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Introduction

The diagnosis and treatment of patients with cancer in 
Mexico is available to its population via publicly and 
privately administered institutions. According to the 
Organization for Economic Cooperation and Development 
(OECD), Mexico has the highest ratio of public to private 
sector facilities at 11.4 public hospitals and 28.6 private 
hospitals per 1 million inhabitants (1). The majority of 

public institutions are overseen by the Department of 
Health at both the federal and local levels, with a smaller 
portion administered by other branches of government. 
These institutions provide healthcare to the vast majority 
of Mexicans (76.9%) (2). Within the public sector three 
systems provide most of the available services: the Mexican 
Institute of Social Security (IMSS), the Institute for Social 
Security and Services for State Workers (ISSSTE), and 
community hospitals operated by local governments. 
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Medical expenses in these hospitals are covered by 
government-sponsored programs with a fraction paid by the 
patient as out-of-pocket fees, or by the employers.

Private institutions in Mexico, which are primarily 
located in urban areas, provide healthcare to a smaller 
percentage of the population and accept payment through 
insurance or out of pocket fees. These hospitals and clinics 
vary in size and scope of practice. They may be affiliated 
with academic centers and aid in the education of healthcare 
professionals. In addition, some private institutions 
conduct preclinical and clinical research. Patients with 
neoplasms affecting the central nervous system are treated 
by a multidisciplinary team of physicians which includes, 
when available, a neurosurgeon, and medical and radiation 
oncologists. Recently two formal neuro-oncology training 
programs were established.  

Epidemiology of glioblastoma in Mexico

Statistical data regarding the incidence of cancer in 
Mexico, including glioblastoma, is largely unavailable 
due to the lack of a national tumor registry. The National 
Institute of Neurology and Neurosurgery (NINN) 
conducted a retrospective analysis using records of all 
cases of intracranial neoplasms between 1988 and 1994 
in order to evaluate the overall frequency of intracranial 
tumors and prognostic factors for glioblastoma in Mexican 
patients. Within that 7-year period, 1,776 patients with 
intracranial neoplasms were treated at the NINN. The 
distribution of patients included 586 (33%) with gliomas, 
165 of which were glioblastomas (WHO grade IV). Sixty 
two percent of the patients were male, 38% female with 
52% of them living in rural areas. Forty-one percent of 
patients survived less than 1 year, 39% between 1 and  
2 years, 12% between 2 and 3 years and 8% more than  
3 years (3).

In a more comprehensive study, also conducted at 
the NINN, patients treated between 1964 and 2016 (a  
52-year period) were evaluated. A total of 9,615 cases of 
primary brain tumors or brain metastases were recorded, 
with 3,346 gliomas distributed as follows: 1,220 (12.6%) 
astrocytomas I–III, 1,586 (16.4%) glioblastoma, 154 (1.6%) 
ependymomas, 121 (1.2%) oligodendrogliomas, and 265 
(2.7%) oligoastrocytomas. The mean age at diagnosis was 
46.4 years in patients with glioblastoma (4).

The Spanish Hospital of Mexico, a private institution, 
performed an analysis of their patient population seen 
between 1993 and 2013 (a 20-year period). This cohort 

included 511 patients with intracranial tumors, 57% of 
whom were female and 43% male, with a median age 
at diagnosis of 49.3 years. In this report glioblastoma 
represented 24% of the diagnosed neuroepithelial  
tumors (5). One of the major limitations of all of 
these studies is that they report on the experience of 
single institutions in Mexico City, which might not be 
representative of the country’s population and incidence. 

Current management of glioblastoma in Mexico

In 2015, the first consensus regarding the treatment of 
patients with glioblastoma was published by the Mexican 
Interdisciplinary Group on Neuro-oncology Research 
(GIMINO) (6). It recommended taking into consideration 
patients’ age, clinical and functional status, as well as the 
size and location of their tumor in order to determine 
an appropriate course of action. It also recommended 
discussing the potential risks and benefits of treatment 
with the patient before committing to a plan. For patients 
under 70 years of age with a Karnofsky performance status 
(KPS) greater than 70, the recommended frontline therapy 
included maximal safe resection followed by concurrent 
radiation and chemotherapy using temozolomide and six 
cycles of adjuvant temozolomide. In addition, the authors 
suggested administering bevacizumab as part of this 
regimen, despite a lack of overall survival benefits in clinical 
trials (7,8). For patients older than 70 years, but with a 
KPS >70, the recommendation was to decrease the dose of 
radiotherapy to 50 Gy and omit concurrent temozolomide. 
This recommendation is based on clinical trials evaluating 
different radiation regimens, although unfortunately, the 
evidence is weak as none of these studies compared their 
population to standard therapy which includes concurrent 
chemoradiation followed by 6 cycles of adjuvant TMZ  
(9-11). For patients older than 70 who have poor 
performance status, the authors suggest using temozolomide 
as monotherapy or offering palliative care options.

Other options discussed in their recommendations 
include a regimen with procarbazine, lomustine and 
vincristine. It is important to note that access to lomustine, 
the most critical component of this combination in the 
treatment of gliomas, is very limited in Mexico. As a less 
effective option, carboplatin was mentioned with the only 
attractive feature being its low cost. 

Due to the lack of standardization of care and to the 
limited available data on clinical practices across the country, 
it is challenging to describe in a granular fashion the current 
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management for glioblastoma that any given patient might 
receive. Unpublished data from the NINN suggests that 
the diagnosis of glioblastoma is confirmed in the majority 
of patients based on a histopathological analysis from a 
biopsy or resection tissue sample by a neuropathologist. 
At the NINN the evaluation of IDH1 mutational status 
is infrequently performed and when it is, it is determined 
by immunohistochemistry techniques. The determination 
of MGMT promoter methylation at this institution is not 
currently feasible and therefore does not influence decisions 
regarding therapy with an alkylating agent. In contrast, 
patients covered by medical insurance who seek treatment at 
private institutions or some large academic centers are more 
likely to have additional testing and resources available to 
them, including molecular sequencing and determination 
of the MGMT promoter methylation status. In smaller 
community hospitals, pathology slides may be reviewed by a 
general pathologist without access to genomic testing. 

Surgical treatment involves maximal safe resection. The 
location and extension of the tumor dictates the surgical 
approach, which ranges from a stereotactic biopsy in the case 
of deep-seated lesions to gross total resection when the tumor 
is located in a non-eloquent area of the brain through the use 
of neuro-navigation. Awake craniotomies are performed in 
patients with masses affecting language function and electric 
stimulation when involvement of motor areas is suspected. 
Fluorescence with 5-aminolevulinic acid is also occasionally 
used to visualize tumor extension.

The implantation of carmustine wafers and the prescription 
of tumor treating fields are not standard practices as they are 
not readily available due to their high costs.

Preclinical and clinical research

Research in the field of glioblastoma is mainly conducted by 
academic institutions, which occasionally collaborate with 
large private healthcare systems in their efforts to better 
understand the pathophysiology of gliomas and to improve 
diagnostics and treatment of patients affected by these 
tumors. The aim of this paper is not to be a comprehensive 
account of the body of research performed in Mexico; the 
following examples of research represent a small fraction of 
studies performed to date in the country and is only meant 
to convey a broad sense of recent investigations.

Molecular and neuroimaging biomarkers in glioblastoma

A novel approach using diffusion tensor imaging (DTI)-

derived biomarkers to evaluate the brain of patients with 
glioblastoma was studied in a phase 2 clinical trial to 
better define areas affected by tumor when compared to 
standard imaging techniques. The results suggest that 
using a predictive model composed of three metrics 
including axial diffusivity, spherical tensor, and linear 
tensor can differentiate between glioblastoma and normal 
brains through a discriminant analysis (12). Additionally, 
a case-control study was conducted using eleven DTI-
derived metrics from magnetic resonance imaging to 
globally evaluate the brains of 27 patients and 34 controls. 
The results suggest that this technology is able to detect 
significant differences between healthy brains and those 
affected by glioblastoma. The authors conclude that an 
advantage of using a global approach is that it allows for 
monitoring not only of the contrast-enhanced regions, but 
also the less evident tumor infiltration (13).

In another attempt at evaluating the prognostic value of 
imaging characteristics, Roldan-Valadez et al. investigated 
the contribution of several MRI biomarkers in glioblastoma. 
Their results suggest that a higher preoperative Choline-
to-N-acetyl acetate aspartate (Cho/Naa) ratio and a lower 
lipid-lactate-to-creatine ratio have predictive potential of 
survival which might be more relevant than the classic T2 
weighted pre-gadolinium and T1 weighted post-gadolinium 
volumetric standards (14).

The renin-angiotensin system (RAS) was evaluated 
for its potential role in the development and behavior of 
astrocytomas in a cohort of 48 patients by Perdomo-Pantoja 
and other investigators. They prospectively collected blood 
samples prior to surgery and analyzed the DNA using Ion 
Torrent next-generation sequencing. Their findings suggest 
that an AGT rs5050 GG-genotype is associated with 
poor prognosis in this population, making it a potential 
prognostic biomarker (15). 

Pathophysiology of glioblastoma

A multidisciplinary team from different institutions led by 
Orozco-Morales investigated the ability of tumor cells to 
evade the immune system by obtaining three transformed 
glioma cell lines (Rb−/−, RasV12, and Rb−/−/RasV12) by in vitro 
retroviral transformation of astrocytes. The researchers 
also injected RasV12 and Rb−/−/RasV12 transformed cells 
into immunodeficient mice and allowed tumor growth 
to occur. They then collected two stable glioma cell 
lines, which were characterized by evaluating their gene 
expression of Rb and Ras, morphology, proliferative 
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capacity, expression of MHC I, and their susceptibility to 
natural killer (NK) cell-mediated cytotoxicity. The results 
demonstrated that the transformation of astrocytes (via RB 
loss, Ras overexpression, or both) induces phenotypical and 
functional changes associated with resistance to NK cell-
mediated cytotoxicity (16).

Given that progesterone is produced in minute amounts 
by neurons and glial cells as a neurosteroid in certain regions 
of the brain, a team of researchers from the Autonomous 
National University of Mexico studied the effects of Org 
OD 02-0, a progesterone membrane receptor agonist, on 
human glioblastoma cell lines. The researchers evaluated the 
changes in cell number, proliferation, migration, invasion, 
and intracellular signaling after treating the cells in vitro and 
by conducting in vivo experiments. Their results suggest that 
progesterone may have a role, through various mechanisms, 
in the tumorigenesis of glioblastoma (17,18).

Clinical studies

The treatment of patients with glioblastoma within a 
clinical trial is recommended as the preferred frontline 
therapy for eligible patients with this condition, especially 
those with MGMT-unmethylated glioblastoma (19,20). 
Unfortunately, the availability of clinical studies for this 
patient population in Mexico is very limited. At the time 
of publication of this review, there were no clinical trials 
open for accrual to the best of our knowledge. In the past, 
investigator-initiated trials have been conducted as well as 
studies performed in collaboration with institutions in the 
United States and other countries.

Chloroquine was evaluated in a phase 2 clinical study 
due to its DNA-intercalating properties by administering 
in addition to conventional treatment for patients with 
glioblastoma in a randomized, double blind, placebo-
controlled trial. Thirty patients with histologically confirmed 
glioblastoma were accrued and overall survival was studied as 
the primary outcome. All participants received conventional 
chemoradiation and were randomized to concurrently receive 
either chloroquine (150 mg/d for 12 months starting on 
postoperative day 5) or placebo. The median survival was 
24 months for chloroquine-treated patients and 11 months 
for controls, although this was not a statistically significant 
difference, likely due to the small sample size they studied (21). 

Conclusions

Epidemiological data of glioblastoma in the Mexican 

population is largely unknown in great measure due to the 
lack of a national tumor registry for neoplasms of the nervous 
system and to the disparity in resources available throughout 
the country. The limited data available regarding treatment 
practices and outcomes does not allow for a comprehensive 
account of the state of neuro-oncology in the country. 
Anecdotal experience suggests that there is much need for 
the standardization of diagnostic evaluation, treatment, and 
monitoring of patients with glioblastoma. The development 
and execution of clinical trials should also be a priority in 
order to improve the quality of care and treatment options 
for these patients. To this end, additional funding and 
resources must be procured. Fortunately, some efforts are 
being done to contribute to basic glioblastoma research.
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