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Abstract
Introduction: Encephalon malignant neoplasia (EMN) is a 
harmful type of cancer and its most aggressive phenotypes 
lead to the demise of patients in 12-18 months despite the use 
of state-of-the-art therapies, which remain inefficient and 
expensive for patients, families and health systems. The aim 
of this work was to analyze the expenditures of the Brazilian 
Sistema Único de Saúde (SUS), the national public health 
system, on EMN patients compared to all neoplasia patients 
over a span of ten years (2008 to 2017). Methodology and 
resources: Monthly data were collected from the SUS data 
base DATASUS from 2008 to 2017 and analyzed with regard to 
EMN and general neoplasia for the following categories: value 
of total expenditures; number of hospitalizations; mean value 
of hospitalizations; mean of monthly permanence time and 
death rate. Results: More than 0.3% of SUS costs were directed 
to EMN patients, although they represented 0.1% of total 
hospitalizations. The mean value of hospitalization of EMN 
patients was almost 80% that of general neoplasia patients 
and hospitalization time was twice that of general neoplasia 
patients. Moreover, EMN patients had a death rate almost 
four times higher than that of general neoplasia patients. Dis-
cussion and conclusion: EMN therapies remained expensive 
and lacked efficacy in the time period under analysis, with 
a disproportionate share of SUS expenditure being dedicated 
to these patients. Improving the effectiveness of treatment 
requires drug repurposing and adjuvant chemotherapy—in ad-
dition to radiotherapy and the use of monoclonal antibodies.

Keywords: Encephalon malignant neoplasia; Cancer treat-
ment costs; SUS.

Introduction

Primary central nervous system (CNS) tumors, such 
as encephalon malignant neoplasia (EMN), account for 
around 2% of all adult human neoplasia. They involve 
many types of tumor, such as astocytomas—the most 
common EMNs—, ependymomas, oligodendrogliomas, 
neuroblastomas and others.1,2 Considering all EMNs, 
Ostrom and colleagues (2018) showed that the incidence 
of new cases in the USA varies from 5 (children) to 50 
(elders above 60 years old)/100.000 habitants per year, 
with variations depending on the age group.3,4 One 
of the most classic symptoms of EMNs are associated 
convulsions in peritumoral area.5 It is well known in 
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the literature that the most common adult EMN is 
grade IV astrocytoma, known as human multiform 
glioblastoma (GB). GB is a WHO-IV grade tumor that 
exhibits nuclear atypia and genetic heterogeneity; it 
can induce neoangiogenesis and exhibit large necrosis 
in central tumor areas.3,6-8 In Brazil, Werneck de Carvalho 
and colleagues (2017) showed that neuroepithelial CNS 
tumors accounted for almost 50% of all CN-diagnosed 
tumors in the population of a certain region in the 
state of Pará, Brazil, from 1997 to 2014.9 Another recent 
study10 showed that the greatest incidence of these 
neuroepithelial CNS tumors in Brazil occurs in the 
40-59 year-old age group with no distinction between 
the sexes.

EMN diagnosis is identified through magnetic 
resonance imaging (MRI) in order to evaluate the 
location of the tumoral mass inside the encephalon 
and is followed by neurosurgery for the removal of the 
largest possible area of the tumoral mass. With regard to 
GB, even after neurosurgery and radio/chemotherapy 
protocols using the DNA alkylating agent temozolomide 
(TMZ) for many sessions, tumoral recurrence transpires 
in the vast majority of the cases.6,11,12 It is well known 
that the overall 5-year survival rate of GB patients 
is 5%, despite the use of all available therapeutic 
tools, due to the capacity of GB to deregulate diverse 
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that involves a significant amount of time and is also 
very expensive for patients and health systems around 
the globe, while leading to no significant results in its 
clinical management.20-22 Considering these factors, 
the aim of this work was to evaluate how the Brazilian 
public health system (Sistema Único de Saúde, SUS) 
managed certain aspects related to EMN, especially 
treatment costs, hospitalization time and death rates, 
over a decade (2008-2017).

 

Materials and methods

Data collect and table generation: Data from the 
Brazilian “Banco de Dados do Sistema Único de Saúde” 
(DATASUS) (http://tabnet.datasus.gov.br/cgi/deftohtm.
exe?sih/cnv/niuf.def) were used for the 2008-2017 period, 
year by year, concerning: a) Total value per month, Total 
value for the ICD-10-Neoplasia category and Total value 
for EMN (Table 1); b) Number of hospitalizations per 
month, Number of hospitalizations for the ICD-10-
Neoplasia category and Number of hospitalizations for 
EMN (Table 2); c) Mean value of hospitalizations per 
month, Mean value of hospitalization for the ICD-10-
Neoplasia category and Mean value of hospitalizations 
for EMN (Table 3); d) Mean time of permanence per 
month, Mean time of permanence for the ICD-10-

signaling pathways, which makes the establishment of 
a therapeutic protocol extremely difficult.4,13,14

Even with this evident problem, significantly more 
than 700 clinical trials related to GB exist, using different 
therapeutic protocols and interventions in an attempt 
to enhance the overall survival rate of patients.15 This 
fact calls into question current therapies for GB and 
highlights the need to find therapeutic alternatives for 
treatment of this type of tumor and other EMNs, such 
as neuroblastomas, oligodendrogliomas and even lower-
level (II and III) astrocytomas. One of the explanations 
for this myriad of protocols is the attempt to act, mainly 
pharmacologically, on many deregulated signaling 
pathways in EMN cells. The literature highlights the 
fact that GB and neuroblastoma cells, for example, 
exhibit enhanced phosphoinositide 3-kinase/RAC-alpha 
serine-threonine protein kinase/mammalian target of 
Rapamycin (PI3 kinase/Akt/mTOR) activation as well as 
Rat sarcoma virus (Ras), epidermal/vascular endothelial 
growth factor (EGF/VEGF), glycogen synthase kinase 3 
beta (GSK-3β) and protein kinase C (PKC) downstream 
pathway triggering.13,16-19 Since many of these pathways 
interact in tumoral cells, it is clear that no simple 
therapeutic approach can be easily found.

The literature widely describes that diagnosing 
and treating EMNs, especially GBs, is a costly process 

Year A) SUS expenditures 
with all neoplasia (%)

B) SUS expenditures 
with EMN (%)

C) EMN expenditures/ all 
neoplasia expenditures (%)

2008 7.15 0.269514 3.76

2009 7.21632 0.282442 3.916286

2010 7.318336 0.26667 3.645068

2011 7.515978 0.28 3.787532

2012 7.907894 0.296386 3.748988

2013 10.13073 0.294075 2.922765

2014 10.83456 0.306753 2.833148

2015 11.2412 0.321342 2.859452

2016 11.51003 0.344574 2.995991

2017 11.59962 0.337538 2.9101

Mean ± SEM 9.24±1.97 0.30±0.02 3.34±0.46

Table 1. SUS expenditures percentage from 2008 to 2017

Legend: SUS: Sistema Único de Saúde. EMN: Encephalon malignant neoplasia. Last line: mean ± standard error of the mean. 
Mean: Sistema Único de Saúde (SUS) total net expenditures (in Brazilian Real): 12,049,220,951.00.
Source: The authors (2022).
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Table 2. SUS hospitalization percentage

Year A) Hospitalizations due 
to general neoplasia (%)

B) Hospitalizations 
due to EMN (%)

C) EMN hospitalizations/
General neoplasia 

hospitalizations (%)

2008 5,05 0.09 1.841264

2009 5.166218 0.099831 1.934264

2010 5.323121 0.099351 1.867213

2011 5.531869 0.107138 1.93862

2012 5.949984 0.112836 1.897055

2013 6.199764 0.115381 1.861056

2014 6.410482 0.113681 1.773359

2015 6.640472 0.118143 1.779139

2016 7.382037 0.137936 1.868537

2017 6.933717 0.125973 1.816812

Mean ± SEM 6.06±0.79 0.11±0.01 1.86±0.05

Legend: SUS: Sistema Único de Saúde. EMN: Encephalon malignant neoplasia. Last line: mean ± standard error of the mean. 
Mean of total net hospitalizations/year: 11,041,635.00.
Source: The authors (2022).

Table 3. Mean hospitalization value percentage

Year
A) Mean hospitalization 

value for general 
neoplasia (%)

B) Mean hospitalization 
value for EMN (%)

C) Mean EMN value/ mean 
general neoplasia value (%)

2008 141.71 289.90 204.5576

2009 139.7482896 283.0601 202.5259

2010 137.5134631 268.2042 195.0322

2011 135.8815229 265.5436 195.4642

2012 132.9390426 262.8976 197.7258

2013 164.5797878 256.0027 155.5493

2014 169.0813648 269.8476 159.5963

2015 169.3457882 271.9947 160.6149

2016 169.2704299 271.1682 160.1982

2017 167.5050954 267.8203 159.8879

Mean± SEM 152.76±16.23 270.64±9.67 179.12±21.26

Legend: EMN: Encephalon malignant neoplasia. Last line: mean ± standard error of the mean. Mean: Sistema Único de 
Saúde (SUS) hospitalization values (Brazilian Real): 1070.29
Source: The authors (2022).
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Neoplasia category per month and Mean time of 
permanence for EMN (Table 4); and e) Death rate for 
the ICD-10-Neoplasia category and Death rate for EMN 
(Table 5). 

The data were then organized in tables and shown 
as a percentage of each given year’s value/number. Mean 
values of the studied period regarding the following 
parameters were included in the captions of the respective 

Year
A) Mean hospitalization 

time for general neoplasia 
(%SUS mean)

B)Mean hospitalization time 
for EMN ( (%SUS mean)

C) Mean hospitalization 
time for EMN (% mean 

general neoplasia value)

2008 101.72 213.7931 210.1695

2009 101.7241 208.6207 205.0847

2010 100 208.7719 208.7719

2011 98.24561 207.0175 210.7143

2012 96.49123 205.2632 212.7273

2013 96.49123 207.0175 214.5455

2014 96.42857 201.7857 209.2593

2015 96.42857 201.7857 209.2593

2016 92.85714 196.4286 211.5385

2017 94.44444 194.4444 205.8824

Mean± SEM 97.48±2.93 204.49±5.92 209.80±2.87

Table 4. Mean hospitalization time percentage

Legend: EMN: Encephalon malignant neoplasia. Last line: mean ± standard error of the mean. Mean: Sistema Único de 
Saúde (SUS) hospitalization time (days): 5.66.
Source: The authors (2022).

Year A) Death rate by general neoplasia B) Death rate by EMN

2008 3.28 13.72

2009 3.48 13.63

2010 3.61 14.09

2011 3.71 13.82

2012 3.8 13.5

2013 3.94 13.4

2014 3.97 14.1

2015 4.18 13.67

2016 4.38 13.7

2017 4.29 13.59

Mean ± SEM 3.86±0.35 13.72±0.22

Table 5. Death rate

Legend: Last line: mean ± standard error of the mean.
Source: The authors (2022).
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tables: Total value per month, Total hospitalizations per 
month, Mean value of hospitalization and Mean time of 
permanence per month.

Results

At first, we wanted to identify the overall sum of 
SUS expenditures—that is, including all ICD-10 identified 
pathologies—and the share of this sum dedicated to all 
neoplasia and to EMNs specifically. As shown in column 
A of Table 1, a mean of 9.24±1.97% of SUS expenses 
were allocated to neoplasia patients during the 10 years 
analyzed. Specifically verifying SUS expenditures on 
EMN patients during the same period, we found that 
0.3±0.02% of overall disbursements were dedicated 
to them (Table 1, column B). Using a more specific 
comparison parameter, we found that only 3.34±0.46% 
of total SUS expenditures on neoplasia were allocated 
to EMN patients (Table 1, column C).

Following the initial identification of mean general 
expenditures, we decided to evaluate the percentage 
of SUS hospitalizations related to neoplasia (Table 2, 
column A) as well as to EMN (Table 2, column B). We 
observed that 6.06±0.79% of hospitalizations were 
due to neoplasia, but only 0.11±0.01% corresponded 
to EMN in the period. We also verified that these 
hospitalizations accounted for 1.86±0.05% of the total 
number of neoplasia hospitalizations. This highlights 
the low number of patients hospitalized in SUS due to 
EMN during the years under analysis.

Next, we decided to evaluate differences in the cost 
of hospitalization between neoplasia and EMN patients. 
Table 3 shows SUS outcomes per hospitalization for 
neoplasia (column A) and we verified that these were 
52.76±16.23% higher than the mean overall cost of 
hospitalization. Specifically for EMN, we observed 
that these patients exhibit a higher mean cost of 
hospitalization compared to the same parameter 
(170.64±9.67%) (column B). Moreover, we observed 
that the value for EMN was 79.12±21.26% higher than 
that of neoplasia in general (column C). In summary, 
EMN patients generate more costs for the SUS than 
other neoplasia patients, even though they are fewer 
in number.

In light of the data presented, we wondered if 
the high cost of EMN patients could be justified by 
a reduction in their hospitalization time or else in 
their death rates. To study this hypothesis, Table 4 
was generated and shows that neoplasia patients are 
hospitalized for roughly the same time as the general 

mean of the SUS (column A, 97.48±2.93%). On the other 
hand, EMN patients presented a doubled hospitalization 
time compared to neoplasia in general (column C, 
209.8±2.87%) or the mean of the SUS (column B, 
204.49±5.92%). Even after the costly treatment allocated 
to a very small number of SUS patients, EMN patients 
clearly remained hospitalized for a longer time. 

Last, we sought to evaluate the death rate of EMN 
patients compared to neoplasia patients (Table 5). 
We observed that death rate for neoplasia is around 
3.86±0.35%, while for EMN this rate is three times 
higher, reaching 13.72±0.22%. It is noteworthy that the 
EMN death rate showed only a small variation over 
the 10 years under analysis, while total neoplasia grew 
gradually during the same period. In summary, EMN 
patients spent more time hospitalized and exhibited a 
higher death rate.

Discussion

A study showed that annual cost for treatment of 
CNS tumors in the USA in 2010 was the highest among 
all tumor types evaluated in the study.20 The same 
study projected that the total cost with the treatment 
of cerebral tumors in the USA would increase by more 
than 20% from 2010 to 2020.

Despite the small number of patients compared to 
other neoplasia types, the direct and indirect economic 
impacts caused by high EMN treatment costs and 
mortality are substantial.22,23 As an example, Tykocki 
and Eltayeb24 published a meta-analysis identifying 
the 10-year survival rate in GB-diagnosed groups 
involving more than 30 studies between 1950 and 
2010. The authors observed that this percentage was 
less than 1% even after the use of the entire available 
therapeutic arsenal in the respective decades. In Brazil 
the reality is the same. Regarding patient mortality, 
a study by Monteiro and Koifman21 revealed that, 
in Brazil, the mortality rate due to cerebral tumors, 
whether malignant or not, increased by almost 50% 
from 1980 to 1998, mainly in the adult and elderly 
population groups. 

In the present study we observed that EMN 
treatment costs are high and directed to a small number 
of patients. Additionally, we evaluated that the death 
rates related to EMN were three times higher than those 
of other neoplasia in the decade under analysis, despite 
the use of the entire therapeutic arsenal.  

Back in the 1990s, Silverstein and colleagues25 
published a work analyzing grade III astrocytoma or GB 
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patients between 1987 and 1992, which showed that the 
cost per patient at that time exceeded US$67,000, taking 
in account the entire therapeutic process. More recently, 
a study from the first decade of this century showed that 
each temozolomide (TMZ) cycle for recurrent glioma 
treatment cost more than €2,000/month per patient at 
that time. In a critical and elucidative review, Raizer and 
colleagues23 compared direct medical costs and other 
encephalic neoplasia treatment-related factors among 
ten works in the literature. The authors confirmed that 
adjuvant therapies, such as the use of irinotecan and 
bevacizumab, increased the cost of treatment greatly. As 
an example, treatment with only bevacizumab cost up 
to US$240,000/year for a 70kg patient. Comparatively, 
our study showed that EMN patients exhibited almost 
double the costs for the SUS in comparison with other 
neoplasia patients—even though we were unable to 
compare numeric values from 2008 to 2017 because 
of variations in the exchange rate of the Brazilian real 
(currency) in relation to the euro and the dollar. The 
high effective cost for patients, families, or health care 
systems is, however, clear.

Clearly, a long and winding road that must be 
traveled until we reach more efficient therapeutic 
strategies. Bernard-Arnoux and colleagues28 developed 
a model for calculating the cost-benefit of adding some 
therapies to the standard treatment for GBs. As a result, 
they observed that the increase in life expectancy 
barely surpassed 4 months with a total cost per patient 
greater than €180,000 until decease. Our study showed 
that death rates and mean hospitalization time did not 
vary during the decade under analysis in Brazil, as also 
observed in literature.

Nevertheless, the literature shows that new 
therapies are being used in vitro, in vivo and even in 
clinical trials for EMN with the objective of improving 
the effectiveness of treatments, enhancing patients’ 
lifespan and reducing the death rate. A recent emerging 
and low-cost approach is drug repositioning—i.e. 
revisiting old drugs in order to find new therapeutic 
targets and reformulating their clinical indications, 
including cancer treatment. This strategy is appropriate 
for EMN and GB, being one of the most promising 
approaches nowadays due to its low cost and the 
wide variety of targets when a combination of drugs 
are used.15,27 As an example, we can cite the use of 
sulfasalazine, a well-known anti-inflammatory 
drug used since the 1940s to treat chronic bowel 
inflammatory diseases and arthritis, and its discovered 

action in blocking the xC- transport system, the 
essential mechanism in GB for generating glutathione 
and recovering from oxidative stress.11,29,30 Higher 
cost options can be considered as well for improving 
the overall survival rate of EMN patients, such as the 
use of adjuvant monoclonal antibodies—especially 
bevacizumab, a vascular endothelial growth factor-
receptor (VEGF-R) targeted antibody.31,32 Specifically, 
many clinical trials concerning GB treatments 
highlight that, following the pioneering work of Stupp 
and colleagues,33 the use of a treatment combining 
alkylating agent temozolomide and radiotherapy 
increases the overall survival rate of patients—which 
can be increased even further if GB cells exhibit tumoral 
O-6-methylguanine-DNA methyltransferase (MGMT) 
promoter methylation.26,33-36

Since EMNs are a genetically broad and heteroge-
neous group of tumors, it is clear to us that investment 
in basic and clinical studies that can unravel their 
biology, progression and pathogenesis is essential. 
With regard to genetic specificities, another practical 
approach is appropriate for EMNs. Precision medicine 
in cancer mainly looks for the variability of individ-
ual patient genetics for prevention, care and therapy, 
instead of a one-drug/one-dose/one-treatment-fits-all 
model, thereby helping to reach a better outcome for 
each patient.37 Since 2016 we have identified genetical-
ly different GB subtypes (such as IDH gene mutant or 
wild-type), indicating that molecular subclassification 
is a useful tool for improving cancer treatments. In 
fact, precision medicine has already been pointed out 
as an excellent approach to achieve better results for  
EMN patients.38-40

Moreover, we can observe that EMN treatment in 
Brazil and worldwide is a high cost and low efficiency 
process with regard to decreasing the death rate 
of patients. However, new therapeutic approaches 
are now on the horizon and must be considered as 
adjuvant therapies for standard protocols. This study 
concluded that, from 2008 to 2017, SUS expenses with 
EMN patients surpassed mean expenditures per patient 
overall and on neoplasia in general, despite the small 
number of EMN patients. Even using state-of-the-art 
therapies, neither mean hospitalization time nor the 
death rate of EMN patients fell during the 10 years 
under analysis. Thus, these treatments still involve high 
costs that are not converted into significant increases in 
life expectancy, in concordance with other worldwide 
studies. Especially in the case of GB patients, palliative 
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care alternatives unfortunately still remain the only 
plausible solution despite all therapeutic protocols. 
Still, patients and families can have the option of 
advanced care planning (ACP) for decision-making, 
especially in the end-of-life phase.41
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