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Abstract

Background Patients with glioblastoma (GB) not only suffer from a life-threatening oncological disease but also
present with severe neurological symptoms and high psychosocial distress. The unfavorable prognosis and the early
decline in neurological functions and activities of daily living, such as mobility, lead to a significant deterioration in
quality of life aspects. The need for palliative care (PC) therefore arises at an early stage and increases as the disease
progresses but is often inadequately assessed and treated.

Methods In this single-center, retrospective study, we investigated prognostic factors, survival outcomes and
neuro-oncologically focused primary palliative care (nPPC) as well as specialized palliative care (SPC) interventions.
Pearson’s Chi-square test and an univariable and multivariable binary logistic regression analysis were used to test the
independence between categorical variables and the correlation between SPC and tumor-specific therapy prior to
death. The Kaplan-Meier method and a multivariable Cox regression analysis were performed to estimate the impact
of SPC on survival.

Results A cohort of 274 patients with GB was investigated, of whom 251 (91.6%) received nPPC and 210 (76.6%) SPC.
Patients with SPC (p<0.001; OR: 0.302; 95% Cl: 0.157-0.584) and patients with methylation of the MGMT promoter
region (p=0.005; OR: 0.375; 95% Cl: 0.190-0.739) were less likely to receive a tumor-specific therapy in the 30 days
prior to death. Median overall survival was 16.9 months (95% Cl: 14.5-19.3 months) for patients with SPC (n=210) vs.
12.9 months (95% Cl: 10.8-15.1 months) for patients without (n=64) (p=0.100; not significant). The Cox proportional
hazards model demonstrated that SPC significantly correlates with longer overall survival (p=0.017; HR: 0.707; 95% Cl:
0.532-0.939).

Conclusion This study revealed a broad availability of PC interventions for patients with GB. After adjustment of
known prognostic factors, an association between SPC supply and prolonged OS was observed. Utmost efforts
should be made to incorporate PC into the care of every patient within a standardized framework. Data on PC in
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patients with GB is still rare; therefore, further research should be made to improve PC in this highly burdened patient

group.

Keywords Brain tumor, Glioblastoma, Palliative care, Primary palliative care, Specialized palliative care, Neuropalliative

care, Overall survival

Introduction

Glioblastoma (GB), isocitrate dehydrogenase wild type
(IDHwt) (CNS WHO grade 4) [1], is the most common
primary brain tumor diagnosed in adults [2]. The median
overall survival (mOS) of all patients with GB remains
unfavorable at 15-48 months according to meaningful
clinical studies (depending on O-6-methylguanine-DNA
methyltransferase (MGMT) promoter methylation status,
treatment regimen, and WHO classification applied) [3—
5]. Real-world data from the most recent CBTRUS report
(2018-2022) reported a mOS of 8 months in patients
with GB in the United States, with a one-year survival
rate of only 48.7% [2]. Among therapy-independent prog-
nostic factors, sex, age at first diagnosis, extent of resec-
tion, Karnofsky Performance Status Scale (KPS) at first
diagnosis [4] and MGMT promoter methylation status
are important prognostic factors [3].

Patients with GB not only suffer from a life-threaten-
ing oncological disease, but also from a severe neuro-
logical symptom burden including intracranial pressure,
epileptic seizures, focal neurological symptoms such as
hemiparesis and aphasia, neurocognitive dysfunction
and personality changes as well as side effects of tumor
therapies [6—10]. In addition to symptoms, patients feel
distressed by limitations of their mobility, ability to work,
social network and enjoyment of life [6, 11]. This entails a
high psychosocial and emotional burden on patients and
their caregivers, leading to reduced health-related quality
of life (HR-QoL) [12-14].

Owing to the palliative character of GB, there is a high
demand for palliative care (PC) throughout the course of
the disease [15]. Here, primary palliative care (PPC) as
well as specialized palliative care (SPC) are crucial [16].
PPC is provided by any medical practitioner and remains
an integral part of standard care for critically ill patients.
It covers basic symptom management (e.g. pain, depres-
sion) and initiates first conversations about prognosis
and end of life. In specialized neuro-oncological care,
this is frequently undertaken by neuro-oncologists, so we
refer to this as neuro-oncologically focused primary pal-
liative care (nPPC).

In contrast, SPC is carried out by palliative care spe-
cialists. SPC intervenes when symptoms are complex and
the course of disease requires intensified psychosocial
management [16—18]. SPC occurs in various inpatient
and outpatient settings that all ensure integrative and
interdisciplinary PC [19-21]. Inpatient palliative consul-
tations are not equally accessible to all inpatients due to

regional and structural differences [20]. Specialized pal-
liative outpatient care (SPOC) tries to prevent hospital-
ization, enabling patients to live and die in their familiar
environment [21].

The need for PC is often inadequately recognized, as
assessment of symptoms is time-consuming and war-
rants awareness of the problem. As part of neuro-onco-
logical certification systems, a screening for PC needs is
often included [22]. Also based on these innovations, PC
in neuro-oncology has gained more attention in recent
years [18]. However, the evidence on PC - in particular
on early PC - for patients with GB is still limited [23] and
despite the overall intense research on glioma, topics on
end-of-life care, HR-QoL, and psychosocial aspects are
still underfocused [24]. The EANO guideline on pallia-
tive care of 2017 was the first that includes standards on
symptom management, needs of patients and their care-
givers and end-of-life care in neuro-oncology [25].

Still, studies are heterogenous and mostly retrospec-
tive in their design and show that the prevalence of SPC
in patients with glioma differs substantially, with rates
between 3% and 40%, depending on the tumor enti-
ties included and the treatment situation [26-29]. In
most studies, SPC is integrated late in the course of the
disease. In one study from 2013, the median time from
first diagnosis to SPC referral was 111 days, whereas the
median time from SPC referral to death was only 33 days
[9]. More recent data also demonstrate that patients with
high grade glioma are only referred to SPC in the end-
of-life phase [27]. Overall, the number of patients who
receive early PC remains small [30]. A recent prospec-
tive clinical study investigated the influence of early inte-
gration of PC (< 4 weeks after first diagnosis/recurrent
diagnosis) on QoL of patients with GB and caregiver bur-
den in a two-arm, randomized setting [31]. An analysis
adjusted for time of death demonstrated an improvement
in QoL of patients in the intervention group with early
integration of PC. Data on survival outcomes for patients
with GB depending on receiving PC are heterogeneous.
The above-mentioned prospective study indicated a
reduced OS for the intervention group with early integra-
tion of PC compared to the control group [31]. A retro-
spective analysis by Pando et al. including 85.380 patients
with GB diagnosed between 2004 and 2017 observed a
shorter two-year-survival in patients with PC compared
to patients without PC, although it should be noted that
PC was only observed in 3.28% of the study population
[29]. Wu et al. retrospectively investigated data from
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1997 to 2016 and found that the median survival time for
GB patients with early PC integration was shorter than
for patients without PC, while longer median survival
times were observed in patients with late PC integra-
tion [30]. However, a retrospective analysis by Crooms
et al. indicates that there may be a survival advantage for
patients with high-grade gliomas who had early PC con-
sultation compared to PC consultation at the end of life
[27]. Furthermore, a systematic review by Koekkoek et al.
concludes that the (early) integration of PC is essential to
adequately address the needs of patients and caregivers,
but the data available is still considered sparse [32].

Overall, data on PC in neuro-oncology are still sparse
and heterogenous. Hardly any study examines both PPC
and the various forms of SPC. Therefore, we investigated
a range of PC interventions in patients with GB, which
were related to prognostic factors as well as outcomes,
providing a basis for a rational approach to PC in patients
with GB.

Total patient cohort
n =641
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Materials and methods
Study population
Patients with GB, IDHwt (CNS WHO Grade 4) [1] who
were registered in the local tumor registry between Janu-
ary 2014 and February 2024 and filed in our hospital data
management system were included in this retrospective
single-center study. Main inclusion criteria were an age at
diagnosis of 18 or above, a neuropathological diagnosis of
GB, according to the WHO classification of 2021, at least
two outpatient visits after diagnosis, main residence in
Germany and death before end of study (Fig. 1). Patients
who were still alive at the time of the last data assessment
were excluded for statistical reasons, as the data on PC
interventions is incomplete and censoring can lead to an
overestimation or underestimation of survival times.
Figure 1 lists the exclusion criteria in more detail
according to the number of patients and reasons for
exclusion. Cohort I comprises all eligible patients, which
are divided into Cohort II (patients with PC) and patients
without PC. Cohort III includes all patients who received
nPPC, while Cohort IV represents patients with SPC
(detailed information is provided in Fig. 1).

Exclusion criteria:

Age at diagnosis <18 years (n = 3, 0.5%)
No IDHwt GB (n = 69, 10.8%)

No outpatient visit (n = 176, 30.9%)
Only one outpatient visit (n = 64, 16.3%)

Eligible patients (cohort 1)
n=274(42.7 %)

Main residence abroad (n =1, 0.3%)
Alive at end of study or unknown date of death
(n=54,16.5%)

AUV A WN

Ineligible patients
n=367(57.3%)

Patients without PC

v
Patients with PC (cohort Il)
n =269 (98.2 %)

" n=5(1.8%)

Patients with nPPC (cohort Ill)
n=251 n=210
* nPPConly(n=59,23.5%)

* nPPCand SPC (n = 192, 76.5%)

Patients with SPC (cohort IV)

* SPConly (n =18, 8.6%)
« nPPC and SPC (n =192, 91.4%)

Fig. 1 Patient cohorts regarding inclusion and exclusion criteria. Abbreviations: IDHwt, Isocitrate dehydrogenase wild type; PC, palliative care; nPPC,
neuro-oncologically focused primary palliative care; SPC, specialized palliative care
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Sociodemographic, clinical and treatment factors

Important demographic factors included date of birth,
sex, age at first diagnosis, place of main residence and
place of death. According to the WHO classification
of 2021 [1], the histological or molecular diagnosis of
GB was assessed. Patients who were initially diagnosed
before 2021 underwent neuropathological reclassifica-
tion according to the criteria of the 2021 WHO classifica-
tion. Sex, age at first diagnosis, extent of resection, KPS
at first diagnosis [33] and MGMT promoter methylation
status were recorded as relevant prognostic factors. KPS
is an established tool for assessing functional status in
neuro-oncology and is an important aspect of prognosis
assessment and treatment decisions [34]. Clinical and
treatment-related aspects comprised primary therapy as
well as date and type of any relapse/progression therapy,
and the KPS at the respective stage of therapy. The last
documented KPS refers to the most recent tumor pro-
gression in each patient. All abovementioned parameters
were drawn from the electronic medical records.

Primary palliative care

In the context of this study, nPPC refers exclusively to
the PPC that has been provided by neuro-oncologists at
the Regensburg Brain Tumor Center. To qualify as nPPC,
symptoms were not treatment-related side effects and
were not based on the pre-morbid medical history of the
patient. The start date of nPPC, initial symptoms and
medical interventions were assessed and documented
from electronic patient records. The symptoms were
assigned to categories in line with the SPOC prescription,
which were divided into subcategories in consultation
with a panel of experts consisting of neuro-oncologists
and PC specialists (Supplementary Table 1). Validity
checks were carried out repeatedly to ensure good inter-
rater reliability. For this purpose, data was assessed, and
symptoms were assigned to categories/subcategories
independently by two researchers (LML and EB). Possi-
ble discrepancies were discussed and led to modification.

Specialized palliative care

In view of SPC, the start date of SPC and all types of SPC
interventions were further evaluated in detail. For inpa-
tient palliative consultation, the start date, number of
contacts and indications were drawn, and the reasons for
consultation were assessed as symptoms of complex pal-
liative care, consultation at first diagnosis, therapy goal
setting, care coordination and other indications (Supple-
mentary Table 2).

In evaluating the outpatient sector, the respec-
tive SPOC teams were individually queried. Patients
were allocated to at least one SPOC team according
to the postal codes of their main residence. An indica-
tion for SPOC is typically based on severe pain and/or
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neurological/psychiatric/psychological, cardiac/respira-
tory or gastrointestinal symptoms, ulcerating/exulcer-
ating wounds/tumors, urogenital symptoms and some
other symptoms (Supplementary Table 3) [35]. The sur-
vey also included standardized questions on start, dura-
tion and indication of SPOC, and number of in-person
and phone contacts with SPOC. We further queried data
on stays in a palliative care unit (PCU), hospice care and
place of death. For patients who were not cared for by
SPOC, we contacted their primary care physician for fur-
ther information.

Study endpoints

The endpoints of our study include the receipt of tumor-
specific therapy within the last 30 days prior to death, the
OS and progression-free survival (PES). Tumor-specific
therapy contains interventions such as surgery, system
therapy and radiotherapy. Supportive therapy such as
antiseizure medication, corticosteroids and bevacizumab
as therapy for cerebral edema was excluded. The PFS was
defined as the time from diagnosis up to first relapse/pro-
gression or death.

Statistics

Pseudonymized data were assembled and recorded in
IBM SPSS (Chicago, IL, USA) Statistics (Version 29).
Continuous data was displayed as means, medians, stan-
dard deviations, minima, and maxima. A Student’s t-test
was applied to compare the mean values in the case of a
normal distribution of continuous variables. Categorical
variables were characterized as absolute frequencies and
relative percentages. The Pearson’s chi-square test was
performed to test the independence between categorical
variables. The Fisher’s exact test was applied if the sam-
ple size was too small. The level of significance was set at
p<0.05.

The correlation between SPC and tumor-specific
therapy within the last 30 days before death was investi-
gated with an univariable and multivariable binary logis-
tic regression analysis. Possible prognostic confounders
were assessed. A cut-off p-value of p<0.2 in the univari-
able binary logistic regression analysis was defined as a
selection criterion for possible confounders for the mul-
tivariable binary logistic regression analysis. The level
of significance was set at p<0.05 in the multivariable
analysis.

The Kaplan-Meier method was used to estimate OS
and PFS. Differences between groups were compared
using the two-sided log-rank test with a level of signifi-
cance at p<0.05. A Cox proportional-hazards regres-
sion model was applied to assess the impact of SPC on
OS and PFS. As possible confounders were included: sex,
age at diagnosis, KPS at first diagnosis, MGMT promoter
methylation and extent of resection. Parameters which
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were significant at the p<0.2 level in the univariable cox
regression analysis were included in the multivariable
analysis. The level of significance was set at p <0.05.

We defined SPC exposure as receipt of one or more
SPC interventions after first diagnosis and therefore
treated SPC as a time-fixed covariate (ever vs. never dur-
ing the window). This reflects our interest in the asso-
ciation between receipt of SPC services and OS from
diagnosis. Alternative approaches such as landmark anal-
yses or time-dependent Cox models that treat SPC initia-
tion as a time-varying treatment answer different causal
contrasts (effects of initiating SPC at a particular time
among survivors, or immediate hazard changes after
SPC start) and are vulnerable here to selection bias or
confounding by indication given that SPC is an ongoing,
non-randomized service typically initiated in response to
clinical deterioration.

Table 1 Demographic and clinical characteristics of cohort |

(h=274)
Valid Number Percent
Age at first diagnosis 20.0-49.9 33 12.1%
(years) 50.0-59.9 90 32.8%
60.0-69.9 95 34.7%
>70 56 20.4%
Sex Male 158 57.7%
Female 116 42.3%
MGMT Methylation Status  No Methylation 157 57.3%
Methylation 17 42.7%
KPS at first diagnosis <70 12 4.4%
70-80 79 28.8%
90-100 183 66.8%
Epilepsy No 75 27.4%
Yes 199 72.6%
Psycho-oncological care No 153 55.8%
Yes 121 44.2%
nPPC and SPC Neither nor 5 1.8%
Yes, both 192 70.1%
Only nPPC 59 21.5%
Only SPC 18 6.6%
nPPC No 23 84%
Yes 251 91.6%
SPC No 64 23.4%
Yes 210 76.6%
Place of death At home 111 40.5%
PCU 50 18.2%
Hospice 31 11.3%
Hospital 31 11.3%
Nursing home 12 4.5%
No data available 39 14.2%
Total 274 100%

Abbreviations: MGMT  O-6-methylguanine-DNA  methyltransferase, KPS
Karnofsky Performance Scale, nPPC Neuro-oncologically focused primary
palliative care, SPC Specialized palliative care, PCU Palliative care unit
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Ethical and regulatory framework

The study was approved by the Regensburg University
Institutional Ethics Review Board (vote no. 24-3606-104).
Owing to the retrospective character of this analysis, no
informed consent was required in accordance with local
regulations. The data protection concept of the Depart-
ment of Neurology — NeuroOncology at Regensburg
Brain Tumor Center, which operates within the frame-
work of the European General Data Protection Regula-
tion and relevant national legislation, was applied. Our
study was conducted in accordance with the STROBE
checklist for observational studies (Supplementary Table
4).

Results

Patient cohorts and characteristics

A data query at the Regional Cancer Center identified
641 patients who were diagnosed with GB between Janu-
ary 01, 2014, and February 28, 2024, of whom 274 (42.7%)
met the pre-specified inclusion criteria (Fig. 1, cohort I).
Data on nPPC were available in all patients. Amongst
them, we identified 138 patients with SPOC (50.4%); data
were acquired in 137 of them (99.3%). A data request was
sent to the primary care physician for patients who could
not be identified by a SPOC team in 136 cases (49.6%),
and 121 (89.0%) primary care physicians fully completed
the request.

In cohort I, 158 (57.7%) patients were male and 151
(55.1%) were older than 60 years at first diagnosis.
The MGMT promoter was methylated in 117 patients
(42.7%), and 183 (66.8%) patients presented with a KPS
of 90 or above, 79 (28.8%) patients with a KPS of 70-80,
and 12 (4.4%) with a KPS below 70 at first diagnosis. Two
hundred and sixty-nine (98.2%) patients received either
nPPC or SPC or both (cohort II); of these, 251 patients
received nPPC (cohort III; including nPPC only, n=59,
and combined nPPC/SPC, n=192) and 210 patients SPC
(cohort IV; including SPC only, #=18, and combined
nPPC/SPC, n=192) (Table 1, Supplementary Tables 1
and 2). Age at first diagnosis and sex did not differ nota-
bly from the overall cohort (Supplementary Tables 5 and
6). Details on the course of therapy can be obtained from
the authors upon reasonable request.

Place of death

In cohort I, 111 (40.5%) patients deceased at home,
whereas 50 (18.2%) patients deceased at a PCU, 31
(11.3%) at hospice, 12 (4.4%) patients in a nursing home
and 31 (11.3%) in other medical departments of a hos-
pital (Table 1). Details on cohort III and IV are shown
in Supplementary Tables 5 and 6. In cohort IV, we fur-
ther investigated whether SPC correlates with the place
of death. Patients who deceased out of hospital received
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significantly more often SPC (89.0% vs. 75.3%; p=0.006)
(Table 2).

Neuro-oncologically focused primary palliative care (nPPC)
Characteristics of nPPC interventions

At the beginning of nPPC, 177 (70.5%) patients in cohort
III were without relapse/progression, and 120 (47.8%)
presented with a KPS of 90 or above (Supplementary
Table 5). The mean time from first diagnosis to start of
nPPC was 22.5 weeks; 21 (8.4%) patients received nPPC
already before the initial diagnosis, 51 (20.3%) within the
first week of diagnosis and 59 (23.5%) within 1-10 weeks.
Patients obtained their first nPPC intervention on aver-
age 13 months before death, with 109 (43.4%) patients
with their first nPPC intervention more than 12 months
before death (Supplementary Table 5).

Symptoms and indications of nPPC

The most common symptom that did lead to the first
nPPC intervention was seizures in 55 patients (21.9%).
Additional nPPC interventions were caused by other
neurological symptoms in 122 patients (48.6%) and non-
neurological symptoms in 74 patients (29.5%) (Supple-
mentary Table 7). During the entire course of disease, the
most common indications of nPPC interventions were
neurological symptoms in 241 patients (96%), followed
by psychiatric symptoms in 138 patients (55.0%) and pain
in 63 patients (25.1%) (Supplementary Table 8).

Specialized palliative care (SPC)
At the beginning of SPC, 66 (31.4%) patients presented
with a KPS below 70 and a majority of 126 (60.0%)
patients were in second or later relapse/progression
(Supplementary Table 6). The mean time from first diag-
nosis to start of SPC was 72.4 weeks. Within 9-50 weeks
of first diagnosis, 77 (36.7%) patients received their first
SPC contact, whereas only 8 (3.8%) patients had their first
contact within 8 weeks after diagnosis. The mean period
from the start of SPC to death was 13.3 weeks, whereas
78 (37.1%) patients received their first SPC intervention
within 3—-10 weeks before death (Supplementary Table 6).
In cohort IV, 129 (61.4%) patients received inpatient
SPC, of these 80 (38.2%) with inpatient palliative consul-
tation and 82 (39.0%) on PCU (Supplementary Table 6).
In the outpatient setting, 138 (65.7%) patients received

Table 2 Place of death in relation to SPC
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long-time care from a SPOC, while 13 (6.2%) patients had
a single contact with SPOC. A total of 31 (14.8%) patients
were taken care of in the hospice (Supplementary Tables
6 and 9 to 15).

SPC and tumor-specific treatment at the end of life
Patients who had at least one SPC consultation (7 =210)
did not receive tumor-specific treatment in the 30 days
prior to death in 83.3% (n=175) of cases, while 16.7%
(n=35) did receive tumor-specific treatment. The
Pearson’s Chi-square test showed a significant differ-
ence between both groups (p<0.001) (Supplementary
Table 16). Next, a multivariable binary logistic regression
analysis confirmed that patients who received SPC were
significantly less likely to have a tumor-specific therapy in
the last 30 days prior to death (p<0.001; OR: 0.302; 95%
CL: 0.157-0.584) (Table 3). Furthermore, patients with
methylation of MGMT promoter had the same number
of progressions/relapses than patients without (p =0.604)
and received the same number of systemic treatments
(p=0.245) but were less likely to receive a tumor-specific
therapy in the last 30 days before death (p=0.005; OR:
0.375; 95% CI: 0.190-0.739). Age at first diagnosis, sex
and last documented KPS showed no significant influ-
ence on the receipt of a tumor-specific therapy at the end
of life (Table 3).

SPC and survival

Next, we analyzed the association between SPC and
survival. The mOS was 16.9 months (95% CI: 14.5-19.3
months) in patients with at least one SPC consultation
(m=210) vs. 12.9 months (95% CI: 10.8—15.1 months)
in patients without (n=64) (p=0.100) (Supplementary
Fig. 1). In exploratory analyses, 148 (70.5%) patients with
at least one SPC consultation vs. 37 (57.8%) without were
alive at one year and 63 (30.4%) vs. 15 (23.4%) were alive
at two years after diagnosis (Supplementary Fig. 1). The
multivariable Cox proportional-hazards model showed
that receiving at least one SPC consultation is associated
with a longer OS (p=0.017, HR: 0.707; 95% CIL: 0.532—
0.939) (Table 4). Furthermore, the following parameters
revealed also a significant correlation with extended OS:
female sex (p=0.018, HR: 0.740; 95% CI: 0.577-0.949),
complete resection (p<0.001, HR: 0.615; 95% CI: 0.479—
0.788) and methylated MGMT promoter (p<0.001, HR:

Place of death in hospital

No Yes Total X2
n (%) n (%) n (%) P
SPC No 17 11.0% 20 24.7% 37 15.7% 0.006
Yes 137 89.0% 61 75.3% 198 84.3%
Total 154 100.0% 81 100.0% 235 100.0%

Abbreviation: n Valid number, X2 Pearson’s Chi-square test
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Table 3 Univariable and multivariable binary logistic regression analysis of the influence of clinical characteristics on tumor-specific

therapy in the 30 days prior to death (cohort |, n=274)

Variable Category (n)  Univariable binary logistic regression analysis Multivariable binary logistic regression
analysis
p OR Lower 95%-ClI Upper p OR Lower 95%-Cl Upper
95%-Cl 95%-Cl
SPC No (64) 1.000 1.000
Yes (210) <0.001 0333 0.179 0.621 <0.001 0.302 0.157 0.584
Sex Male (158) 1.000 1.000
Female (116) 0.238 0698  0.384 1.268 0.873 0949 0496 1.813
Age at first diagnosis2 0177 0.983 0.959 1.008 0216 0.983 0.958 1.010
Last documented KPS? 0.066 1.020 0999 1.041 0117 1.017 099 1.040
MGMT promoter methylation No (157) 1.000 1.000
Yes (117) 0.003 0378 0.198 0.719 0.005 0.375 0.190 0.739
Abbreviations: OR Odds Ratio, C/ Confidence Interval, SPC Specialized palliative care, KPS Karnofsky Performance Scale
2Age, as a continuous variable
3KPS, as a categorical variable with 10 point increments
Table 4 Cox proportional-hazards regression model of the influence of clinical aspects on OS (cohort | with n=274)
Variable Category (n)  Univariable cox Multivariable cox
regression analysis regression analysis
p HR Lower 95%-CI  Upper p HR Lower 95%-Cl  Upper
95%-Cl 95%-Cl
SPC No (64) 1.000 1.000
Yes (210) 0.108 0.794  0.600 1.052 0.017 0707 0.532 0.939
Sex Male (158) 1.000 1.000
Female (116) 0.079 0805 0632 1.025 0.018 0.740  0.577 0.949
Age at first diagnosis? 0.003 1.017  1.006 1.028 <0.001 1.028 1.016 1.041
KPS® at first diagnosis 0.147 0993  0.094 1.002 0.367 0995  0.985 1.005
MGMT promoter methylation No (157) 1.000 1.000
Yes (117) <0001 0475 0369 0611 <0001 0379 0289 0.496
Macroscopic complete resection No (157) 1.000 1.000
Yes (117) 0.001 0669 0525 0.852 <0.001 0615 0479 0.788

Abbreviations: OS Overall survival, HR Hazard Ratio, C/ Confidence Interval, KPS Karnofsky Performance Scale, SPC Specialized palliative care

2Age, as a continuous variable
3KPS, as a categorical variable with 10 points increments

0.379; 95% CI: 0.289-0.496). An older age at diagnosis
correlated with a shorter OS (p<0.001, HR: 1.028 per
year; 95% CI: 1.016—1.041) (Table 4).

The median PFS (mPFS) did not differ significantly
between the two groups: mPFS was 7.8 months (95% CI:
6.763—-8.941 months) for patients with at least one SPC
consultation (7=210) vs. 7.1 months (95% CI: 6.002—
8.191 months) for patients without (n=64) (p=0.775)
(Supplementary Fig. 2). In exploratory analyses, 53
(25.2%) vs. 17 (26.6%) patients with at least one SPC con-
sultation were relapse/progression-free and/or alive at
one year after diagnosis and 17 (8.1%) vs. 5 (7.8%) at two
years after diagnosis (Supplementary Fig. 2). In accor-
dance with this, our multivariable Cox proportional-
hazards model demonstrated no significant correlation of
SPC and PES (p=0.496). Hence, patients with a complete
resection (p<0.001, HR: 0.651; 95% CI: 0.509—-0.833) and
patients with a methylated MGMT promoter (p<0.001,

HR: 0.401; 95% CI: 0.306—0.527) had a prolonged PES
(Supplementary Table 17).

Discussion
Data on the impact of PC on the clinical course and
survival of patients with GB are scarce [23]. In this ret-
rospective study, we evaluated different types of PC
interventions and their association with treatment pat-
terns and outcomes in a single-center sequential cohort
of 274 patients with GB. To our knowledge, this study
marks the first complete evaluation of inpatient and out-
patient nPPC and SPC interventions in patients with GB.
Whereas the positive impact of PC on symptom con-
trol and HR-QoL on patients with a life-limiting dis-
ease has been proven in several studies [36], data on the
association of PC and survival outcomes, particularly
in GB, is scarce and heterogenous. Our retrospective
study contributes new scientific insights highlighting an
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association between SPC and prolonged OS in patients
with GB in a real-world setting. In some clinical studies,
partly retrospective [29, 30] but also prospective [31], a
correlation between PC and reduced survival in patients
with GB was observed. There is also data suggesting
a positive association of survival outcomes and PC in
patients with GB depending on PC referral prior to end
of life or during end of life [27]. However, comparability
is severely restricted due to methodological differencies:
some studies covered different time periods [27, 29-31],
PC rates were low [29], or the aim was to investigate
early integration of PC [30, 31]. Two published studies in
patients with gliomas had severe weaknesses, as they did
not exclusively refer to GB and they did not regard both
inpatient and outpatient SPC, leading to a underreport-
ing of PC interventions [23, 29]. Other studies focused on
comparing early and late integration of PC [27, 29, 31],
whereas in our setting, PC supply was included irrespec-
tive of timing. Our study does not oppose previous pub-
lications on this point, but rather enriches them with a
real-world setting.

There are some hypotheses to consider regarding the
association between SPC and prolonged survival in this
cohort. This could be due to a slower disease progres-
sion that allows integration of SPC, while patients with a
rapid progression may not have enough time to integrate
SPC. However, we hypothesize that improving symp-
tom control and HR-QoL enhances the patients" overall
health and may lead to prolonged survival, as shown in
other tumor entities [37, 38]. SPC is based on a multi-
dimensional approach with validated assessments and
established therapeutic interventions that go beyond the
scope of nPPC. Therefore, the inclusion of SPC in stan-
dard neuro-oncological care, especially at an early stage
of the disease, may help to ensure the most appropriate
and effective as well as tolerable administration of cancer
therapy.

In our cohort, more than 90% of patients with GB
received nPPC, and the indications for nPPC were pri-
marily neurological. This study was conducted in a
neuro-oncological setting, so neurological indications
were reliably recorded, but indications from other spe-
cialties may have been underestimated. Nevertheless, this
highlights, that the medical needs of this patient group
are not equivalent to those of other tumor entities and
require special expertise for their treatment [39]. This
also emphasizes that neuro-oncologists must be alerted
in view of PC needs and interventions. While PPC is
gaining importance in almost all specialist areas and first
efforts are being made to define nPPC interventions for
neurological patients more precisely [18], nPPC is not yet
an integral part in most neurological residency programs
[40].
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Recent published data reveal a heterogeneous SPC rate
in neuro-oncological patients varying between 3 and 40%,
depending on the specific tumor entity, the definition of
SPC interventions and the method of data collection [26—
29]. The level of SPC supply in our patient cohort exceeds
the literature references by far, with 76.6% of patients
receiving SPC. The reasons for that superior rate must
be evaluated in more detail, but they may be, amongst
others, that our study was performed in an established
certified brain tumor center with a direct affiliation to
a university PC center and that we included both inpa-
tient and outpatient settings. In our SPC cohort, 65.7% of
patients were integrated into a SPOC team, reflecting the
high needs that reach beyond an inpatient stay. The high
rate could also be a hint that the implementation of SPC
in patients with GB is advancing. Interestingly, amongst
the German neuro-oncological certification system that
includes a mandatory evaluation of palliative needs from
2023 on, the rates of PC integration vary from 0 to 100%
with a median of 26.2% in 2022 [41]. To date, only 35% of
neuro-oncological sites in Germany include PC special-
ists in tumor boards [42]. An increased attendance by PC
specialists could reduce the barriers to initiation of SPC
and strengthen interdisciplinary cooperation.

Nonetheless, PC integration typically occurs late. The
mean time from first diagnosis to start of SPC was 72.4
weeks, with only 8 patients (3.8%) referred to SPC within
8 weeks of diagnosis - contrary to the ASCO guidelines,
which recommend early integration within 8 weeks of
first diagnosis [43]. A survey among 46 German neuro-
oncology sites showed that only 28% of sites refer their
patients to PC within first diagnosis [42]. Owing to the
rapid progression, high symptom load and reduced life
expectancy of patients with GB, the integration of SPC
can be unfortunately considered as delayed in most cases.

Several studies proved that SPC is of high benefit for
cancer patients [36]. There is recent evidence, that early
integration of PC improved QoL, mood and PC problems
in patients with GB [31]. However, there are remaining
barriers to the initiation of SPC in clinical practice, espe-
cially at an early stage of the disease. This may include
persistent stigmatization of SPC, leading to the assump-
tion that SPC is not compatible with tumor therapy and
is inevitably associated with the end of life [44, 45]. This
problem is not only evident in the area of SPC, but also
analogously in PC in hospices, which further underscores
this point [46, 47]. We hypothesize that an international
definition of early integration of SPC and standardized
screening assessments for SPC needs is essential. How-
ever, cultural and regional specifications may interfere
with such a standardization.

Importantly, we demonstrated that patients who
received SPC were significantly less likely to have a
tumor-specific therapy in the last 30 days prior to death,
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consistent with the results of previous studies [48]. In
accordance to international guidelines, patients with a
KPS below 70 are considered ineligible for tumor ther-
apy, at least in a non-curative setting [25]. However, no
association between the last documented KPS and the
receipt of tumor-specific therapy within the last 30 days
of life could be observed. It should be noted that the
last documented KPS refers to the most recent tumor
relapse/progression in each patient and therefore a tem-
poral variation in this parameter may appear. To this
day, simultaneous tumor-specific therapy and PC is not
standard practice. A recommendation for early integra-
tion of PC clearly argues against this strict separation of
tumor-specific therapy and PC, as commonly done in the
USA [43], the Netherlands, Australia and New Zealand.
We therefore advocate to overcome this strict separation,
enabling a simultaneous application of both tumor-spe-
cific therapy and PC.

Remarkably, patients with a methylated MGMT pro-
moter status are less likely to receive tumor-specific ther-
apy in the last 30 days before death. Although the patient
group with MGMT promoter methylation in our cohort
does not differ in the total number of relapse/progression
therapies, the treatment regimens are most likely spread
over an extended period, as the disease of these patients
is frequently progressing less rapidly [4]. Differences in
the extent of treatment and care requirements exist even
within the same tumor entity, so further research on
treatment factors associated with PC referral is needed.

There are several limitations to this study. This is a sin-
gle-center analysis in a certified brain tumor center with
a direct affiliation to a certified university PC center and
a wide rural outreach. Results may vary in multi-center
studies or in centers with a more urban population, dif-
ferent sociodemographic, cultural background or with-
out an established brain tumor or PC center. However,
the Regensburg Brain Tumor Center represents average
quality standards of the German certification system.
Furthermore, due to the retrospective design, it is pos-
sible that symptoms and PC interventions are not fully
recorded. The retrospective assignment of symptoms to
categories and subcategories may also be subject to bias,
although we have performed repeated validity checks.
However, the high rate of both nPPC and SPC suggests
that the documentation is largely complete. Furthermore,
recording PPC by primary care physicians was not pos-
sible owing to a lack of documentation. However, we
consciously focused on collecting data on nPPC, as this
is a special feature of care for patients with GB in a brain
tumor center setting. As a result of the retrospective
design, the timing of data collection, such as the last doc-
umented KPS, varies according to the individual clinical
course, which may lead to a potential inaccuracy. Patients
who were still alive at the time of the last data assessment
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were excluded from the analysis for methodological rea-
sons, which could, however, lead to bias. Lastly, the ret-
rospective nature of the study did not allow us to include
caregivers. Future research should address the problems
of caregivers and their potential for the patient’s disease
trajectory.

This study also contains important strengths. We ana-
lyzed a large and homogeneous cohort of patients with
GB, reclassified in the WHO classification from 2021,
who were treated at a major brain tumor site over a
period of 10 years. By collecting data not only from medi-
cal records, but also through personal queries of SPOC
teams and primary care physicians, it was possible to
achieve a high level of data quality. In addition, we col-
lected data from the inpatient and outpatient setting, and
data from nPPC and SPC, making this cohort unique in
literature.

As a major result, we show a positive association
between OS and SPC in our Kaplan Meier estimation as
well as multivariable regression analysis. The next steps
will be to verify our data in an independent cohort and
to develop a prospective strategy for the early and full
implementation of PC for patients with GB.

Conclusion

We conclude that patients with GB benefit from the
implementation of both nPPC and SPC. As this is not
standard for all patients with GB, utmost efforts should
be made to incorporate PC into the early care of every
patient with GB within a standardized framework.
This study further highlights the importance of future
research on a cross-sectional approach to identify PC
needs as well as the kind and frequency of interventions
in this highly burdened patient group, including care-
givers. Demographic changes and more effective tumor
therapies may lead to an increase in long-term disease
trajectories and less rapid progression, which will make
PC even more relevant in the future. Therefore, further
research should focus on the ideal timing of PC inte-
gration and on identifying patient groups who are most
likely to benefit from PC.
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