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Abstract 
Background.  Cancer care coordinators (CCCs) are recognized as having an important role in patients’ and carers’ 
cancer journey. However, there are no studies investigating the impact of CCCs on quantitative outcomes. We per-
formed a retrospective cohort study investigating the impact of brain cancer care coordinators (BCCCs) on health 
service resource use and survival in patients with glioblastoma.
Methods.  All patients diagnosed with glioblastoma between 2012 and 2019 in Hunter New England Local Health 
District, Australia (HNELHD) were included and the patients were divided into 2 cohorts: before and after the intro-
duction of the BCCC. Any patient diagnosed in 2016, during the introduction of the BCCC, were excluded. The main 
outcomes assessed were overall survival, health service resource use, odds of being admitted to hospital after the 
emergency presentation, and cost-offset analysis to examine the economic implications of BCCCs.
Results.  A total of 187 patients were included. There were no significant differences in overall survival between 
the 2 groups (mOS 12.0 vs 11.16 months, HR 0.95). However, there was a reduction in the number of ED pres-
entations and admissions. This was associated with a 24% reduction in aggregate length of stay with the BCCC. 
There was no statistically significant difference in mean patient costs, however our hospital may have saved over 
AUD$500 000 with BCCCs.
Conclusions.  The introduction of BCCC did not improve survival but appeared to be associated with reduced 
health resource utilization. This study provides economic justification, in addition to the established quality of life 
improvements, to support the presence of BCCCs.
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The Australian Institute of Health and Welfare (AIHW) pre-
dicted that in 2021 there would be approximately 151 000 new 
cases of cancer diagnosed, and cancer accounted for about 
1 in 9 hospitalizations (1 328 838 hospitalizations in total) be-
tween 2019 and 2020.1 A separate report on central nervous 
system (CNS) cancers estimated that approximately 1908 
new cases of CNS cancers will be diagnosed in 2017.2 Notably, 
62% of all CNS cancers diagnosed in 2013 were glioblastoma 

multiforme (GBM) and which has a poor median survival, ran-
ging between 14 and 16 months2–4

The current mainstay of management of glioblastoma 
(GBM) is the Stupp protocol, which involves surgical resec-
tion, followed by concurrent chemotherapy–radiotherapy for 
6 weeks with temozolomide, then with temozolomide alone 
for another 6 monthly cycles at a higher dose.3 The coordina-
tion of the treatment according to the regime requires close 
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communication between multiple medical departments: 
Neurosurgery, Medical Oncology, Radiation Oncology, 
Palliative Care and Allied Health Departments, and for 
the patient to negotiate the complex healthcare system. 
Unfortunately, following progression there is no recog-
nized standard regimen.5

In multiple oncological areas, the importance of cancer 
care coordination is thought to be critical in the delivery 
of high quality healthcare, especially with respect to the 
patient’s experience with healthcare, and the quality of 
end-of-life care.6 Time and again, multiple studies have 
shown that patient navigators or cancer care coordinators 
improve access to care, adherence to therapy, and improve 
patient satisfaction around their treatment and care.7–10 
However there is a gap in knowledge on how cancer care 
coordination may impact on quantitative outcomes for 
patients, such as survival, number of hospital presenta-
tions, or length of hospital stay, which directly affect the 
patient’s cancer journey. A previous study which investi-
gated the cost-utility of cancer care coordinators in Stage 
III colon cancers performed by a group in New Zealand 
relied on modeling based on estimations of factors which 
a cancer coordinator would affect in a patient’s care, and 
showed that the use of cancer care coordinators in colon 
cancer management was cost-effective, and also improved 
health outcomes for some groups, such as the younger pa-
tients and Maori patients.11 Furthermore, a 2010 study from 
the US showed that in patients with non–small cell lung 
cancer, those who were randomized to early involvement 
of palliative care services (palliative care physicians and 
specialist nurses) not only had better quality of life than 
those who had palliative care involvement at the discretion 
of their oncologist, but also longer survival.12

In the Hunter New England Local Health District 
(HNELHD), with funding from the Mark Hughes Foundation, 
the role of the brain cancer care coordinator (BCCC) was set 
up in 2016 to provide comprehensive support of patients 
with diagnosis of primary brain tumors and their families 
through diagnosis, treatment, clinical trials, symptom man-
agement, follow-up in the community and end of life care. 
The BCCC are specialized nurses involved with all patients 
diagnosed with primary brain cancers in the HNELHD and 
assist with not only navigation, but also with any symptom 
and emotional support for patients and carers during their 
treatments. These specialized clinicians provide assistance 
not only in-person at the hospitals but also via phone calls.

This study set out to investigate the impact of the BCCC 
on quantitative health utilization measures and patient out-
comes in the management of people with glioblastoma 
multiforme.

Methods

Study Design

We performed a retrospective cohort study of all patients 
aged ≥18 diagnosed with GBM in the HNE Local Health 
District (HNELHD) between October 2012 and December 
2019. All patients were identified from the medical records 
of patients referred to the Medical Oncology and Radiation 
Oncology departments in HNELHD and to the Medical 

Oncology department at Newcastle Private Hospital using the 
C71 ICD-10 codes with subsequent manual filtering for GBM 
patients only. Patients were divided into 2 groups: patients 
diagnosed prior to the introduction of the BCCC in 2016 (pre-
BCCC) and those who were diagnosed after the introduction 
of the BCCC in 2017 (post-BCCC). For those in the post-BCCC 
group, they were further stratified into patients who had con-
tact with the BCCC (BCCC contact) and those who did not (No 
contact). Contact was defined as a documented entry by the 
BCCC in the patients Electronic Medical Record (EMR).

The BCCC was first introduced in 2016 with a pilot year, 
thus all patients diagnosed in 2016 were excluded from 
this study.

Data Collection

All data were collected from the EMR used within the 
HNELHD (Clinical Applications Portal, Orion Health; ARIA, 
Varian Medical Systems) and Newcastle Private Hospital 
(CHARM, Citadel Health). For health economics analysis, 
only patient data from HNELHD were used.

Patient data were collected and managed using REDCap 
electronic data capture tools hosted at the Calvary Mater 
Newcastle.13,14

Health service resource use data were collected based 
on the diagnosis-related groups (DRGs) for hospital ad-
missions and urgency-related groups (URGs) and urgency 
disposition groups (UDGs) for emergency department 
presentations from the public hospital EMR. Data linkage 
methods were employed to identify and measure inpa-
tient and emergency admission events. For the purpose of 
event valuation, price weights reflecting the cost of each 
admission were also extracted.

Care types of admissions were reviewed using the care 
type definitions developed by the AIHW, last revised in 
2019.15 Acute care is defined as care in which the primary 
clinical purpose or treatment goal is to manage labor (ob-
stetric), cure illness or provide definitive treatment of in-
jury, perform surgery, relieve symptoms of illness or injury 
(excluding palliative care), reduce severity of an illness or 
injury, protect against exacerbation and/or complication of 
an illness and/or injury, which could threaten life or normal 
function, or perform diagnostic or therapeutic procedures. 
Palliative care is defined as care in which the primary clinical 
purpose or treatment goal is an optimization of the quality of 
life of a patient with an active and advanced life-limiting ill-
ness. The patient will have complex physical, psychosocial, 
and/or spiritual needs. Mixed care was defined as an admis-
sion which contained both care types during the admission.

Health service resource data was unable to be obtained 
from private institutions. While conceivably some patients 
treated through the private institutions may have used said 
institutions, general practice within HNELHD would be that 
acutely unwell patients would either present to the public 
neurosurgical institution or the tertiary care oncological in-
stitution, both of which are public.

Cost-Offset Analysis

The cost-offset analysis compared the BCCC investment 
against the valuation of any health care resource use dif-
ference between the pre and post cohorts. Under the 
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assumption that there would be negligible differences in 
routine resource use between the 2 periods as treatment 
approaches had remained constant, but there may be dif-
ferences in ad hoc hospital interactions, the economic anal-
ysis was constrained to examine emergency department 
presentations and any associated admissions, ignoring 
planned hospital interactions.

The analysis was performed following The Independent 
Health and Aged Care Pricing Authority (IHACPA) guide-
lines in estimating cost for treating patients in a public hos-
pital.7 Australian Refined Diagnosis Related Groups (DRGs) 
were used to classify the resources used by patient’s during 
their ED and hospital admissions during the study period. 
This was then used to derive the Nationally Weighted 
Activity Unit (NWAU), which can then be multiplied by 
the National Efficient Price (NEP) to estimate the cost of 
a patient’s treatment. The IHACPA publishes the NEP each 
financial year, and using the total health price index pub-
lished by The Australian Institute of Health and Welfare 
(AIHW),8 the NEPs were adjusted to 2019–2020 prices to en-
sure an accurate comparison of the costs incurred during 
the study period.

Statistical Plan

Descriptive statistics for patient characteristics were pre-
sented as count (%), or mean (SD) and median (min, max), 
if continuous. P-values were generated by Chi-Square Test 
of Independence for distributions of categorical data, and 
ANOVA and Kruskal–Wallis for parametric or nonpara-
metric distributions of continuous data.

All patient survival statistical analyses were pro-
grammed using R v4.2.0 (R Foundation for Statistical 
Computing, Vienna, Austria). A priori, P < .05 (2-tailed) 
was used to indicate statistical significance. Patient sur-
vival was estimated using the Kaplan–Meier method and 
patients who were diagnosed in the pre-BCCC period and 
who survived beyond the pre-BCCC period had their sur-
vival data truncated to December 31, 2015 and censored 
to account for any impact the introduction of the BCCC 
may have had. Truncation and censoring were also applied 
to post-BCCC period diagnosed patients surviving past 
December 31, 2019. Both univariate and multivariate Cox 
proportional hazards models were used to estimate the ef-
fect of the BCCC and known prognosticating variables on 
overall survival. The assumption of proportional hazards 
was tested using the log-rank test.

Patient emergency presentation and length of stay 
analysis were performed using the R language. Length 
of stay (LOS) was calculated by summing the total time 
spent by a patient in Acute Care service category, taking 
into account contiguous acute care services. This was 
done also for patients admitted under the Palliative care 
service category.

Ethics

The study was approved by the Research Ethics and 
Governance department at Hunter New England Local 
Health District (AU202008-13, AU20222-01).

Results

Patient Characteristics

Overall, 199 patients who had a diagnosis of glioblastoma 
between 2013 and 2019 were identified in the hospital data-
bases. 12 patients were excluded from the analysis (10 pa-
tients were diagnosed in 2016 during the pilot period and 2 
patients did not have glioblastoma on review of the histo-
pathology), leading to a final total of 187 patients included 
in the final analysis. Approximately 70% of the patients 
were male, and the mean age at diagnosis was 64 years. As 
seen in Table 1, the pre-BCCC and post-BCCC groups were 
well balanced, with the only significant differences being a 
greater proportion of patients in the post-BCCC group re-
ceiving no treatment and a greater proportion receiving 
chemotherapy through private institutions. Overall, ap-
proximately 19% of all patients in this study received part 
or all of their treatment at a private hospital.

Overall Survival

In the 187 patients analyzed in this study, the median 
overall survival was 12.0 months (95% confidence in-
terval [CI], 9.0–15.72) prior to the introduction of the BCCC, 
and 11.16 months (95% CI, 7.92–14.28) after the introduc-
tion of the BCCC. There were no significant differences in 
the overall survival in patients with GBM treated in the 
HNELHD with or without the BCCC, with an unadjusted 
hazard ratio of 1.21 (95% CI, 0.84–1.76) (Figure 1). The pres-
ence of the BCCC had no effect on overall survival using 
the Cox proportional hazards model. However, having a 
methylated MGMT promoter and having commenced con-
current chemoradiotherapy as per the Stupp protocol all 
had statistically significant independent benefit on survival 
which correlate with known factors in literature which have 
positive impact on survival (Table 2).

Hospital Presentations and Admissions

During the study period, there were a total of 701 presen-
tations to the emergency department (ED) by the patients 
included in the analysis. Notably, there were 401 presenta-
tions prior to the introduction of BCCC, and 300 after the 
introduction of BCCC, with a trend towards patients having 
fewer overall ED presentations than prior to BCCC starting 
(Figure 2). Furthermore, there were 3 patients (3.3%) in the 
pre-BCCC group and 8 (8.3%) in the post-BCCC group who 
did not present to the ED at all during the study period.

A total of 427 (61%) ED presentations led to hospital ad-
missions, 242 in the pre-BCCC group, and 185 in the post-
BCCC group. The predominant category of admission was 
Acute Care in both groups. The 24% reduction in the total 
aggregate length of stay in hospital (1748 days vs 1332 
days) reflects the reduction in the total number of hospital 
admissions between the pre and post periods. However, 
the median number of admissions were equal between the 
2 groups (2.0). The reduction in the total number of hos-
pital admissions in the post-BCCC translated into reduced 
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length of stay for both acute care and palliative care admis-
sions (Table 3).

Cost-Offset Analysis

When the NEPs were adjusted for comparison, the mean cost 
of an emergency department attendance was calculated to be 
similar between comparison periods, after adjusting for price 
base differences. The mean cost of an inpatient visit increased 
by AUD$819 in real terms. None of the mean differences were 
statistically significant (Figure 3). However, analyses of these 

data showed a fall in the number of ED presentations that 
led to an inpatient admission and 25% fall in total length of 
stay. Hence, the average cost of treating a patient decreased 
post-BCCC, by AUD$1200 in ED and by AUD$5500 for inpa-
tient admissions. Aggregating this per patient saving across 
the entire post-BCCC cohort translated to a total saving of 
AUD$502 901, or an annual saving of AUD$167 634.

Comparing this saving against the cost of employing the 
care coordinator, calculated as the wage cost plus on-costs, 
the program shows an annual net saving of AUD$4410.

Breaking down the post-BCCC cohort, a total of 44% of pa-
tients had contact with the BCCC program. On average, this 

Table 1. Baseline Characteristics

BCCC present

Characteristic Overall, N = 1871 Pre-BCCC, N = 911 Post-BCCC, N = 961

Age at diagnosis, Mean (SD) 64 (11) 64 (11) 64 (11)

Gender, n (%)

    Female 63 (34) 33 (36) 30 (31)

    Male 124 (66) 58 (64) 66 (69)

Weight, Mean (SD) 84 (19) 82 (21) 85 (17)

Location of treatment, n (%)

    No treatment 29 (16) 9 (9.9) 20 (21)

    Private 19 (10) 2 (2.2) 17 (18)

    Private—MO only 2 (1.1) 1 (1.1) 1 (1.0)

    Private—RT only 2 (1.1) 1 (1.1) 1 (1.0)

    Private MO + Public RT 13 (7.0) 3 (3.3) 10 (10)

    Public—Both 99 (53) 60 (66) 39 (41)

    Public—RT only 23 (12) 15 (16) 8 (8.3)

MGMT promoter methylation status, n (%)

    Promoter methylated 21 (11) 10 (11) 11 (12)

    Promoter unmethylated 32 (17) 14 (16) 18 (19)

    Untested 132 (71) 66 (73) 66 (69)

IDH1 mutation status, n (%)

    IDH mutant 4 (2.1) 2 (2.2) 2 (2.1)

    IDH wild type 150 (80) 62 (68) 88 (92)

    Untested 33 (18) 27 (30) 6 (6.3)

Extent of surgery, n (%)

    Biopsy 23 (12) 11 (12) 12 (13)

    Gross macroscopic 120 (64) 62 (68) 58 (60)

    Sub-total 38 (20) 13 (14) 25 (26)

    Unknown 6 (3.2) 5 (5.5) 1 (1.0)

Had adjuvant TMZ, n (%) 113 (60) 56 (62) 57 (59)

Had subsequent systemic treatment after adjuvant therapy, n (%) 56 (30) 26 (29) 30 (31)

Number of subsequent systemic treatments, Mean (Range) 1 (1–4) 2 (1–4) 1 (1–3)

Patient status at the time of data collection, n (%)

    Alive 17 (9.1) 4 (4.4) 13 (14)

    Dead 159 (85) 84 (92) 75 (78)

    Lost to follow-up 11 (5.9) 3 (3.3) 8 (8.3)

1Mean (SD); n (%); Mean (Range) as per row.
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subgroup had more ED visits (3.6 vs 2.7), and subsequent ad-
missions (2.2 vs 1.7), and a longer length of stay (14.7 days vs 
13.2 days) compared to those in the post-BCCC cohort who 
had no contact with the coordinator (Table 3). However, nu-
merically the post-BCCC cohort in total has less ED presenta-
tions and admissions compared to the pre-BCCC cohort.

Discussion

This is the first study looking at the objective treatment 
outcome and health utilization differences with or without 
the presence of cancer care coordinators. The study dem-
onstrated that although survival of patients with glioblas-
toma were not improved by the BCCC, their access to acute 
hospital care reduced which translated into a reduction in 
utilization of scarce health resources. It is well established 
in literature that cancer care coordination improves on a 
variety of qualitative outcomes for patients, carers and 
clinicians involved.4,9–11 Cancer care is difficult for patients 
and their relatives who are often navigating the complex 
and compartmentalized health system, dealing with a life 
changing diagnosis, then also having to manage symp-
toms from the cancer and the treatments. Many studies 
looking at models of cancer care coordination looked at 
either areas of deficiency in the current models,9,12 health-
related quality of life outcomes from cancer care coordi-
nation,13 and 1 study looked at cost-utility modeling in 

patients with colorectal cancer.6 It must be stressed that 
the BCCCs in this study are specialized nurses who offer 
not only care coordination but also clinical advice in con-
sultation with the treating physicians.

Our within group analysis of the post-BCCC group identi-
fied that patients who had contact with the BCCC had more 
ED visits, admissions and longer length of stay. However, 
these findings do not undermine the aggregate cost reduc-
tions seen with the introduction of the BCCC as although 
all patients diagnosed with a primary brain tumor had con-
tact with a BCCC, only those patients who had more se-
vere symptoms would have contacted the BCCC for advice. 
Hence, variation within the post-BCCC cohort, combined 
with the pre-post comparison, suggest that the BCCC pro-
gram reduced hospital demands of brain cancer patients 
with more severe symptoms.

One of the strengths of the study is that glioblastoma is 
a good platform to assess the effect of cancer care coordin-
ators on the objective outcomes investigated in this study. 
The standard of care therapy was established in the sem-
inal paper from Roger Stupp in 2005, which consists of con-
current chemoradiotherapy with temozolomide followed 
by adjuvant therapy with temozolomide alone.3 This treat-
ment paradigm has not shifted in the 15 years since the 
study was published and when the last patient reviewed in 
this study was diagnosed. As seen in Table 1, there were no 
major changes in the treatment provided to patients during 
the study period with a similar proportion of patients 
having had gross resections then had the Stupp protocol. 
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This is unlike other tumors, where there have been signif-
icant shifts in the treatment paradigm with improvements 
in treatment response and survival, and any potential dif-
ferences seen in outcomes in the patients could, at least 
in part, be explained by these changes. Another strength 
of the study is the health economics analysis, which was 
not modeled but calculated from real world utilization data 
obtained from the medical records, thus providing more 
robust evidence of the cost improvements generated by 
the brain cancer coordinator.

Some of the limitations of the study are that this is 
a study looking at the impact of the rain Cancer Care 
Coordinator who are senior oncology nurses, and thus 
the outcomes seen in this study may not necessarily 
translate 1:1 to Cancer Care Coordinators in other tumor 

types. Furthermore, due to the nature of retrospective co-
hort studies, there were limitations due to missing data 
in some patients, especially regarding known predictive 
markers such as MGMT promoter methylation status and 
there were an uneven number of patients lost to follow-up 
between the 2 groups. In addition, the exact nature of the 
interactions between the BCCC and the patients and its 
influence were unable to be accurately investigated. The 
exact reason for why 56% of patients in the post-BCCC 
group did not have a recorded interaction with the BCCC 
is not clear. The data which was collected to analyze con-
tact with BCCC was based on documented entries from 
the BCCC in the oncology EMR system. Certainly, there 
is a possibility that not all interactions were recorded and 
this may have led to this discrepancy due to documenta-
tion bias. However, given that the most common reason 
for contact with a BCCC was for medical advice, the pa-
tients interacting with the BCCC with documentation most 
likely had more severe symptoms, resulting in the ED visit 
and admission results seen in our research. Finally, an-
other limitation of this study is that the health economics 
analysis was only available on patients who accessed the 
public health system, and did not include any patient con-
tact, presentation to ED or admissions to the private hos-
pitals. However, as seen in Table 1, in our data the number 
of patients who had treatment at the private hospital was 
small (19%), thus their contribution to the health economic 
analysis would likely to have been small. Furthermore, due 
to the structure of the public and private health systems 
in the Hunter New England region, most patients who 
needed hospital review and/or admissions due to illness 
would have utilized the public hospital systems despite 
undergoing treatment through the private system.

In conclusion, our study suggests that patients suffering 
from GBM with access to a Brain Cancer Care Coordinator 
are not likely to live longer, however they may present to 

Table 2. Cox Proportional Hazards Analysis for OS

Univariate Multivariate

Characteristic N Event N HR (95% CI)1 P-value N Event N HR (95% CI)1 P-value

BCCC present

    Pre-BCCC 91 54 – 90 53 –

    Post-BCCC 96 57 1.21 (0.84–1.76) .31 95 56 1.36 (0.92–2.01) .12

Gender

    Male 124 81 – 122 79 –

    Female 63 30 0.70 (0.46–1.07) .10 63 30 0.58 (0.38–0.90) .015

Age at diagnosis 187 111 1.03 (1.01–1.05) .003 185 109 1.02 (1.00–1.04) .074

MGMT promoter methylation status

    Promoter unmethylated 32 25 – 32 25 –

    Promoter methylated 21 14 0.43 (0.22–0.83) .012 21 14 0.47 (0.24–0.93) .030

    Untested 132 70 0.68 (0.43–1.08) .10 132 70 1.01 (0.62–1.63) .97

Had concurrent RT + TMZ

    Yes 134 68 – 132 66 –

    No 53 43 4.85 (3.20–7.35) <.001 53 43 5.39 (3.42–8.48) <.001

1HR = Hazard Ratio, CI = Confidence Interval.
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Table 3. Hospital Resource Use Pre-post Comparison. Within Post-BCCC Cohort, Subgroups Were Stratified by Contact With the Program. All 
Monetary Figures Have Been Adjusted to 2019–20 Australian Dollars

Pre Post

N = 91 Overall, N = 96 No Contact, N = 54 BCCC Contact, N = 42

ED Visits

  Mean (Median) 4.4 (3.0) 3.1 (2.0) 2.7 (2.0) 3.6 (3.0)

  Minimum:Maximum 0:17 0:13 0:9 0:13

  Sum 401 300 148 152

Admissions

  Mean (Median) 2.7 (2.0) 1.9 (2.0) 1.7 (1.0) 2.2 (2.0)

  Minimum:Maximum 0:9 0:10 0:8 0:10

  Sum 242 185 94 91

Total Length of Stay

  Mean (Median) 19.2 (12.0) 13.9 (10.0) 13.2 (8.0) 14.7 (10.5)

  Minimum:Maximum 0:214 0:69 0:52 0:69

  Sum 1748 1332 715 617

Total ED Cost ($)

  Mean (Median) 3940 (3139) 2700 (2229) 2404 (2061) 3079 (2372)

  Minimum:Maximum 0:13 034 0:9819 0:8136 0:9819

  Sum 358 521 259 154 129 836 129 317

Total Admissions Cost ($)

  Mean (Median) 25 894 (20 359) 20 342 (17 998) 20 004 (12 536) 20 776 (20 457)

  Minimum:Maximum 0:105 991 0:99 355 0:99 355 0:78 441

  Sum 2 356 325 1 952 792 1 080 197 872 595

Total Cost ($)

  Mean (Median) 29 833 (23 479) 23 041 (19 838) 22 408 (13 429) 23 855 (23 407)

  Minimum:Maximum 0:111 475 0:101 620 0:101 620 0:87 054

  Sum 2 714 847 2,211 946 1 210 034 1 001 912
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hospital less often and may spend less time in acute care. 
This is likely to result in an improved quality of life and in 
view of the likely health resource savings it suggests that 
the BCCC are cost effective. This study objectively supports 
the ongoing presence of support of the Brain Cancer Care 
Coordinator in patient care.
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