 34, 39-42, 44-49, 52-54,
57]. Poor functioning was reported across numerous HRQoL
aspects. Cognitive functioning was poor in seven (of 10)
studies [33, 34, 39-41, 52, 57], and significantly worse than
NCCs in one (of one) of these [52]. Poor emotional func-
tioning was reported in five (of 11) studies [33, 34, 40, 52,
54] and was significantly worse than NCCs in one (of one)
of these [52]. General health perception was poor in four
(of five) studies [12, 42, 48, 49]; four (of four studies with
an NCC group) found it was significantly worse in LGG
patients than in NCCs [12, 44, 48, 49]. Poor vitality was
reported in four (of five) studies [12, 42, 48, 49]; three (of
four studies with an NCC group) found it was significantly
worse than in NCCs [12, 44, 48], as well as suspected LGGs
in one (of one) of these [48].

Compared to NCCs, studies also reported significantly
worse physical functioning (n=4 of five) [12, 44, 49, 52]
and emotional role functioning (n=3 of four) [12, 44, 49] in
LGG patients. Compared to HGG patients, of seven studies,
only Mahalakshmi et al. [46] found significant differences,
namely that LGG patients reported better emotional, physi-
cal, and social functioning.

Across studies, functioning aspects with the worst scores
were cognitive functioning (n=06) [39, 41, 46, 47, 52, 57],
functional wellbeing (n=2) [33, 54], general health per-
ception (n=2) [42, 49], social functioning (n=2) [34, 53],
vitality (n=2) [12, 48], role functioning [40], and SF-36
mental [44] and physical [45] component scores. Still, ‘worst
scores’ is a function (in part) of instrument used and what
study authors choose to report, as cognitive functioning was
either not assessed or reported in seven of the 11 studies that
reported another aspect as having the worst score.

Specific HRQoL — symptoms

Fourteen studies reported values for HRQoL symptoms
[12, 33, 34, 39-42, 46-50, 53, 57]. Considerable symptom
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burden was evident, most notably high levels of fatigue
(reported in n=38 of nine studies) [33, 34, 40, 41, 46, 47,
53, 57]. Other symptoms with substantial burden included:
communication deficits (n=7 of eight) [12, 34, 41, 4648,
53]; future uncertainty (n =06 of eight) [12, 41, 46-48, 53];
suffering from headaches (n=35 of seven) [31, 34, 47, 48,
57]; financial difficulties (n=5 of five) [40, 46, 47, 53, 57];
drowsiness (n=4 of seven) [31, 47, 53, 57]; insomnia (n=4
of five) [34, 39, 40, 57]; pain (n=4 of 12) [34, 39, 40, 42];
and motor dysfunction (n =3 of eight) [34, 41, 46]. The two
studies that compared pain in LGG patients with NCCs were
inconsistent [12, 44]. One study found motor dysfunction
was significantly worse in LGG patients than those with
suspected LGGs [48].

Again, compared to HGG patients, significant differ-
ences were primarily reported by Mahalakshmi et al. [46];
LGG patients had lower levels of communication deficit,
distress from hair loss, fatigue, nausea/vomiting, pain, sei-
zures, and suffering from headaches, though greater financial
difficulties.

Across studies, symptoms with the worst scores were
fatigue (n=06) [33, 34, 40, 41, 47, 57], sleep disturbances
(n=2) [39, 50], drowsiness [53], financial difficulties [46],
future uncertainty [12], and seizures [48]. This may be influ-
enced by instrument used, as fatigue (n=10) was the second
most assessed symptom.

Health-related quality-of-life over time

Longitudinal studies varied in the timepoints at which they
measured HRQoL. Four of nine longitudinal studies (which
considered different aspects of HRQoL) suggested HRQoL
remains low, but stable, over time, specifically over six-
months [38], one-year [37], and up to 10-[52] and 12-years
since diagnosis or treatment [31] (Table 3).

Global HRQoL changes

In Wang et al. [54] and Yavas et al. [57], global HRQoL
improvements were reported over one- and three-years since
treatment, respectively. For Yavas et al. [57], the median
improvement was consistent with the EORTC QLQ-C30 def-
inition of a minimally important difference (i.e. 4—6 points)
for global HRQoL improvement in glioma patients [58].

Specific HRQoL changes

For Wang et al., emotional and functional wellbeing,
and FACT-Br brain tumour subscale scores significantly
improved at one-year, compared to one-month since treat-
ment [54]. In Yavas et al., future uncertainty, communication
deficit, suffering from headaches, drowsiness, and distress
from hair loss significantly improved from initial assessment

@ Springer

(end of radiotherapy) to three-years since treatment [57].
For Boele et al., with longer term follow-up, SF-36 physi-
cal functioning and physical component scores worsened
between a mean of 5.6 and 12 years since diagnosis [31].

Factors associated with health-related
quality-of-life

Eighteen papers reporting 15 studies [12, 30, 33-35, 38,
40-42, 44, 45, 47, 49, 52, 54-57] examined 19 different
factors for association with HRQoL, most often: age (n=8
studies) [12, 34, 35, 40, 45, 47, 49, 54], treatment (n=28)
[12, 34, 35, 38, 45, 47, 54, 57], and tumour location (n=7)
[12, 34, 35, 41, 45, 49, 54]. Significant associations were
observed by at least one study for 17 factors (i.e. all except
genetic markers and marital status) (Table 4). For eight fac-
tors—age, cognitive function, education, sex, SES, time
since diagnosis/treatment, treatment, and tumour loca-
tion—reported associations were not always statistically
significant; the remaining nine factors — coping, depression,
duration of symptoms, epilepsy/seizure burden, history of
recurrence, KPS, post-traumatic growth, post-traumatic
stress disorder (PTSD), and tumour type—were significantly
associated with HRQoL in all studies in which they were
reported.

There were 10 positively associated factors, with the most
supporting evidence for KPS (n=3 of three). Higher KPS
was positively associated with global (n=2) [34, 47] and
specific HRQoL (e.g. less fatigue) (n=2) [47, 49]. There
were 12 negatively associated factors, with the most sup-
porting evidence for epilepsy/seizure burden (n=>5 of five).
Greater burden was negatively associated with global [54]
and specific HRQoL (e.g. worse social functioning) (n=4)
[12, 35, 44, 49].

Five factors, namely, age, cognitive function, time since
diagnosis/treatment, treatment, and tumour location were
positively and negatively associated with HRQoL. For
example, older age was positively [47] and negatively [12]
associated with specific symptoms (e.g. diarrhoea and visual
disorder, respectively).

Discussion
Summary of main findings

This systematic review aimed to identify quantitative evi-
dence assessing HRQoL in adult LGG patients, to establish
which aspects of HRQoL were impacted; how HRQoL com-
pared with other populations; temporal trends; and factors
associated with HRQoL. The 29 papers identified relating
to 22 studies were largely good quality. Thirteen studies
included comparator and/or control groups, and 19 factors
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Table 4 Factors associated with health-related quality-of-life

Factor Paper

Finding

Age* Aaronson (2011) [12]

Budrukkar (2009) [34]
Campanella (2017) [35]
Gustafsson (2006) [40]
Leonetti (2021) [45]
Okita (2015) [47]

Ruge (2011) [49]
Wang (2018); Li (2019) [54, 56]*
Cognitive function” Boele (2014) [30]

Campanella (2017) [35]
Leonetti (2021) [45]

Ruge (2011) [49]

Coping~ Gustafsson (2006) [40]

Li (2019) [56]

Depression™ Ruge (2011) [49]

Wang (2018); Li (2019) [54, 55]°

Duration of symptoms™ Ruge (2011) [49]

Older age was significantly associated with worse visual
disorder (P=0.039)

No significant associations were observed
No significant associations were observed
No significant associations were observed
No significant associations were observed

Older age (>40) was significantly associated with lower
levels of diarrhoea (P =0.05)

No significant associations were observed
No significant associations were observed

Greater executive functioning, processing speed, verbal
memory, working memory, information processing, and
attention were significantly associated with lower levels
of future uncertainty (all P <0.01), visual disorder (all
P <0.01; verbal memory P=0.011), motor dysfunction
(all P<0.01), communication deficit (P <0.01; verbal
memory P=0.011; executive functioning P=0.034;
processing speed not significant), and less seizures
(all P<0.01), and drowsiness (processing speed and
information processing P <0.01; executive functioning
P=0.014; verbal memory P =0.029; working memory
P=0.011; attention not significant). Greater processing
speed was significantly associated with more suffer-
ing from headaches (P =0.018), while greater verbal
memory (P=0.044), working memory (P=0.036), and
information processing (P =0.018) were significantly
associated with less suffering from headaches

No significant associations were observed

Higher levels of language deficit were significantly associ-
ated with worse mental component scores at 6-months
(P=0.014) and 1-year post-surgery (P <0.01), and worse
physical component scores at 3-months (P =0.025),
6-months (P=0.049), and 1-year post-surgery
(P=0.014)

Better divided attention performance was significantly

associated with better general health perception
(P<0.02) and less bodily pain (P <0.05)

Higher levels of avoidant coping were significantly
associated with worse emotional functioning (P <0.01).
Higher confrontive coping was significantly associated
with greater financial impact (P <0.01) and worse role
functioning (P <0.01)

Higher levels of avoidant coping were significantly associ-
ated with worse global HRQoL (P <0.01)

Higher levels of depression were significantly associ-
ated with worse vitality (P <0.01), social functioning
(P<0.01), emotional functioning (P < 0.05) and mental
health (P <0.01)

Higher levels of depression were significantly associated
with worse global HRQoL (P <0.01)

Longer duration of symptoms (>20 weeks) was associ-
ated with worse physical functioning (P=0.043), vitality
(P=0.023), social functioning (P=0.036), and emo-
tional role functioning (P=0.014)

@ Springer
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Table 4 (continued)

Factor

Paper

Finding

Education™

Epilepsy/seizure burden™

Genetic markers

History of recurrence™

KPS*

Marital status

Post-traumatic growth (PTG)*

Aaronson (2011) [12]
Budrukkar (2009) [34]

Campanella (2017) [35]

Leonetti (2021) [45]
Aaronson (2011) [12]

Campanella (2017) [35]

Klein (2003) [44]

Ruge (2011) [49]

Wang (2018); Li (2019) [54, 56]°

Affronti (2018) [33]
Leonetti (2021) [45]
Okita (2015) [47]

Budrukkar (2009) [34]

Okita (2015) [47]

Ruge (2011) [49]

Gustafsson (2006) [40]

Wang (2018); Li (2019) [54, 56]*
Wang (2018); Li (2019a; 2019b) [54-56]*

Post-traumatic stress disorder (PTSD) ~ Jiang (2019) [42]

Li (2019) [56]

No significant associations were observed

Higher level of literacy was significantly associated with
better global HRQoL (P =0.025)

No significant associations were observed

No significant associations were observed

Higher epilepsy burden was significantly associated with
worse physical and mental component scores, and higher
levels of future uncertainty, motor dysfunction, com-
munication deficit, seizures (all P <0.01), visual disorder
(P=0.019), suffering from headaches (P =0.046),
drowsiness (P =0.033), and weakness of legs (P=0.021)

Higher epilepsy burden was significantly associated with
worse psychological wellbeing (P=0.013)

Higher epilepsy burden was significantly associated with
worse physical health and mental component scores
(both P <0.01)

Presence of seizures was significantly associated with
worse social functioning (P <0.05)

Presence of seizures was significantly associated with
worse global HRQoL (P <0.01)

No significant associations were observed
No significant associations were observed

A history of recurrence was significantly associated with
worse cognitive functioning (P =0.03) and higher levels
of fatigue (P =0.02), constipation (P=0.01), financial
difficulties (P=0.01), visual disorder (P <0.01), motor
dysfunction (P =0.04), communication deficit (P =0.02),
drowsiness (P =0.02), weakness of legs (P=0.01), and
difficulty with bladder control (P=0.02)

Higher KPS was significantly associated with better global
HRQoL (P=0.04)

Higher KPS was significantly associated with better global
HRQoL (P <0.01), physical functioning (P <0.01), role
functioning (P =0.03), and social functioning (P =0.02),
as well as lower levels of fatigue (P =0.03), insomnia
(P=0.02), constipation (P=0.01), motor dysfunction
(P=0.02), communication deficit (P=0.02), drowsiness
(P=0.04), weakness of legs (P <0.01), and difficulty
with bladder control (P <0.01)

Higher KPS was significantly associated with better physi-
cal functioning (P <.01) and role functioning (P=.01)

No significant associations were observed
No significant associations were observed

Higher PTG was significantly associated with better global
HRQoL (P<0.01)

Those with PTSD had significantly worse HRQoL in all
eight dimensions of the SF-36, than those without PTSD
(P<0.01; physical functioning: P=0.026)

Having PTSD was significantly associated with worse
global HRQoL (P <0.01)

@ Springer
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Table 4 (continued)

Factor

Paper

Finding

Sex™

Socio-economic status (SES)*™

. . . . *
Time since diagnosis/ treatment

Treatment”

Aaronson (2011) [12]

Budrukkar (2009) [34]

Campanella (2017) [35]
Gustafsson (2006) [40]

Leonetti (2021) [45]

Wang (2018); Li (2019) [54, 56]*
Budrukkar (2009) [34]
Wang (2018); Li (2019a; 2019b) [54-56]

Aaronson (2011) [12]
Campanella (2017) [35]
Gustafsson (2006) [40]
Okita (2015) [47]

Teng (2021) [52]

Wang (2018); Li (2019a) [54, 55]*

Aaronson (2011) [12]

Budrukkar (2009) [34]
Campanella (2017) [35]
Drewes (2018) [38]
Leonetti (2021) [45]

Okita (2015) [47]

Wang (2018); Li (2019) [54, 56]*
Yavas (2012) [57]

Female sex was significantly associated with worse physi-
cal and mental component scores, and higher levels of
visual disorder, motor dysfunction, suffering from head-
aches (all P<0.01), and weakness of legs (P =0.028)

No significant associations were observed
No significant associations were observed
No significant associations were observed
No significant associations were observed

No significant associations were observed
No significant associations were observed

Having social insurance (P <0.01) and higher SES
(P<0.01) were significantly associated with better global
HRQoL

No significant associations were observed
No significant associations were observed
No significant associations were observed

Those 10-20 years since treatment had significantly more
difficulty with bladder control than 0—4 years since treat-
ment (P <0.01)

Longer time since treatment was significantly associated
with better role functioning (P=0.013)

Longer time since treatment was significantly associated
with better global HRQoL (P <0.01)

Surgical intervention was significantly associated with
higher levels of future uncertainty (P=0.02). Radio-
therapy was significantly associated with worse mental
component scores (P=0.029)

No significant associations were observed
No significant associations were observed
No significant associations were observed

Receipt of adjuvant treatments was significantly associated
with worse mental component scores at 6-months post-
surgery (P <0.01) and worse physical component scores
at 3-months (P=0.013) and 6-months post-surgery
(P<0.01)

Radiotherapy was significantly associated with lower
levels of nausea and vomiting (P=0.01) and dyspnoea
(P=0.04), but higher levels of communication deficit
(P=0.03). Chemotherapy was significantly associated
with worse physical functioning (P =0.05) and bladder
control (P=0.04)

No significant associations were observed
No significant associations were observed
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Table 4 (continued)

Factor Paper

Finding

Tumour location” Aaronson (2011) [12]

Budrukkar (2009) [34]
Campanella (2017) [35]
Jakola (2012) [41]
Leonetti (2021) [45]
Ruge (2011) [49]

Wang (2018) [54]

Tumour type* Li (2019) [56]

Tumour laterality was significantly associated with higher
levels of communication deficit (P <0.01) (specific
laterality not given)

No significant associations were observed
No significant associations were observed
No significant associations were observed
No significant associations were observed

Temporal, parietal, and subcortical tumour locations were
significantly associated with worse physical functioning
(P=0.014)

Right hemisphere location was significantly associated
with better global HRQoL (P=0.01)

Lower tumour grade was significantly associated with bet-
ter global HRQoL (P <0.05)

HRQoL Health-related quality-of-life
*Positively associated
— Negatively associated

*Both positively and negatively associated

*The same finding was reported by more than one paper reporting the same study

were examined. Overall, the evidence-base suggests global
HRQoL in LGG patients is poor, with considerable func-
tioning impairments and symptom burden, most notably,
cognitive functioning and fatigue, respectively. Over time,
HRQoL remained low, but stable, and was better than in
HGG patients, but substantially worse than in NCCs. Seven-
teen factors, most frequently epilepsy/seizure burden, were
positively (n=10 factors) or negatively (n=12) associated
with HRQoL.

Health-related quality-of-life

Thirteen different HRQoL instruments were used. Given
the variation across instruments and heterogeneity in
patient samples and times at which HRQoL was assessed,
we decided not to conduct a meta-analysis. We support
Fountain et al.’s call, made in 2016, for a standardised set
of validated HRQoL measures for future LGG studies [59].
However, since 2016, 11 studies in this review used 11 dif-
ferent instruments. Hence, this issue is ongoing and needs
to be addressed.

Despite better HRQoL than in HGG patients, poor
HRQoL in LGG patients was consistently reported, and
was emphasised when compared to NCCs. Notable func-
tioning impairments were observed for cognitive, emo-
tional, physical role, and social functioning, general
health perception, mental health, and vitality. Symptom
burden was high for communication deficit, fatigue, future
uncertainty, pain, and suffering from headaches. Cognitive
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functioning and fatigue were consistently the functioning
aspect and symptom with the most impairment and burden,
respectively.

Comparisons within LGG subtypes were not investi-
gated in the eligible studies. Survival rates vary by subtype;
1-10 year survival is markedly higher in oligodendrogliomas
(93.9 to 64%), than diffuse astrocytomas (72.2 to 37.6%) [3].
It is possible quality of survival also varies. Future research
should compare HRQoL across LGG subtypes to distin-
guish whether impairments or symptoms are accentuated in
particular tumour types. The EORTC QLQ-C30 reference
values for brain tumours are worse than other cancers (i.e.
breast and colorectal) [27]. However, research comparing
HRQoL in LGG patients to other (non-brain) cancer popu-
lations is scarce. Such comparisons would be of value to
help determine whether more tumour-specific, or targeted,
supportive care services are required.

There was substantial heterogeneity in time since diag-
nosis/treatment at which HRQoL was assessed, from point
of diagnosis to 20-years since treatment. In general, studies
which included patients closer to diagnosis reported greater
impacts on HRQoL, as sufficient time may not have elapsed
to adjust. For example, in Jiang et al. [42], which included
patients approximately 3-months post-diagnosis, SF-36
scores were considerably lower than in other studies. Assess-
ing HRQoL in early stages post-diagnosis may also be prob-
lematic. Ruge et al. [49] abandoned the BN20 because LGG
patients did not want to be prospectively confronted with
questions about treatment effects and tumour progression.
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Health-related quality-of-life over time

There was considerable heterogeneity in timepoints assessed
across longitudinal studies, with follow-up from one-month
to 12-years since diagnosis. Post-treatment, HRQoL typi-
cally remained stable over time. However, largely poor base-
line scores mean this is not an encouraging finding; rather it
suggests LGG patients experience sustained HRQoL impair-
ments over extended periods. Observed improvements to
global and specific HRQoL were largely in comparison to
one-month post-treatment and probably reflect dissipation of
the more acute side-effects of adjuvant therapies [45]. Time
for adjustment to the diagnosis is also important, and likely
influences the temporal trends; acceptance has been associ-
ated with reduced general, and cancer-related, distress [60].

The longitudinal evidence is limited by failure to account
for tumour progression or recurrence. Investigators tend not
to make any accommodation in their results for the fact
that some people have dropped out. Drewes et al. [38] gave
deceased patients at follow-up a score of zero, which drove
down their mean scores. In general, within these studies,
observed temporal trends may, therefore, be biased by the
dropout of those whose tumours have progressed and who
might plausibly have worse HRQoL. This means more
clarity is needed on how long HRQoL impairments are
sustained, if, and when, they alleviate, and which aspects
remain impaired over time.

Factors associated with health-related
quality-of-life

Eight factors were positively associated, while four factors
were negatively associated, with global HRQoL. Five factors
were positively associated, while 12 factors were negatively
associated with specific aspects of HRQoL. Epilepsy/seizure
burden was most consistently associated with worse HRQoL
suggesting further seizure management, as a clinical priority,
may ameliorate the impact of an LGG on patient HRQoL.
Eight factors had inconsistent findings, most notably, age,
sex, treatment, and tumour location. Nonetheless, acknowl-
edging these factors is important when considering what
support may be needed. For example, PTSD was associated
with worse global HRQoL [56], and worse functioning on all
eight SF-36 dimensions [42]. Consequently, LGG patients
with PTSD may benefit from enhanced supportive care.

Critical appraisal of evidence

Twenty of the 29 papers were judged good quality. How-
ever, an important limitation is that the available evidence
for HRQoL in adult LGG patients may not represent the
full LGG population. Eleven studies explicitly excluded
patients with communication and/or cognitive impairments.

Only Drewes et al. [38] facilitated their inclusion, but this
was through proxy ratings, which may not be reliable [61].
Eight studies failed to detail how impairments were deter-
mined [12, 38, 40, 42, 44, 46, 53, 57]. Gabel et al. [39]
used the Boston Diagnostic Aphasia Examination [62], and
Wang et al. [54] used the Mini Mental State Exam (MMSE)
[63] to assess communication and cognitive impairments,
respectively. Though indicative of impairment, this should
not determine someone’s capacity to participate. Wang et al.
[54] excluded patients with at least mild cognitive impair-
ment (< 24), yet lower MMSE scores are significantly asso-
ciated with worse HRQoL in brain tumour patients [64].
Therefore, the average HRQoL of LGG patients was likely
overestimated.

Consistent with Brownsett et al. [65], we highlight the
prevalence of poor cognitive functioning and high levels
of communication deficit in adult LGG patients. However,
explicit exclusion of patients with these impairments in over
half of studies, means these impacts may be underestimated.
For those that did not exclude such patients, if/how partici-
pation was facilitated was often unclear. Miscomprehension
of a question due to such impairments could impact the reli-
ability of results. Future research should do more to facilitate
greater inclusivity. To achieve this, researchers might engage
in supportive conversation training; ensure accessible for-
matting of study documentation; validate accessible (e.g.
pictorial) rating scales (see the assessment for living with
aphasia [66]); or involve/consult specialist professionals,
such as speech and language therapists.

The WHO classification of tumours of the central nerv-
ous system was majorly restructured in 2016 [22], and 2021
[23]. Included studies were published 2001 to 2021, so what
authors considered to be an LGG is potentially heterogene-
ous. Seven studies did not report tumour type [34, 35, 38,
39, 46, 48, 50], while three studies only reported tumour
grade [43, 54, 57]. This may have implications for whether
HRQoL findings accurately reflect LGG patients, as pres-
ently classified. Details of anti-cancer treatment(s), ethnicity
and SES for study samples were also incompletely reported,
which limits understanding of whether HRQoL vary by
these factors. A minimum “core set” of socio-demographic,
tumour, and treatment-related characteristics to be consist-
ently reported by future study authors would be valuable.

Strengths and limitations

Our review benefitted from extensive searches, including
several databases and hand searching of reference lists and
citations. Our focus on HRQoL beyond the clinical trial
context allowed us to examine the ‘real world’ experience
of LGG patients, when they are not undergoing the close
monitoring that may happen within a trial.
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A challenge was the lack of validated cut-off values for
what is considered low, high, or clinically significant for
numerous HRQoL instruments. Consequently, although we
attempted to be consistent across studies, interpretation of
reported values was difficult for some studies.

Brain tumour patients are likely to underestimate cogni-
tive, emotional, psychological, and social changes [67]. This
highlights an issue with subjective measurement of HRQoL
using patient-reported outcome measures in LGG patients,
namely that, because of the tumour, patients may lack insight
and not self-report issues. This could mean functioning and
symptoms have been over and underestimated, respectively,
in the available studies.

Future research

The international classification of functioning, disability,
and health (ICF) has been used to consider 44 categories
of activities and participation (e.g. walking or doing house-
work) that may be limited in primary brain tumour patients
[68]. Future research could be conducted to understand
whether, and if so, which HRQoL impairments, personal
(e.g. age), clinical (e.g. tumour location), and environmental
(e.g. location) factors are associated with these categories
in LGG patients. This could help to further highlight spe-
cific support needs of this population overall, and subgroups
within it. To do this, a useful first step would be to code the
HRQoL instrument items to the ICF.

To date, one qualitative study has explored HRQoL in
LGG patients [69], and this focussed largely on coping strat-
egies used. Further qualitative research would be of value
to provide a more holistic insight into patients’ experiences
of HRQoL impacts, functional impairments, and symptoms,
and how different impacts might be interconnected. Patients
could reflect on when HRQoL aspects were particularly
impacted, at what point these improved or deteriorated, and
valuable (in)formal support.

Conclusion

Influenced by several factors, most frequently, epilepsy/sei-
zure burden, adult LGG patients have poor global HRQoL
and experience an array of functioning impairments and
symptom burden, most notably cognitive functioning and
fatigue, respectively. These remain poor, but stable over
time, and are markedly worse than in NCCs. Further con-
sideration of LGG patients with speech, language, commu-
nication, and cognitive impairments is required, including
steps to improve researchers’ confidence in ensuring their
inclusion. These findings may help clinicians recognise
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current supportive care needs and inform types and timings
of support needed, as well as inform future interventions.
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