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Abstract

Purpose Adolescent and young adult (AYA) malignant brain tumour (BT) survivors are at risk of adverse health outcomes,
which may impact their health-related quality of life (HRQoL). This study aimed to investigate the (1) prevalence of physi-
cal and psychological adverse health outcomes, (2) the HRQoL, and (3) the association of adverse health outcomes and
HRQoL among long-term AYA-BT survivors. Adverse health outcomes and HRQoL were compared to other AYA cancer
(AYAC) survivors.

Methods A cross-sectional secondary data analysis of the SURVAYA study among 133 AYA-BT and 3877 AYAC survivors
was conducted. Participant self-reported adverse health outcomes and HRQoL scores were analysed and compared between
the two populations. Associations with HRQoL were assessed using linear regression modelling with AIC-based backward
elimination.

Results AYA-BT survivors faced significant issues of fatigue (47.6%), future uncertainty (45.2%), and medical conditions
like vision (34.4%), speech, taste, or smell (26.2%) impairments, cancer recurrence, and metastasis (25.4%). Neurocognitive
symptoms were identified as BT-specific issues (13.6-33.6%). Compared to AYAC survivors, AYA-BT survivors reported
significantly (p <0.05) lower functioning scores on the role, cognitive, emotional, and social HRQoL, with cognitive (56.0%)
and emotional (40.0%) domains being the most affected. Adverse health outcomes were negatively associated with HRQoL,
ranging from small to large clinical relevance.

Conclusion Long-term AYA-BT survivors were identified as a highly burdened population, affected by multifaceted issues
and multidimensional detriments in HRQoL years beyond their cancer diagnosis. This study highlights the necessity of
long-term follow-up and a holistic, multidisciplinary approach to survivorship care to ultimately improve the quality of
AYA-BT survivorship.
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Introduction

Central nervous system cancers are a histologically com-
plex and heterogeneous group of neoplasms, with the
majority comprising malignant brain tumours (BTs) [1].
Although BTs account for a relatively small proportion
of total cancer cases in Europe (1.7% in 2020) and the
Netherlands (1.3% in 2020), they pose significant chal-
lenges to healthcare systems due to their complex nature
and treatment requirements [2, 3]. These neoplasms rep-
resent a significant health concern for adolescents and
young adults (AYAs) in the Netherlands. In 2020, the
incidence rate among AYAs was 2.4 (per 100,000), and
central nervous system tumours were the second lead-
ing cause of cancer-related deaths (mortality rate 1.2 per
100,000), underscoring their importance in this age group
[4]. AYAs (18-39 years), in general, form a unique cancer
population, characterised by increased vulnerability due to
developmental challenges and physical, emotional, cogni-
tive, and social transitions disrupted by a cancer diagnosis
and its treatment [5].

BTs warrant special attention in AYAs due to high mor-
bidity and mortality, diminished health-related quality of
life (HRQoL), and associated changes in social and occu-
pational roles [6, 7]. Although BT patients face a limited
or uncertain survival prognosis compared to other types
of cancer, the population of long-term AYA-BT survivors
(=5 years) is expanding due to medical advancements
[8—10]. Multimodal and adjuvant cancer treatments put
AYA-BT survivors at risk of facing disease- or treatment-
related long-term and late effects across the dimensions
of the biopsychosocial model, including neurocognitive
impairments or fatigue [10, 11]. Long-term and late effects
among AYAs are sometimes also related to their young
age, such as psychological issues, including mood disor-
ders and fear of cancer recurrence [11]. These adverse
health outcomes may impact survivors’ HRQoL and may
lead to diminished quality of long-term survival [10,
12-14].

Given that AYA-BT survivors represent a distinct
population, further understanding of long-term physical
and psychological challenges, along with their impact
on HRQoL, is imperative [9, 11, 15]. To the best of our
knowledge, a study examining adverse health outcomes
and their association with long-term AYA-BT survivors’
HRQoL has not been conducted yet. Thus, this study
aims to enhance the understanding of long-term health
outcomes and HRQoL among AYA-BT survivors by (1)
quantifying the prevalence of physical and psychological
adverse health outcomes, (2) investigating long-term can-
cer survivors’ HRQoL, and (3) examining the association
of adverse health outcomes and HRQoL. Additionally,
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with regard to objectives (1) and (2), the prevalence of
adverse health outcomes and HRQoL is compared to other
AYA cancer (AYAC) survivors to determine AYA-BT-
specific issues.

Methods
Study design

A cross-sectional secondary data analysis of the SURVAYA
study was conducted following the guidance of the STROBE
checklist [16].

Data set, study population, and measures

The population-based SURVAYA study (NCT05379387)
aimed to investigate the prevalence, risk factors, and mecha-
nisms of long-term adverse health outcomes of cancer and its
treatment in AYA cancer survivors. In short, the study was
conducted between 2019 and 2021 in the Netherlands and
included individuals diagnosed with a malignant neoplasm
during adolescence and young adulthood (18-39 years)
5-20 years before study participation. AYAs were treated at
the Netherlands Cancer Institute (NKI) or a university medi-
cal centre in the Netherlands. Further information on the
study design, recruitment process, and sample characteristics
have been described elsewhere [5]. Patient-reported outcome
(PRO) data were collected via the PROFILES registry, while
certain sociodemographic and clinical data were retrieved
from the Netherlands Cancer Registry (NCR). For this study,
the population of long-term AYA-BT survivors was identi-
fied based on the NCR tumour type codes equivalent to the
ICD-0O-3 codes C71, C72.2-3, C75.1, and C75.3.

In total, 133 individuals were identified as AYA-BT sur-
vivors. Sociodemographic characteristics were self-reported
except for age and sex, with data available from the NCR.
Clinical characteristics such as BT topography, histological
subtype, and malignancy grade (low-grade (LG) or high-
grade (HG)) were retrieved from the NCR and assigned
using the ICD-O-3 and the World Health Organisation
(WHO) grading system for central nervous system tumours
[17].

Within SURVAYA, HRQoL was assessed using the Dutch
version of the EORTC QLQ-C30 core questionnaire (ver-
sion 3.0), divided into six scales: Global Health/Quality
of Life (QL), Physical Functioning (PF), Role Functioning
(RF), Cognitive Functioning (CF), Emotional Functioning
(EF), and Social Functioning (SF). These scales are used as
dependent variables for the aim of gaining insights into the
different dimensions of HRQoL. Established thresholds of
clinical importance (TCIs) are applied to estimate the preva-
lence of clinically relevant functional impairments [18].
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A total of 23 self-reported adverse health outcomes
were considered and summarised into 4 categories: 3 gen-
eral symptoms (fatigue, pain, sleep disturbance), 10 medi-
cal conditions (hearing impairments, vision impairments,
speech/taste/smell impairments, urinary tract issues, hor-
monal system issues, cardio-/cerebrovascular system issues,
respiratory system issues, digestive system issues, cancer
recurrence or metastasis, second primary cancer), 5 neuro-
cognitive symptoms (concentration issues, memory difficul-
ties, brain fog, slowed information processing, multitasking
issues), and 5 psychological distress items (fear of cancer
recurrence, future uncertainty, depression, body image dis-
satisfaction, health-related worries). Within SURVAYA,
information on adverse health outcomes was assessed either
using a dichotomous response option (medical conditions
and depression) or a 4-point Likert scale if assessed accord-
ing to the EORTC measures (all others). Considering the
limited sample size, items are dichotomised and used as
binary independent variables to streamline further analyses,
if adequate. Established TCIs for the EORTC items fatigue,
pain, and insomnia were applied, while a cut-off value of
TCI=2 was assumed for other adverse health outcomes.
Accordingly, these adverse health outcomes were dichot-
omised into none-to-mild and moderate-to-severe for further
statistical analyses [19].

Statistical analysis

For comparative analyses, the other 3877 SURVAYA par-
ticipants (established including all other diagnoses than BT;
AYAC) functioned as a control group to determine AYA-
BT-specific adverse health outcomes and HRQoL issues.
Sociodemographic and clinical characteristics as well as
information on adverse health outcomes and HRQoL are
summarised using descriptive statistics. Further, they are
compared between AYA-BT and AYAC survivors using
x’-statistics or r-tests, as appropriate (a=0.05) and com-
plemented by non-parametric procedures if indicated. With
regard to adverse health outcomes, odds ratios (ORs) are
estimated for significant associations. Only adverse health
outcomes with a prevalence of > 10% are included in further
analysis, and subsequent statistical analyses are performed
for the AYA-BT population only [20].

To explore the association of adverse health outcomes
and HRQoL, six models are employed. Bivariate relation-
ships of the HRQoL dimensions and each adverse health
outcome are assessed by univariable models, and adverse
health outcomes shown to be significantly associated with
the HRQoL dimension (p <0.1) are then included in multi-
variable analysis. A stepwise backward elimination method
utilising bias-corrected AIC is applied to reach final parsi-
monious models. To maintain the interpretability, a set of
fixed control variables consisting of age, sex, education,

occupational status, and comorbidity status is forced into
the models along with time since diagnosis to account for
the cross-cohort design of the SURVAYA study. For assess-
ing the magnitude of clinical relevance, clinically important
differences (CIDs) in HRQoL are assessed using evidence-
based guidelines [21]. Adjusted mean differences as indi-
cated by the regression coefficients are classified into trivial,
small, medium, or large differences, excluding the EF scale
due to a lack of established CIDs. All statistical analyses are
conducted using Stata 15.1.

Results
Sociodemographic and clinical characteristics

Age at study participation ranged from 26 to 57 years in the
AYA-BT population while the mean age was significantly
lower compared to the AYAC population (42.41 +7.23 vs.
45.56 +7.46). Sex of the AYA-BT survivors was almost
equally distributed, while the majority (61.72%) was female
among AYAC survivors. In both populations, more than half
of survivors reported to have obtained a university or col-
lege degree. A significantly higher unemployment rate was
observed in the subpopulation of AYA-BT survivors com-
pared to AYAC survivors (Table 1).

Most AYA-BT survivors were diagnosed between the
ages of 25 and 39, which was comparable to AYAC sur-
vivors. The average time between diagnosis and survey
participation was significantly shorter for AYA-BT sur-
vivors compared to AYAC survivors (10.97 +4.23 vs.
12.45+4.51 years). Approximately half of the AYA-BT
survivors participated in the SURVAYA study 5-10 years
post-diagnosis, while more of the AYAC survivors partici-
pated > 10 years after their diagnosis. Almost all AYA-BT
survivors have undergone surgery as part of their cancer
therapy. Additionally, more than half of AYA-BT survivors
underwent radiotherapy, and approximately a fifth received
chemotherapy.

Adverse health outcomes

While the prevalence of fatigue was significantly higher
among AYA-BT survivors, major differences were not found
for other general symptoms (Supplement 1). Medical condi-
tions varied in prevalence between the two survivor popula-
tions, with AYA-BT survivors experiencing higher rates of
certain conditions such as vision impairments and cancer
recurrence or metastasis, while they were less affected by
urinary tract, hormonal system, and cardio- or cerebrovas-
cular system issues. The prevalence of moderate-to-severe
neurocognitive symptoms differed considerably between
AYA-BT survivors and AYAC survivors, as the prevalence
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Table 1 Sociodemographic and clinical characteristics
AYA-BT population AYAC population (n=3877) p-value?
(n=133)
n (%) n (%)
1. Sociodemographic characteristics
Age at study participation
Mean (SD) 42.41 (7.23) 45.56 (7.46) 0.0011*
Range 26-57 23-61
Median (IQR) 44 (37-48) 45 (40-50)
<35 years 22 (16.54) 452 (11.66)
35-39 years 27 (20.3) 589 (15.19)
40-44 years 28 (21.05) 881 (22.72)
4549 years 38 (28.57) 971 (25.05)
>50 years 18 (13.53) 984 (25.38)
Sex
Male 65 (48.87) 1484 (38.28)  0.014*
Female 68 (51.13) 2393 (61.72)
Civil status
Married/registered partnership 72 (54.14) 2143 (55.27)  0.003*
Relationship 26 (19.55) 1092 (28.17)
Single 35 (26.32) 626 (16.15)
Missing 0 0) 16 0.41)
Living situation
Alone 25 (18.8) 468 (12.07)  0.021%*
Not alone 108 (81.2) 3404 (87.8)
Missing 0 0) 5 (0.13)
Highest level of education
Low (no or primary school education) 1 (0.75) 27 0.7) 0.714%
Medium (secondary education) 60 45.11) 1662 (42.87)
High (college or university degree) 72 (54.14) 2180 (56.23)
Missing 0 ) 8 0.21)
Employment status
Employed 67 (50.38) 2741 (70.7) <0.001*
Self-employed 10 (7.52) 547 (14.11)
Unemployed 56 (42.11) 582 (15.01)
Missing 0 ) 7 (0.18)
Gross monthly income (individual)
No income 7 (5.26) 99 (2.55)  0.006*
<1500€ 21 (15.79) 557 (14.37)
1501-4000€ 59 (44.36) 1628 (41.99)
>4000€ 17 (12.78) 983 (25.35)
Missing 29 (21.8) 610 (15.73)
II. Clinical characteristics
Age at cancer diagnosis
Mean (SD) 30.91 (5.65) 31.6 (5.9) 0.183
Range 18-39 18-39
Median (IQR) 32 (27-35) 33 (28-37)
18-24 years 20 (15.04) 593 (15.3)
25-39 years 113 (84.96) 3284 (84.7)
Time since cancer diagnosis (between diagnosis and survey, in years)
Mean (SD) 10.97 (4.23) 12.45 (4.51) <0.001*
Range 4.95-20.81 4.94-20.85
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Table 1 (continued)

AYA-BT population AYAC population (n=3877) p-value®
(n=133)
n (%) n (%)
Median (IQR) 9.89 (7.66-13.71) 12.42 (8.61-16.03)
5-10 years 67 (50.38) 1319 (34.02)
> 10 years 66 (49.62) 2558 (65.98)
Comorbidities'
No 62 (46.62) 1890 (48.75) 0.495
Yes (1) 36 (27.07) 1066 (27.5)
Yes (2+) 29 (21.8) 679 (17.51)
Missing 6 4.51) 242 (6.24)
Primary treatment modality
Surgery Yes 128 (96.24) 2998 (77.33) <0.001*
No 5 (3.76) 875 (22.57)
Missing 0 ) 4 (0.10)
Radiotherapy Yes 68 (51.13) 1834 (47.30) 0.391
No 65 (48.87) 2039 (52.59)
Missing 0 0 4 (0.10)
Chemotherapy Yes 28 (21.05) 2211 (57.03) <0.001*
No 105 (78.95) 1662 (42.87)
Missing 0 0) 4 (0.10)
Targeted therapy Yes 1 (0.75) 307 (7.92) <0.001%*
No 132 (99.25) 3566 (91.98)
Missing 0 0) 4 (0.10)
Hormone therapy Yes 0 0) 484 (12.48) <0.001%*
No 133 (100) 3389 (87.41)
Missing 0 0) 4 (0.10)
Stem cell therapy Yes 0 0) 142 (3.66) 0.015%*
No 133 (100) 3731 (96.23)
Missing 0 ) 4 (0.10)
BT topography (ICD-O-3 BT sublocalisation)
Cerebrum (0) 3 (2.26) -
Frontal lobe (1) 54 (40.6) -
Temporal lobe (2) 24 (18.05) -
Parietal lobe (3) 11 (8.27) -
Ventricle, not otherwise specified (5) 2 (1.5) -
Cerebellum, not otherwise specified (6) 17 (12.78) -
Brain stem (7) 7 (5.26) -
Overlapping lesion of brain (8) 11 (8.27) -
Brain, NOS (9) 4 (3.01) -
BT morphology (ICD-0-3)?
Diffuse astrocytoma (9400, LG) 39 (29.32) -
Oligodendroglioma (9450, LG) 16 (12.03) -
Anaplastic oligoastrocytoma (9382, HG) 12 (9.02) -
Anaplastic astrocytoma (9401, HG) 11 8.27) -
Ependymoma, NOS (9391, HG) 9 (6.77) -
Glioblastoma, NOS (9440, HG) 9 (6.77) -
Medulloblastoma (9470, HG) 9 (6.77) -
Oligodendroglioma (9451, HG) 7 (5.26) -
Desmoplastic nodular medulloblastoma (9471, miss- 5 (3.76) -

ing)
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Table 1 (continued)

AYA-BT population AYAC population (n=3877) p-value®
(n=133)
n (%) n (%)

Other LG tumour 7 (5.26) -

Other HG tumour 8 (6.02) -

Other w/o WHO grade 1 (0.75)

WHO grading system for central nervous system tumours (low- and high-grade BT)

LG BT (WHO grade I/IT) 62 46.62) -

HG BT (WHO grade III/IV) 65 (48.87) -

Missing 6 4.51) -

LG low-grade, HG high-grade (dichotomised WHO grade in parenthesis), SD standard deviation, /QR interquartile range

!Categorised amount of comorbidities (e.g. anaemia, back pain, rheumatism) based on self-reported data. Missing: not at least n=1 question

regarding comorbidities was answered with yes or no
2Tumour behaviour of all tumours was/3 malignant, primary
3Statistically significant p <0.05

“Based on Fisher’s exact-test

of all symptoms investigated was higher for AYA-BT sur-
vivors with most differences being statistically significant.
Psychological distress was comparable between the two pop-
ulations, except for moderate-to-severe future uncertainty,
which was 27.4% more prevalent among AYA-BT survivors.

Differences in health-related quality of life
Mean values for QL and PF were comparable between AYA-

BT survivors and AYAC survivors (Table 2). For the remain-
ing functioning dimensions, mean scores among AYA-BT

survivors were significantly lower than those of the AYAC
survivors, while CF was the dimension with the largest
discrepancy.

Apart from PF, AYA-BT survivors were significantly
more often impaired in their functioning to a clinically rel-
evant extent as revealed by applying TCIs (Supplement 2).
The highest prevalence of impairments was identified in CF
and EF, as 56.0% and 40.0% of the AYA-BT survivors were
impaired to a clinically relevant extent in these domains,
respectively, while AYAC survivors were impaired to a sig-
nificantly lower extent.

Table 2 Comparison of health-related quality of life dimensions (mean scores) between the BT and AYAC survivor population

EORTC AYA-BT population AYAC population Mean comparison2

dimension n (missing %') Mean SE (SD) n (missing %')  Mean SE (SD) Mean difference [95%-CI]  p-value

QL 125 7327 140 (15.64) 3600 (7.14%) 7529 029 (17.59) 2.02[-1.11;5.15] 0.206®
(6.02%)

PF 126 88.84 146 (1643) 3617 (6.71%) 91.57 023 (13.93) 2.73 [=0.20; 5.66] 0.06834
(5.26%)

RF 125 73.60 251 (28.02) 3605 (7.02%) 83.56 042 (25.23) 9.96 [5.44; 14.48] 0.000%®
(6.02%)

CF 125 6587 257 (28.78) 3606 (6.99%) 7831 040 (24.19) 12.46[7.29;17.60] 0.000%CH
(6.02%)

EF 125 7413  2.08 (23.30) 3609 (6.91%) 79.65 034 (20.50) 5.52[1.34;9.70] 0.01+G¥
(6.02%)

SF 124 7836 2.6  (2891) 3602 (7.09%) 8828 036 (21.71) 9.92[4.73;15.1] 0.000%CH
(6.77%)

SE standard error, SD standard deviation, CI confidence interval
"Missing values refer to the total population (n=133/n=3877)
2p <0.05 is considered significant

3 Additional Welch test (two-sample #-test with unequal variances) was performed

4 Additional Wilcoxon Ranksum/Man-Whitney-U-test was performed
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Association of adverse health outcomes and HRQolL
in AYA-BT survivors

Table 3 presents associations between prevalent adverse
health outcomes and HRQoL as obtained by multiple linear
regression, adjusted for control variables and after back-
ward elimination (see Supplement 3 for variable pre-selec-
tion and Supplement 4 for full models). A total of n=17
exhibited significant associations with at least one dimen-
sion of HRQoL, while the majority of adverse health out-
comes showed a negative association with HRQoL. A total
of n=27 adjusted mean differences were assessed, while
most differences (63.0%) in HRQoL were considered small,
22.2% medium, and 14.8% large.

All general symptoms were associated with at least one
functioning dimension, while fatigue also demonstrated a
negative association with QL. Medical conditions exhibited
associations ranging from a small to a large clinically rel-
evant extent with all functioning scales, while significant
associations with QL were not observed. At least moderate
levels of neurocognitive symptoms demonstrated a nega-
tive and clinically relevant impact on AYA-BT survivors’
functioning (small to large), while most symptoms affected
multiple functioning dimensions. Among the psychological
adverse health outcomes, the presence of moderate-to-severe
future uncertainty, depression, and moderate-to-severe
health-related worries was identified as predictors of com-
promised global HRQoL to a small clinically relevant extent,
which were, along with fatigue, the only adverse health out-
comes associated with global HRQoL. Additionally, psy-
chological distress items were linked to significantly lower
functional health, ranging from small to moderate clinical
relevance.

Discussion

Our study found that AYA-BT survivors reported a variety
of adverse health outcomes years beyond their cancer diag-
nosis, which differed significantly from AYAC survivors.
AYA-BT survivors were particularly affected by fatigue,
medical conditions such as impairments of vision, speech,
taste, or smell, cancer recurrence or metastasis, neurocog-
nitive symptoms, and future uncertainty. While QL and PF
were comparable, a significantly higher prevalence of clini-
cally important functional impairments was observed among
AYA-BT survivors, particularly in the cognitive and emo-
tional domains. Furthermore, the presence of most adverse
health outcomes was associated with a negative and multi-
dimensional impact on HRQoL ranging from small to large
clinical relevance.

Our findings indicate that fatigue is not only present in
early stages of the disease and during treatment of AYA-BT

patients but also continues throughout the disease trajec-
tory into long-term survivorship [14, 22, 23]. In the specific
population of AYA-BT patients, the high burden of fatigue
can be discussed within the context of epilepsy and required
anti-seizure medication alongside other explanations includ-
ing neurocognitive impairments and BT treatment modali-
ties [24]. Since fatigue might be present in symptom clus-
ters with neurocognitive impairment, psychological distress,
and comorbid conditions, a clear differentiation from other
symptoms is hampered [25, 26]. Linkages between cer-
tain symptoms and conditions may be examined in further
research using network analysis [27].

In terms of medical conditions, as mentioned before,
AYA-BT survivors report a significantly higher prevalence
of impairments or changes in speech, taste, and smell, pos-
sibly linked to previous harm due to primary tumour, sur-
gery, or radiotherapy [22, 28]. Additionally, higher rates
of cancer recurrence and metastasis in AYA-BT survivors
are attributed to the infiltrative nature of BTs and incom-
plete primary tumour resection or low exposure to systemic
treatment due to the blood-brain-barrier and resistance to
treatment due to the biology of the BT [29]. Despite the
anticipated impact of tumour location and neurotoxic effects
of brain tumour-specific treatment, our study did not find a
statistically significant difference in the reported frequency
of vision-related and hearing impairments among AYA brain
tumour survivors compared to the AYAC population [10].

In line with the expectations and previous research, neu-
rocognitive symptoms were identified as AYA-BT-specific
issues. Given the nature of the disease, this may be attribut-
able to the initial tumour location and brain-directed treat-
ment impacting functional brain areas [30, 31].

The high prevalence of future uncertainty we found in
this study is consistent with the results of other BT-specific
studies involving patients and survivors [22, 32, 33]. Since
the corresponding item in SURVAYA was rather generic,
one can assume that high levels of uncertainty among AYA-
BT survivors might be associated with the achievement of
life plans, long-term health status, and prognosis [34]. As
investigated by Burgers et al. among AYAs with uncertain
or poor cancer prognosis, including BT, future uncertainty
might also be linked to return-to-work concerns [35].

Our study reaffirms the presence of restricted health
in long-term survivorship [36, 37]. The phenomenon of
comparable and satisfactory QL and PF scores in AYA-BT
and AYAC survivors may be attributed to a response shift
altering HRQoL perception [38]. Moreover, measuring
HRQoL in AYA-BT survivors must consider a potential
distortion due to elevated levels of cognitive impairment.
The proportion of participants with a clinically important
impairment in functioning domains excluding PF was sig-
nificantly higher in AYA-BT survivors and highest in EF
and CF. High levels of impaired CF identified in this study
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Table 3 Association between adverse health outcomes and HRQoL dimensions: Results of the multivariable linear regression after BE

Global QOL Functioning
Physical Role Cognitive Emotional' Social®
General Fatigue — 8.097%%* —5.46%* —10.23%%* —7.45%
symptoms  (ref= <TCI) [-13.68;-2.51] [-10.09;—0.83] [—18.93;—1.53] [-14.88;-0.01]
Small Small Small Small
Pain —5.31% —10.29%
(ref= <TCI) [-11.59;0.97] [-20.99;0.41]
Small Small

Sleep distur- —8.64%*
bance [—16.89;—-0.4]

(ref= <TCI) NA

Medical Hearing —9.55%%*
conditions impairment [—18.57;—0.53]

(ref=no) Medium

Speech/taste/ —5.46%* —11.75%%*
smell issues [-10.71;—-0.21] [—21.52;—-1.99]

(ref=no) Small Medium

Urinary tract —11.39%*
issues [—20.91;—1.87]

(ref=no) NA

Respiratory 16.04%#*
system [5.51;26.57]
issues Large

(ref=no)

Cancer recur- —8.04%*
rence or [—17.4;1.31]
metastasis Small

(ref=no)

Neurocogni- Memory dif- 6.47%
tive symp- ficulties [-0.27; 13.21]
toms (ref=none- Small
to-mild)

Brain fog —13.41%** —16.73%%* —17.89%** —22.28%%*

(ref =none- [-21.72;-5.1] [-31.10;—-2.36] [-30.63;—-5.15] [—37.77;-6.79]
to-mild) Small Small Large Large

Slowed —11.76%* —10.64%* —10.56%** —12.2%%
information [-22.11;-1.41] [-20.55;-0.73] [-17.63;—-3.5] [—22.58;—1.82]
processing Small Medium NA Medium

(ref=none-
to-mild)

Multitasking —-6.17* —16.63%**
issues [—12.41; 0.07] [—26.30;—6.95]

(ref =none- Small Large
to-mild)
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Table 3 (continued)
Global QOL Functioning
Physical Role Cognitive Emotional' Social®
Psychological Fear of —10.92%%*
Distress cancer [—19.67;—2.17]
recurrence NA
(ref=none-
to-mild)
Future uncer- —5.51% —8.16%* —14.66%**
tainty [—11.3;0.28] [—14.74;-1.59] [-23.31;-6.02]
(ref=none-  Small NA Medium
to-mild)
Depression —9.39%%* —14.24%%*
(ref=no) [—17.6;—1.19] [—26.12;—-2.37]
Small Small
Body image —11.0%* —14.61%**
dissatisfac- [—20.43;—1.58] [—23.38;—5.85]
tion Medium NA
(ref=none-
to-mild)
Health- —8.61%* — 15.95%*
related [—16.39;—-0.84] [—25.48;—-6.43]
worries Small NA
(ref=none-
to-mild)

Only statistically significant # values are presented while a negative f# value indicates a negative association between a prevalent adverse health
outcome and global health or functioning of -x points. Only statistically significant (***p <0.01, **p <0.05, *p<0.1) associations between
adverse health outcomes and HRQoL dimensions are shown based on the multiple linear regression models and the conducted backward elimi-
nation. Regression coefficients were extracted from each final multiple linear regression model after conducting AIC_-based backward elimina-
tion and are presented with the 95% CI in square brackets. All analyses were adjusted for age at time of the survey (continuous), sex (dichot-
omous), educational attainment (dichotomous), employment status (dichotomous), time since diagnosis (continuous), and comorbidity status
(categorical). Cells are empty if the adverse health outcome was not included in multiple linear regression (as determined by univariable linear
regression), omitted in multiple linear regression, excluded through the process of AIC -based backward elimination, or not statistically signifi-
cantly associated with the HRQoL dimension. Small/medium/large/NA (not applicable) refers to the established CIDs used for determining the

clinical importance of mean differences

Ref reference category, TCI threshold of clinical importance

! Additionally controlled for malignancy grade as determined by backward elimination

2 Additionally controlled for chemotherapy as determined by backward elimination

support prior research conducted by Scholtes et al. and
Nicol et al. among childhood and adult BT survivors [20,
30]. Our results highlight the need to address this impair-
ment along with neurocognitive symptoms, which are con-
sidered multicausal and may be induced by compression
or infiltration of brain tissue due to the tumour and/or by
the received cancer treatment, especially considering the
effects of radiotherapy [1, 30, 31]. However, while per-
ceived CF and associated cognitive difficulties provide
valuable insights into survivors’ experience, its subjec-
tive nature may be influenced by physical or psychosocial
factors, including depression or anxiety, and symptoms
such as fatigue [15, 39]. Significant impairments in the EF
dimension are consistent with the current evidence. These
might be a result of anxiety and depressive symptoms due
to psychosocial challenges or cognitive impairment and,

moreover, might be a consequence of pathological pro-
cesses in certain brain areas and neuropsychological dys-
function [13, 15, 19, 34].

We found that the majority of adverse health outcomes
were significantly associated with various HRQoL dimen-
sions, potentially magnifying effects when occurring simul-
taneously [27, 38]. For instance, cognitive issues might
overlap, interrelate, and exacerbate with fatigue or psycho-
logical distress which healthcare professionals need to take
into account in terms of diagnosis and intervention [10, 40].

Our study confirms that fatigue significantly impacts mul-
tiple aspects of HRQoL, consistent with prior research [23,
38]. For example, Nicol et al. identified an association of
fatigue with poorer self-perceived CF in adult brain tumour
survivors, aligning with our findings [30]. Hence, fatigue
disrupts daily life and potentially contributes to the high
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unemployment observed among BT survivors, as it may hin-
der return to work [40, 41].

The study also highlights the significant and multidi-
mensional impact of neurocognitive symptoms on survi-
vors’ daily functioning, including challenges in maintaining
personal relationships or occupational roles [11, 13, 14].
Additionally, perceived cognitive deficits may be linked
with other conditions like underlying mood disorders, as
evidenced by the significant relationship observed in this
study. As neurocognitive issues might be present in a symp-
tom cluster with fatigue and impact HRQoL, there is a need
for screening and management strategies in clinical practise.
Clinicians should be aware of these mechanisms, particu-
larly in terms of screening for adverse health outcomes [41].

Psychological adverse health outcomes were identified
as predictors of compromised global HRQoL, while the
impact of depression is well reported among other cancer
survivor populations [42, 43]. Moreover, the negative asso-
ciation of future uncertainty and HRQoL is supported by
a single-centre study conducted by Umezaki et al. among
glioma patients [32]. Generally, the presence of psychologi-
cal distress was associated with a multifaceted impact on
HRQoL and might affect overall well-being and functional
health, which echoes prior cancer survivorship research [44].
Overall, the results of our study largely confirm previous
research in other age groups and cancer populations, high-
lighting the burden of adverse health outcomes and reduced
HRQoL faced by cancer survivors. Nevertheless, the impact
on younger age groups, including AYAs, is suspected to be
significantly larger due to the associated particularities of
this phase in life.

The prevalence and impact of physical and psychologi-
cal adverse health outcomes on AYA-BT survivors’ HRQoL
highlight the necessity of long-term follow-up and survi-
vorship care to improve outcomes, including additional and
expert professional as well as social support. These insights
further emphasise the need for tailored survivorship care
plans contributing to efficient and high-quality survivor-
ship care. Holistic survivorship care should cover preven-
tion, early detection, and surveillance of long-term and late
effects as well as its management utilising supportive care
interventions, while further research on AYA-BT survivors
specific supportive care needs is indicated [12]. For instance,
physical activity, psychoeducational interventions, cognitive
behavioural therapy, or pharmacologic treatments might
reduce the major burden of fatigue among BT survivors [41].
In clinical practise, special attention in terms of screening
should be given to issues that might occur simultaneously
or overlap in symptom clusters, such as fatigue, perceived
cognitive issues, and psychological distress [10, 41]. Con-
sidering the wide range of long-term and late effects among
BT survivors across different medical professions, the need
for multidisciplinary survivorship care covering physical and

@ Springer

psychosocial issues has been highlighted. Moreover, apart
from clinical care, the integral role of family caregivers in
supporting AYA-BT survivors and managing adverse out-
comes has to be recognised [12, 45]. Next to objective meas-
ures, patient-reported outcomes measures (PROMs) serve
as supplementary instrument in survivorship care, aiding
in the detection of cancer- and treatment-related effects and
symptoms, aligning with a patient-centred approach. It is
crucial to integrate long-term survivorship and AYA-specific
PROMs and HRQoL instruments, including multidimen-
sional PRO instruments for assessing cognitive issues as
well as BT-specific items.

Limitations

To the best of our knowledge, this is the first study to inves-
tigate the association of physical and psychological adverse
health outcomes and HRQoL in long-term AYA-BT survi-
vors. However, potential sources of bias and limited gener-
alisability must be considered.

First, its cross-sectional design restricts understanding
of changes in HRQoL, onset, and trajectories in symptom
perception across the time since diagnosis, and only statisti-
cally associations were revealed. Further, the small sample
size of participants together with the heterogeneity of the
populations led to methodological restrictions, emphasising
the explorative nature of our analyses. Regarding the sample,
it should be noted that it reflects a highly selected subgroup
of AYA-BT patients surviving > 5 years. Further, individuals
with severe cognitive impairment due to the disease and its
treatment did not participate and hence were not considered
in our study. Thus, we lack information on non-responders.
Additional limitations include the lack of comparisons with
the general population regarding HRQoL and adverse health
outcomes, as well as the absence of data on specific symp-
toms relevant to BT survivors, such as motor dysfunction.
Moreover, the QLQ-C30 used within SURVAYA is partly
too generic to measure all issues of relevance in AYA-BT
survivors. Lastly, concerns over the reliability of self-
reported data can be raised. However, using validated and
multidimensional PROMs alongside objective measures to
examine the critical issue of (neuro-)cognitive impairments
is reliable for comprehensive assessment.

Conclusion

This study examined physical and psychological adverse
health outcomes in long-term AYA-BT survivors, shedding
light on their HRQoL and the impact of adverse health out-
comes on various dimensions of HRQoL. Findings reveal
that AYA-BT survivors face significant burdens such as
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fatigue, a variety of medical conditions, neurocognitive
issues, and future uncertainty, with most adverse health out-
comes negatively impacting HRQoL. This study highlights
the need for a comprehensive and multidisciplinary approach
to survivorship care, including prevention, surveillance, and
management of adverse health outcomes to enhance the
quality of AYA-BT survivorship.
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