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Abstract

Background: Patients with progressive primary brain tumors commonly develop a spectrum of physical as well as
cognitive symptoms. This places a large burden on family members and the condition’s complexity often requires
frequent health care contacts. We investigated potential associations between sociodemographic or socioeconomic
factors, comorbidity or receipt of specialized palliative care (SPC) and acute healthcare utilization in the end-of-life
(EQOL) phase.

Methods: A population-based retrospective study of all adult patients dying with a primary malignant brain tumor
as main diagnosis in 2015-2019 in the Stockholm area, the most densely populated region in Sweden (N=780).
Registry data was collected from the Stockholm Region’s central data warehouse (VAL). Outcome variables included
emergency room (ER) visits or hospitalizations in the last month of life, or death in acute hospitals. Possible explana-
tory variables included age, sex, living arrangements (residents in nursing homes versus all others), Charlson Comor-
bidity Index, socio-economic status (SES) measured by Mosaic groups, and receipt of SPC in the last three months of
life. T-tests or Wilcoxon Rank Sum tests were used for comparisons of means of independent groups and Chi-square
test for comparison of proportions. Associations were tested by univariable and multivariable logistic regressions
calculating odds ratios (OR).

Results: The proportion of patients receiving SPC increased gradually during the last year of life and was 77% in the
last 3 months of life. Multivariable analyses showed SPC to be equal in relation to sex and SES, and inversely associated
with age (p <0.01), comorbidity (p=0.001), and nursing home residency (p <0.0001). Unplanned ER visits (OR 0.41)
and hospitalizations (OR 0.45) during the last month of life were significantly less common among patients receiving
SPC, in multivariable analysis (p <0.001). In accordance, hospital deaths were infrequent in patients receiving SPC (2%)
as compared to one in every four patients without SPC (p <0.0001). Patients with less comorbidity had lower acute
healthcare utilization in the last month of life (OR 0.35 to 0.65), whereas age or SES was not significantly associated
with acute care utilization. Female sex was associated with a lower likelihood of EOL hospitalization (OR 0.72). Nursing
home residency was independently associated with a decreased likelihood of EOL acute healthcare utilization includ-
ing fewer hospital deaths (OR 0.08-0.54).
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Conclusions: Receipt of SPC or nursing home residency was associated with lower acute health care utilization
among brain tumor patients. Patients with more severe comorbidities were less likely to receive SPC and required
excess acute healthcare in end-of-life and therefore constitute a particularly vulnerable group.

Keywords: Brain tumor, Palliative care, Healthcare utilization, Hospital, Register

Background

In Sweden, about 1300 persons are diagnosed with a
brain tumor each year. The median survival for the most
common high-grade primary brain tumor in adults, glio-
blastoma, is in the range of 16—-21 months, with very few
long-term survivors [1] and in fact, brain tumors consti-
tute the fourth leading cause of years lost to cancer [2].
According to the Swedish National Cause of Death Reg-
ister on average about 600 patients die annually with a
malignant brain tumor as their underlying cause of death.

Already at diagnosis, many brain tumor patients have
disturbing symptoms and might need support and pal-
liative interventions. [3]. At the end-of-life (EOL), most
of these symptoms are aggravated; typically including
headache, nausea, seizures, fatigue, mood and behavio-
ral disorders, reduction in cognitive abilities, and palsies
[3-7]. This places a heavy burden on both patients and
family members whom often become informal caregivers
despite that their need for support is not always acknowl-
edged [8, 9].

The palliative care needs during the EOL might be of a
general nature, which can be provided in nursing homes
or, in acute situations, at acute hospitals. However, most
cancer patients, including those with brain tumors, tend
to have complex symptoms and needs that are best han-
dled by specialist palliative care (SPC) services.

In Sweden, SPC is mainly offered in the form of
advanced palliative home care and, when needed, by hos-
pital palliative care units. Both types of care are staffed
around the clock, with physicians, registered nurses,
physiotherapists, occupational therapists, dieticians,
assistant nurses, and other medical professionals [10].
These services are highly appreciated, both by patients
and their families [10].

In general terms, ASCO (American Society of Clini-
cal Oncology) recommends early integration of pallia-
tive care into standard oncology care [11]. Still, this is not
always the case for persons with brain tumors, in fact
referrals to palliative or hospice care tend to be rather
late, as reviewed by Wu et al. [1].

Previous studies indicate that, receipt of SPC, may
decrease the need for unplanned emergency room (ER)
visits, a care environment that is less than optimal for
palliative care patients, especially in EOL situations
[12]. In contrast, overly aggressive EOL care including
repeated hospitalizations and ICU is often associated

with suboptimal EOL care, according to family caregiv-
ers [13]. In a Swedish context, we previously reported
an inverse association of hospital deaths and EOL care
quality for cancer patients [14].

Several studies [15—17] have highlighted inequity in
cancer care, early in the disease trajectory as well as
in the EOL phase. Inequity is important to detect and
counteract and equal care is a stated goal in the Swed-
ish Cancer plan. Specifically, patients with advanced
life-limiting disease and complex needs should be
offered SPC and the referrals should not depend on
aspects such as sociodemographic factors, socioeco-
nomic status or comorbidity, [17-19].

Relatively little is known about the care received by
brain tumor patients in their last year of life although
some data exist. A case—control study found hospi-
talizations within a month of death to be frequent in
glioblastoma patients [20]. A Canadian study likewise
found the burden of care to be significant in the last
6 months of life for brain tumor patients, and comor-
bidity and age were associated with higher acute care
utilization [21]. An Australian retrospective cohort
study found receipt of palliative care to be inversely
associated with hospital deaths among patients with
malignant glioma [22].

In the present study, we have investigated potential
associations between socioeconomic or sociodemo-
graphic factors, comorbidity or receipt of SPC and end-
of-life acute care utilization among brain tumor patients
in the context of a publicly funded healthcare system.

Aims

To explore possible associations of patient- and care-
related factors, including receipt of specialized pal-
liative care (SPC) in the last three months of life,
comorbidity, socioeconomic or sociodemographic fac-
tors, with acute healthcare utilization in the last month
of life among brain tumor patients.

Methods

The Methods and the Results sections are, when possi-
ble, reported based on the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
criteria [23].



Lindskog et al. BMC Palliative Care (2022) 21:133

Study design
This was a retrospective observational registry data
study based on the Stockholm Region’s central data
warehouse (VAL) and data were collected for five con-
secutive years, 2015-2019. In the Stockholm region, all
appointments, hospital visits, ICD-10 diagnoses, and
major costs are registered by respective caregiver and
stored in VAL. As reporting of data to VAL is manda-
tory for each clinic/care unit, data are complete and
very few values are missing. Each person who has used
public health care during the study years is included in
the VAL database, which also includes most forms of
private care, as private care providers have economic
agreements with the regional council.

The Swedish healthcare system is tax funded and
publicly available to all citizens, which enabled a popu-
lation-based inclusion of study subjects.

Population

All patients over the age of 18 years (childhood cancers
were excluded), who had died during 2015-2019 with a
main diagnosis of malignant neoplasms of brain (ICD-
10 code C71) were included.

Variables

ER visits, hospitalizations during the last month of life
and hospital deaths were used as outcome measures. As
explanatory variables, receipt of SPC, age, sex, living
arrangements (nursing home residents versus all oth-
ers), comorbidities in the form of Charlson Comorbid-
ity Index (CCI), and socio-economic status by means
of Mosaic were used. Mosaic is a system that provides
socio-economic information based on the actual liv-
ing area. Thus, the county of Stockholm is divided into
1300 small areas and each area is classified as Mosaic
1, 2 or 3, mainly based on income and education, but
also, for example, on cultural aspects, lifestyle and liv-
ing arrangements. The three groups are approximately
equal in size. Mosaic group 1 corresponds to the most
affluent areas [24—26]. For each patient, data on living
arrangements and Mosaic groups were based on the
last known address. The CCI is a method of categoriz-
ing comorbidities of patients based on the ICD-10 diag-
nosis codes found in administrative data and is often
used as a proxy for comorbidity burden [27]. The look-
back window was 3 years from the time of death for
each patient. As all included patients had cancer, this
variable was excluded from the CCI index.

Selection bias
Dropouts: As reporting of data to the administrative
databases is mandatory for each clinic/care unit, and
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also basis for each clinic’s economic compensation,
data is complete and very few values are missing.

Nursing home residents: To identify nursing home
residents, registrations of medical interventions by doc-
tors were identified. There are exclusive codes for physi-
cian care in nursing homes.

The Charlson Comorbidity Index: As relevant diag-
noses are registered for each outpatient visit and every
hospitalization, comorbidities relevant to the index have
few missing values.

Mosaic: As Mosaic is based on a permanent or tempo-
rary living address. As a few individuals have no address,
Mosaic cannot be assigned for these persons.

Missing data: There were missing registrations in
MOSAIC for 12 individuals. These were excluded from
the regression analyses.

Study size
The study comprised the whole cohort for the years
2015-2019. Therefore, no power calculation was made.

Statistical methods

T-tests were used for age, Wilcoxon Rank Sum test
(Mann Whitney U test) were used for comparisons with
skew distributions and Chi-square tests for comparison
of proportions. Initially, univariable logistic regression
analyses were performed for relevant variables, which
then were entered into fully adjusted logistic regression
models. The SAS 9.4/Enterprise guide 8.2 was used for
statistics.

Ethics
The study was approved by the Regional Ethical Review
Authority (EPN 2017/1141-31).

Results

Study subjects

We identified 780 patients who died with a malignant
brain tumor as the main diagnosis during the study
period of 2015 — 2019. Table 1 shows the overall charac-
teristics of the cohort. There was a slight male predomi-
nance but sex was not associated receipt of SPC, nursing
home residency during the last year of life, socio-eco-
nomic Mosaic groups or comorbidity. Female patients
were somewhat older, 66.9 years versus 63.8 years
(p=0.002; data not shown in tables). The mean modified
Charlson Comorbidity Index (CCI) was 0.90 (range 0-7),
91% had values between 0-2.

Access to specialized palliative care in the last three
months of life

The proportion of patients receiving specialized palliative
care (SPC) increased gradually during the four quarters
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Table 1 Characteristics and care utilization for 780 patients who
died with a malignant brain tumors as main diagnosis

Characteristics Total (n=780)

Age, mean years (sd) 65.1(14.1)
Mosaic
Group 1, n (%) 238 (31)
Group 2, n (%) 329 (42)
Group 3, n (%) 213 (27)
Cccl
0-1,n(%) 383 (49)
>1,n (%) 397 (51)
SPC (%) ", n (%) 604 (77)
Care in nursing homes, n (%) 160 (21)
Age in nursing homes, mean years 724

MOSAIC groups = socioeconomic entities based on small geographical areas,
Mosaic group 1 corresponding to the most affluent one; SPC specialized
palliative care, CCl Charlson comorbidity index

" Patients receiving SPC in the last three months of life
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of the last year of life as follows: 6%—10%—22%—77%. In
univariable analyses, the proportion of patients with SPC
during the last three months of life was associated with
younger age and lower CCI indices, and inversely with
being a nursing home resident (Table 2). These three var-
iables also remained significant in multivariable analyses,
although the association with age was weakened in the
fully adjusted model. Sex was not associated with receipt
of SPC. Patients belonging to higher socio-economic
Mosaic groups were somewhat more likely to receive
SPC, in univariable comparisons, but the association was
weakened in the full multivariable model.

ER visits during the last month of life

In total, 213/780 (27%) of the patients made unplanned
ER visits, significantly less for those receiving SPC com-
pared to others: 24% versus 39% (p <0.0001) (Table 3). In
logistic regression models, especially receipt of SPC but

Table 2 Factors associated with receipt of SPC during the last 3 months of life among brain tumor patients

Variable Univariable analysis Multivariable analysis
N=780 OR (95% Cl) p-value OR (95% Cl) p-value

Sex
Women 328 0.86 (0.61-1.21) 0.39 1,02 (0.69 - 1.52) 0.90
Men 452 Ref Ref

Socio-economic status
Mosaic group 1 238 1.30(0.92 - 2.14) 012 149 (0.90 - 2.45) 0.12
Mosaic group 2 329 1.84(122-277) 0.003 1.73(1.08 - 2.77) 0.02
Mosaic group 3 213 Ref Ref

Age groups
18 — 64 years 327 7.88 (4.00-15.52) <0.0001 3.03(1.37-6.70) 0.006
65 - 74 years 245 4.38(2.23-858) <0.0001 2.70(1.23-5.93) 0.01
75 - 84 years 165 394 (1.96-7.92) 0.0001 250 (1.11 - 5.66) 0.03
85 years or older 43 Ref Ref

Comorbidity (CCT)
0-1 383 2.22(1.57-3.16) <0.0001 1.90 (1.27 - 2.84) 0.002
>1 397 Ref Ref,

Nursing home resident
yes 160 0.10(0.06 - 0.14) <0.0001 0.11 (0.07-0.16) <0.0001
no 660 Ref Ref

OR Odds ratio, CCI Charlson comorbidity index, MOSAIC groups = socioeconomic entities based on small geographical areas, Mosaic group 1 corresponding to the

most affluent one

Table 3 Acute healthcare utilization during the last month of life among brain tumor patients in relation to receipt of specialized

palliative care

Care utilization Total With SPC Without SPC p-value'
Emergency room visits 213/780 (27%) 144/604 (24%) 69/176 (39%) <0.0001
Hospital admissions 258/780 (33%) 181/604 (30%) 77/176 (44%) 0.0006
Hospital as place of death 60/780 (8%) 14/604 (2%) 46/176 (26%) <0.0001

' Chi-2; SPC =receipt of specialized palliative care in the last three months of life
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also lower CCI indices were inversely associated with
ER visits, both in univariable and multivariable models
(Table 4). Nursing home residency was a non-significant
variable in univariable analysis but became strongly sig-
nificant (inverse association) in the fully adjusted model
with an OR of 0.46 (0.28 — 0.76), p=0.002 (Table 4).

In a separate multivariable analysis where nursing
home residents were excluded, lower CCI indices were
still associated with fewer ER visits and the association
was somewhat strengthened for those receiving SPC
with an OR 0.25 (0.15-0.42), p<0.0001 (data not shown
in Tables). Neither sex, age nor socio-economic Mosaic
groups were associated with ER visits in multivariable
analyses.

Hospitalizations during the last month of life

Acute hospitalizations were needed in 33% of the
patients during their last month of life: in 30% and
44% for those with and without SPC, respectively
(p=0.0006) (Table 3). In the logistic regression models,
the outcomes were in essence similar with the findings
as regards ER visits, except for an inverse association of
female sex and hospitalizations (Table 5). When nurs-
ing home residents were removed from the complete
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multivariable analysis the association between receipt
of SPC and risk of acute hospitalization was further
strengthened with an OR of 0.24 (0.14-0.40), p <0.0001,
whereas the association of CCI and hospitalization
became non-significant with OR of 0.73 (0.51 — 1.04),
p=0.08 (data not shown in Tables).

Acute hospitals as place of death

The characteristics of hospital deaths were similar to
those of unplanned ER visits: receipt of SPC, being
a nursing home resident or having a low CCI were all
inversely associated with hospital deaths (Table 6).
The difference between brain tumor patients receiv-
ing SPC and those who were not was striking: whereas
46/176 (26%) of patients without SPC died in acute
hospitals, the corresponding figure was 14/604 (2%) for
those receiving SPC (p <0.0001) (Table 3). Neither sex,
socio-economic Mosaic groups, nor age groups were
associated with hospital deaths in univariable or mul-
tivariable models (Table 6). This was not changed in a
separate multivariable analysis where nursing home
residents were excluded (data not shown in Tables).

Table 4 Emergency room visits during the last month of life among brain tumor patients

Variable Univariable analysis Multivariable analysis
OR (95% Cl) p-value OR (95% Cl) p-value

Sex
Women 0.86 (0.62-1.19) 0.36 0.83(0.59-1.15) 0.26
Men Ref Ref

Socio-economic status
Mosaic group 1 0.63 (042 - 0.95) 0.03 0.68 (0.44 - 1.04) 0.34
Mosaic group 2 0.73(0.50 - 1.77) 0.11 0.80(0.54-1.19) 0.20
Mosaic group 3 Ref Ref

Age groups
18 — 64 years 049 (0.25-0.94) 0.03 0.55(0.27 - 1.13) 0.10
65 - 74 years 0.57(0.29-1.13) 0.11 0.66 (0.32-1.35) 0.26
75 — 84 years 0.66(0.33 - 1.33) 0.66 0.72(0.34 - 1.50) 038
85 years or older Ref Ref

Comorbidity (CCT)
0-1 0.72 (0.56 - 0.93) 0.01 0.64 (0.46 - 0.89) 0.009
>1 Ref

Palliative care (SPC)
Yes 0.48(0.34 - 0.69) <.0001 041 (0.27 - 0.63) Ref <0.0001
No Ref

Nursing home resident
Yes 0.86 (0.58 - 1.28) 0.46 046 (0.28 - 0.76) 0.002
No Ref Ref

OR odds ratio, SPC specialized palliative care, CCl Charlson comorbidity index, C/ confidence interval MOSAIC groups = socioeconomic entities based on small
geographical areas, Mosaic group 1 corresponding to the most affluent one
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Table 5 Hospitalizations among brain tumor patients during the
last month of life
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Table 6 Death in an acute hospital among patients with
malignant brain tumors

Variable Univariable analysis Multivariable analysis Variable Univariable analysis Multivariable analysis
OR (95% CI) p-value OR (95% Cl) p-value OR (95% Cl) p-value OR (95% CI) p-value
Sex Sex
Women 0.72(0.53 - 0.04 0.72 (0.53 - 0.04 Women 0.62(0.35 - 0.09 0.56 (0.28 - 0.10
0.98) 0.99) 1.08) 1.12)
Men Ref Ref Men Ref Ref
Socio-economic status Socio-economic status
Mosaic 0.78 (0.53 - 0.21 0.84 (0.56 - 040 Mosaic 0.71(0.37 - 0.30 1.11 (049 - 0.81
group 1 1.15) 1.26) group 1 1.36) 2.49)
Mosaic 0.78 (0.55 - 0.19 0.85(0.58 - 040 Mosaic 0.56 (0.30 - 0.07 0.78(0.35 - 0.52
group 2 1.13) 1.24) group 2 1.06) 1.70)
Mosaic Ref Ref Mosaic Ref Ref
group 3 group 3
Age groups Age groups
18 - 64 years 0.92 (047 - 0.80 1.05(0.51 - 0.89 18 - 64 years 1.30(0.38 - 0.68 253(0.57 - 0.22
1.80) 2.16) 4.46) 11.12)
65— 74 years 0.84 (042 - 0.62 0.95 (0.46 - 0.89 65— 74 years 099 (0.28 - 0.99 1.80 (041 - 044
1.66) 1.96) 3.55) 8.00)
75-84years 1.04(0.51 - 0.92 1.12(0.54 - 0.76 75-84years 0.95(0.25- 0.95 1.16 (0.25 - 0.85
2.10) 2.34) 3.48) 5.39)
85 years or Ref Ref 85yearsor  Ref Ref
older older
Comorbidity (CC1) Comorbidity (CCT)
0-1 0.60 (044 - 0.001 0.65 (047 - 0.007 0-1 0.32(0.18 - 0.0002 035(0.17 - 0.005
0.82) 0.89) 0.58) 0.73)
>1 Ref Ref > Ref Ref
Palliative care (SPC) Palliative care (SPC)
Yes 0.55(0.39 - 0.0007  045(0.30- 0.0001 Yes 0.07 (0.04 - 0.03(0.01 -
0.78) 0.68) 0.13) 0.06)
No Ref Ref No Ref <.0001 Ref <0.0001
Nursing home resident Nursing home resident
Yes 0.84 (0.57 - 0.35 0.54 (0.34 - 0.008 Yes 049 (022 - 0.08 0.08 (0.03 - <0.0001
1.22) 0.85) 1.10) 0.21)
No Ref Ref No Ref Ref

OR odds ratio, Cl confidence interval, CCl Charlson comorbidity index, SPC
specialized palliative care; MOSAIC groups = socioeconomic entities based on
small geographical areas, Mosaic group 1 corresponding to the most affluent
one

Discussion

The present study investigated factors associated with
acute healthcare utilization in the last moth of life among
brain tumor patients in the Stockholm area, the most
populated health care region in Sweden (2.3 million
inhabitants). Receipt of SPC in the last three months of
life was equal in relation to sex and SES, as measured by
Mosaic groups, whereas it was significantly higher for
younger patients with less comorbidity and lower for
nursing home residents. Unplanned ER visits and hospi-
talizations during the last month of life, as well as acute
hospitals as a place of death were especially reduced in
patients receiving SPC but also in patients who were

OR odds ratio, C/ confidence interval, CCl Charlson comorbidity index, SPC
specialized palliative care, MOSAIC groups = socioeconomic entities based on
small geographical areas, Mosaic group 1 corresponding to the most affluent
one

nursing home residents. In contrast, neither SES nor age
was associated with acute care in multivariable logistic
models.

Inequality in cancer care, especially expensive treat-
ments, has previously been described in relation to sex,
age and SES, including educational level and marital sta-
tus [28-30]. Moreover, cancer patients with lower SES
have worse survival prospects [31]. The few published
studies investigating equality of care for brain tumor
patients point in the same direction [32-34]. To counter-
act this, equality in health and care is an expressed goal
for the ongoing Swedish Cancer Plan, which is based on
governmental guidelines and executed by the Regional
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Cancer Centres in Sweden [35]. Considering this, our
finding that sex, when controlled for other variables, was
not statistically associated and SES was only marginally
associated with SPC is encouraging. The finding of an
inverse association of age and SPC is in line with previ-
ous studies [36, 37].

Based on their meta-analysis, Henson et al. argue that
unplanned ER visits as well as hospitalizations during the
last month of life are associated with less optimal pallia-
tive care [12], findings that that are corroborated by oth-
ers, in large studies comprising cancer and non-cancer
patients [38, 39]. This is also in agreement with our pre-
viously published findings for cancer patients in Sweden
[14]. Therefore, it is encouraging to find that the 77% of
brain tumor patients who were receiving SPC were less
likely to use acute care in the last month of life. In their
meta-analysis with pooled data from several countries,
the OR for unplanned emergency visits for those admit-
ted to SPC was 0.43, well in line with the OR found in
our study which was similar, OR 0.41. Henson, however,
also reported that, men in contrast to women, as well as
younger patients were more likely to visit the ER [12]. In
our data, women were slightly less likely to be hospital-
ized in EOL, but sex was not associated with unplanned
ER visits or hospital deaths, when controlling for relevant
variables such as access to SPC, comorbidity and nurs-
ing home residency. Other authors have concluded that
a higher Charlson Comorbidity index is associated with
higher ER attendance, well in line with our studies [40].

Notably, receipt of SPC was more pronounced in the
last 6 months and particular in the last 3 months in our
study. Hence, despite typically suffering from complex
and cumbersome symptoms, brain tumor patients were
referred relatively late to SPC. From a clinical perspec-
tive, this could reflect the frequent observation that a
decline in cognitive function and communication capa-
bilities often tend to occur prior to severe physical dete-
rioration. Nevertheless, it is conceivable that brain tumor
patients and their families would benefit from earlier
admission to SPC.

Previous studies have found that a majority would pre-
fer to die at home, provided that adequate home care is
guaranteed [41-44] although this may not be true for all
patients [45, 46]. This is also corroborated in a Swedish
study on patients in palliative home care, where 75% of
those who had expressed a preferred place of death did
wish to die at home, whereas 25% had a preference for
dying in a palliative care ward [42].

In our material, 21% or the patients were nursing home
residents and should be discussed separately from the
whole group, as residents in Swedish nursing homes have
high needs of assistance with activities of daily living
(ADL), either due to several debilitating illnesses or due
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to cognitive failure [47]. In fact, a person is only referred
to a nursing home after a municipal needs-assessor’s
decision, and only when 6—8 scheduled visits per day by
home-help services, including nightly visits, are insuffi-
cient to support a person with ADL in their own home.
Those residing in nursing homes were, therefore, older
and many of them were also likely to suffer from cogni-
tive failure. When being a resident, efforts are made to
provide adequate care in the nursing home and transfers
to hospitals are avoided, when possible. This attitude is
also corroborated by our previous finding of better qual-
ity of EOL cancer care in nursing homes as compared to
acute hospitals [14, 29]. This was reflected in our findings
in brain tumor patients of fewer of ER visits, hospitali-
zations, and hospital deaths for nursing home residents.
For this reason, we performed separate multiple logistic
regression analyses, to see whether analyses, where the
nursing home residents were excluded, would result in
other figures. When excluding nursing home residents,
our main finding remained and was even strengthened:
Receiving SPC was strongly associated with reduced
use of acute hospital services. This may be relevant for
several reasons: in addition to offloading the burden on
acute hospitals, reduced acute care utilization in end-of-
life may have beneficial effects on the quality of dying [12,
14, 48]. Notably, when patients are allowed to rate their
preferred place of death, hospitals are ranked low [45].
Hence, our data with only 2% of hospital deaths among
brain tumor patients admitted to SPC indicate a high
quality of the palliative care. This is further corroborated
by a Swedish study by Ozanne et al., who found that brain
tumor patients in general receive good symptom control
during their last week of life as regards pain, dyspnea, rat-
tles and anxiety [49]. However, palliative home care ser-
vices are highly dependent on informal family caregivers,
as brain tumor patients often need extensive help with
ADL for a long period of their disease trajectory, which is
a huge commitment for the family [7, 50]. Therefore, sup-
port to the family is of great importance, also to relieve
their own stress and anxiety [4, 5, 9].

Strengths and limitations

A strength of this study was the use of a population-
based cohort of brain tumor patients, with very few
missing values, as reporting to the council’s administra-
tive databases is mandatory and a basis for the economic
compensation to the clinics.

The study has several limitations. First, we did not
have access to the data from the National Cause of
Death Register, hence, we identified the study subjects
based on C71 as main diagnosis during the last year of
life. We could therefore not be completely certain that
the patients died from his/her brain tumor as opposed
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to with a malignant brain tumor but for some other rea-
son. Second, the observational study design has inherent
problems, e.g. we cannot assume that patients cared for
in SPC have similar symptoms and care needs as patients
who are nursing home residents (confounding by indica-
tion). Further related to the study design, since receipt of
SPC was measured in the last 3 months of life it is pos-
sible that some patients may have received SPC after an
acute care visit in the last month of life. This emphasizes
the inability of our study to infer any conclusions on
temporal or cause-effect relationships. Third, we used a
decedent cohort, and it is possible that, for some patients
death may have been unforeseen rendering both a lack of
SPC as well as acute hospitalization ‘appropriate’ at the
time. Moreover, inherent to the study design, we lacked
both information on patient preferences with regards to
desired place of death as well as knowledge on individual
attitudes towards palliative care, i.e., some patients may
have declined SPC and preferred to seek acute medical
care upon deterioration. Forth, in order to estimate SES,
we used MOSAIC which is a broad measure of SES that
includes classical variables such as income and educa-
tion but also additional variables such as lifestyle, cul-
tural aspects, and living arrangement. MOSAIC groups
may therefore be less specific than traditional measures
of SES.

As regards generalizability, different models of pallia-
tive care services as well as models of financing must be
taken into account. The data in this study are from the
Stockholm region (2.3 million inhabitants) with well-
developed SPC services, especially in the form of spe-
cialized palliative home care, and all health care is tax
financed. Other countries might have different palliative
care models, as well as models for financing, which might
affect the results as regards the degree of hospitalization.

Conclusion

SPC in the last three months of life was associated with
lower acute health care utilization and improved the
chances of avoiding death in acute hospitals. Brain tumor
patients with multiple comorbidities were more likely to
require acute care whereas nursing home residency was a
protective factor.
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