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Abstract
There is no evidence that prolonged pre diagnostic symptomatic intervals (PSI) increases the risk of death in pediatric brain tumors.
When investigating the role of time previous research had not controlled for confounding variables or measured the pretreatment
interval (PTI).We use the term global delay interval (GDI) to describe the sum of PSI and PTI. The aim of this researchwas to evaluate
whether there was a decrease in the probability of survival in children with brain tumors due to a prolonged PSI, PTI and GDI, using a
multivariate survival analysis. We retrospective review 127 clinical records labeled with the diagnosis of CNS tumors attended at a
specialized pediatric center inMexico City from January 2008 toDecember 2012. Patients with PSI andGDI diagnosed between 3 and
6 months showed statistical lower probability of surviving that those with intervals <3 months even when adjusting for age, sex,
localization and tumor grade. When stratified for the place of residency and adjusted for sex, age, localization, grade of tumor, type of
surgery and coadjuvant therapy, a GDI between 3 and 6 months showed to be a risk factor for the overall survival of brain tumors
compared with an interval < 3 months. When analyzing the interaction, high grade tumors are at more risk of dying when GDI was
between 3 and 6 months compared to <3 months. Prolonged PSI and GDI showed to be a potential prognostic factor for survival in
CNS tumors, especially in high grade tumors. Future prospective research should measure the PSI, PTI and GDI and adjust for
covariates in order to properly infer the effect of time in pediatric brain tumors.
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Abbreviations
CNS Central Nervous System
USA United States of America
PSI Prediagnostic Symptomatic Intervals
PTI Pretreatment Interval
GDI Global Delay Interval
GDP Gross Domestic Product
HIMFG Hospital Infantil de México Federico Gómez
IQR Interquartile Range
CI Confidence Interval
OS Overall Survival
CNS ET/RF CNS Embryonal tumor with

rhabdoid features

Introduction

Central Nervous System (CNS) tumors are the second most
common cancer in children (26%) followed by leukemias
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(28%) [1]. They have an incidence of 3.3 to 4.5 cases per
100,000 people per year in the United States of America
(USA) [1] and are the leading pediatric cause of death from
neoplasm [2]. In this country, between 1970 and 2012, there
was a 31% reduction in the mortality of children with CNS
tumors compared to a 76% reduction in leukemia [3]. The
variability of the presenting symptoms makes the accurate
diagnosis a clinical challenge [4]. In Latin America, there is
little information about their global survival and associated
prognostic factors, and no data reported from Mexico [5].

The prediagnostic symptomatic intervals (PSI) are more
prolonged in CNS tumors than in other pediatric neoplasms
[6]. It may vary from several weeks to months [4, 7–21] but it
has not yet demonstrated that prolonged intervals can increase
the risk of death [11]. However, it has shown to have impli-
cations in the functional prognosis of the patients [22]. The
time that elapses between the early symptoms and the first
treatment includes the PSI and the pretreatment interval
(PTI) [23–25]. Therefore, we consider the hypothesis that
the sum of the PSI and PTI was a more accurate measurement
of the potential influence of time in brain tumors and used the
term global delay interval (GDI) to describe it. The GDI in-
cludes the delays caused by the individual health system of
each country [6].

When investigating the role of time previous research had
not controlled for confounding variables or measured the PTI.
Therefore, the main objective of this research was to retro-
spectively evaluate whether there was a decrease in the prob-
ability of survival in children with brain tumors due to a
prolonged PSI, PTI and GDI, using a multivariate survival
analysis. As a secondary goal, and due to a lack of reports in
Mexico, we describe the global five year survival rate and
prognostic factors of the brain tumors attended in a specialized
third level pediatric center in Mexico City.

Methods

Setting

Mexico has a population of little more than 126million people
[26], 31.4% of which are between 0 and 17 years [27]. It is an
upper middle income country with a Gross Domestic Product
(GDP) per capita of $9715 USD in the fourth quarter of 2018
[28]. Of the total population, 48.8% have an income below the
poverty line and 16.2% have no access to healthcare services
[29]. The “Hospital Infantil de México Federico Gómez”
(HIMFG) is a specialized third level pediatric center located
in Mexico City, in the central area of the country. It was
founded in 1943, as the first National Institute of Health in
Mexico [30]. The HIMFG oversees attending the most vul-
nerable population, children without insurance or social med-
ical care. Between 1970 and 2004 the most common reported

cases of brain tumors (n = 810) were astrocytomas (32%),
medulloblastoma (19%), craniopharyngioma (11%),
ependymomas (10.24%) and germinomas (4%), with an im-
portant increase in the number of surgical procedures in those
years [31].

Patients and Data Collection

We conducted a retrospective study and reviewed the clinical
records of patients between one month and sixteen years la-
beled with the diagnosis of CNS tumors attended the HIMFG
from January 2008 to December 2012. A total of 253 cases
were found with only 127 meeting the inclusion criteria. The
reasons for exclusion were: Tumor with extracerebral origin
(n = 32), incomplete data because of treatment in other health
center (n = 26), a final diagnosis that ruled out a brain tumor
(n = 25), incomplete data (n = 22), neurocutaneous syndrome
(n = 16) and family members did not accepted treatment and
were lost in follow up (n = 5).

Demographic characteristics were collected, survival time,
PSI and PTI was calculated from the moment of the neuroim-
aging diagnosis either by Computed Tomography or
Magnetic Resonance Imaging. The PTI was defined as the
first treatment indicated. This treatment could have been a
total or partial surgical resection and in the case of biopsy or
no surgical procedure, radiotherapy or chemotherapy. Brain
tumors were classified according to histopathological charac-
teristics and in the cases that there was none, neuroimaging
was evaluated by two neuroradiologists. The names of the
tumors were standardized to be in line with the International
Classification of Diseases for Oncology, 3rd Edition, codes
can be found in Supporting Information Table S1. The main
categories for analysis were High and Low grade tumors
(grade I-II and III-IV respectively) according to the WHO
2007 classification. Total resection was defined as a surgical
intervention that resected more than 80% of the tumor.

Statistical Analysis

Statistical analysis was performed using R (version 3.6.2) and
RStudio (Version 1.2.5001). The survival 2.44–1, flexsurv
1.1.1, KMsurv 0.1–5 and survminer 0.4.3 packages were
used. Numeric data were analyzed using the median and in-
terquartile range (IQR) as a measure of dispersion due to
skewed data. Survival was censored to the right until
March 2018. The survival rate was calculated using the
Kaplan-Meier estimates and the log-rank test was used to
compare the survival of different groups. The hazard ratio
was analyzed using Cox regression. Only p values <0.05 were
considered statistically significant.

The proportional hazards assumption was evaluated based
on the scaled Schoenfeld residuals. The variables PSI, PTI and
GDI were converted from days to categorical intervals of
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Table 1 Summary of patient, tumor, and treatment details

Tumor Grade

Low High

n 67 60

sex =Male (%) 35 (52.2) 33 (55.0)

Age (median [IQR]) 6.00 [4.00, 9.00] 5.00 [3.00, 7.00]

Categorical age (%)

>6 years 31 (46.3) 19 (31.7)

<=3 years 11 (16.4) 22 (36.7)

3–6 years 25 (37.3) 19 (31.7)

Place of residency (%)

Mexico City 30 (44.8) 27 (45.0)

State of Mexico 19 (28.4) 19 (31.7)

Other areas 18 (26.9) 14 (23.3)

Survival time (median [IQR]) 96.00 [84.00, 120.00] 24.00 [7.00, 99.00]

Deceased (%) 9 (13.4) 31 (51.7)

Type of tumor (%)

Pilocytic Astrocytoma 36 (53.7) 0 (0.0)

Classic Medulloblastoma 0 (0.0) 23 (38.3)

Classic Ependymoma 12 (17.9) 0 (0.0)

Craniopharyngioma 9 (13.4) 0 (0.0)

Diffuse Midline Glioma 0 (0.0) 15 (25.0)

CNS ET/RF* 0 (0.0) 8 (13.3)

All other tumors 10 (14.9) 14 (23.3)

Localization = Supratentorial (%) 32 (47.8) 14 (23.3)

Tumor Grade = High (%) 0 (0.0) 60 (100.0)

Type of surgery (%)

Total resection 27 (40.3) 13 (21.7)

Biopsy 9 (13.4) 4 (6.7)

None 3 (4.5) 14 (23.3)

Partial resection 28 (41.8) 29 (48.3)

Coadjuvant treatments (%)

Both 29 (43.3) 51 (85.0)

Chemotherapy alone 2 (3.0) 3 (5.0)

None 18 (26.9) 3 (5.0)

Radiation therapy alone 18 (26.9) 3 (5.0)

Prediagnostic symptomatic intervals [days] (median [IQR]) 120.00 [60.00, 180.00] 90.00 [52.50, 150.00]

Prediagnostic symptomatic intervals [categorical] (%)

<=3 months 33 (49.3) 31 (51.7)

3–6 months 19 (28.4) 22 (36.7)

>6 months 15 (22.4) 7 (11.7)

Pre treatment interval [days] (median [IQR]) 13.00 [10.00, 18.00] 14.00 [10.00, 20.00]

Pre treatment interval [categorical] = >13 days (%) 31 (46.3) 31 (51.7)

Global delay interval [days] (median [IQR]) 128.00 [68.00, 198.00] 115.00 [60.50, 170.00]

Global delay interval [categorical] (%)

<=3 months 21 (31.3) 23 (38.3)

3–6 months 24 (35.8) 25 (41.7)

>6 months 22 (32.8) 12 (20.0)

*CNS Embryonal tumor with rhabdoid features
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months in order to fulfill the proportional hazards assumption.
Due to the clinical relevance, the median (90 days) of the PSI
was used as a base (3 months) for the construction of the PSI
and GDI categories. Surgery and coadjuvant treatment
showed to be time dependent variables. The place of residence
of the patients was used as strata in order to include them as
important confounding variables. This correction was not
achieved for the main categorical tumor type, so we used the
grade in order to include the type of tumor in the cox regres-
sion analysis. Hazard estimates were similar across place of
residence (log-rank test p = 0.23) and within each stratum the
impact of the covariate of interest on the hazard ratio was not
s ta t i s t i ca l ly d i f fe ren t (p > 0.05) . There was no
multicollinearity between the variables that were included in
the final models. All multivariate analyses were evaluated
using the survival::cox.zph function and we reported only
the models with global values with p > 0.05.

Results

Demographic and Clinical Characteristics

Demographic and clinical characteristics of the patients can be
seen in Table 1. The median age at diagnosis was 5 years
(IQR: 3–8) with 68 males (53.5%) and 59 females (46.5%).

High grade tumors accounted for 47.2% (n = 60) of the total
sample and 52.3% (n = 67) were low grade tumors. A detailed
summary of the main tumors can be found in the Supporting
Information Table S2.

The total pre symptomatic interval median was 90 days
(IQR: 60, 180; Max-Min: 5–1440) and 13 days (IQR: 10,
20; Max-Min: 1–200) for the pretreatment interval. When
we took into account both, we got a median global delay
interval of 120 days (IQR: 68, 190; Max-Min: 15–1500).
The median PSI for low grade tumors was 120 days (IQR:
60, 180) and for high grade tumors 90 days (52.5, 150). PTI
has a median of 13 days (IQR: 10, 18) for low grade tumors
and 14 days (10, 20) for high grade tumors. Median GDI was
128 (IQR: 68, 198) and 115 days (60.5, 170) respectively.

Survival Analysis

The Kaplan-Meier Curve with their respective survival table for
the main categories are shown in Fig. 1. At five years, the overall
survival (OS) was 70% (n = 127; 95% confidence interval, CI =
0.63–0.79). The shortest median survival time observed was
5.5 months (IQR: 3.5–19.5) for patients with Embryonal
Tumor with Rhabdoid Feature followed by Diffuse Midline
Glioma with 7 months (IQR: 5.0–8.5). The five year OS for
patients with low grade tumors was 88% (n = 67, OS = 0.88;
CI = 0.80–0.96) and 50% for those with high grade tumors
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(n = 60, OS = 0.50; CI = 0.39–0.65), the log-rank test showed a
statistical significant difference (p < 0.0001).

In respect of the patients with tumors from the category
others, five-year after diagnosis the number of patients who
were alive was as follows: Anaplastic Ependymoma 1 of 4
(75%), Primitive Neuroectodermal Tumor 3 of 5 (60%),
Diffuse Astrocytoma 2 of 3 (67%) and Glioblastoma
Multiforme 1 of 2 (50%). All the patients with Anaplastic
Astrocytoma (n = 2), Choroid Plexus Papilloma (n = 3), and
patients with Undifferentiated Tumors (n = 5) were all alive
at the five-year cut. A summary of the category others can be
found in the Supporting Information Table S3.

Prognostic Factors

Factors predicting poor outcome by univariate analysis were
localization, grade of tumor and pre symptomatic interval
(Table 2). They maintained their influence in outcome when
we stratified for the place of residency in order to include the
time dependent variables. (Table 2). In the univariate strati-
fied analysis type of surgery and coadjuvant therapy had an
influence on outcome. The multivariate stratified model was
used as the final model in order to allow the adjustment for
the type of surgery and coadjuvant therapy as well for the
other clinically relevant variables (Table 3).

When adjusted for sex, age, localization, grade of tumor,
type of surgery and coadjuvant therapy, the pre symptomatic
interval and pretreatment interval showed no statistical dif-
ference in their hazard risk in the stratified model. Those
diagnosticated between 3 and 6 months (n = 41, hazard ratio,
HR = 1.61; 95% CI = 0.71–3.68, p = 0.257) and > 6 months
(n = 22, HR = 0.65; 95% CI = 0.21–2.02, p = 0.460) showed
no difference when compared with those diagnosticated
<3 months (n = 64). Finally, the adjusted stratified model
showed that patients that were treated >13 days (n = 62)
showed no difference (HR = 1.02; 95% CI = 0.48–2.17,
p = 0.963) in comparison with those treated <=13d (n = 65).

When a global delay interval between 3 and 6 months
(n = 49) was included in the stratified model as a separate
factor, the univariate analysis did not show it to influence
survival (HR = 1.88; 95% CI = 0.89–4.01; p = 0.100) when
compared with those with a delay <3 months (n = 44).
However, when we adjusted for all the other prognostic fac-
tors, a global delay between 3 and 6 months showed to be a
risk factor for the overall survival (n = 49, HR = 2.46; 95%
CI = 1.04–5.83; p = 0.040) when compared with an interval
< 3 months (n = 44). Additional factors that predicted poor
outcome on this multivariate stratified model were: High
grade tumors (n = 60, HR = 4.99; 95% CI = 1.55–16.04;
p = 0.007) when compared to low grade tumors (n = 67)
and partial resection (n = 57, HR = 16.18; 95% CI = 2.82–
92.82; p = 0.002), biopsy (n = 13, HR = 46.98; 95% CI =
6.41–344.39; p < 0.001) and no surgical intervention (n = 17, Ta
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HR = 53.30; 95% CI = 9.08–313.02; p < 0.001) when com-
pared to those who had a total surgical resection (n = 40).
When analyzing the interaction between grade of tumor and
the categorical GDI we found that high grade tumors are at
more risk of dying when GDI was between 3 and 6 months
compared to <3 months (HR = 4.05; 95% CI = 1.13–14.46;
p = 0.03) contrary to low grade tumors (HR = 0.50; 95%
CI = 0.064–3.84; p = 0.50).

Discussion

Survival Analysis

Our patients overall five year survival of 70% (n = 127, OS =
0.70; 95% CI = 0.63–0.79) approximates the one reported
from the USA between 2000 and 2015 of 73% (n = 9699;
OS = 0.73, 95% CI = 0.72–0.74) for children of 0–14 years
[32]. Other high income countries have reported similar data
[33–35]. It is important to note that there is a great variability
between countries even of the same region, as can be seen in
Europe [36, 37]. In Latin America, Brazil reported a five year
survival of 45% (n = 103, OS = 0.45; 95% CI, 0.37–0.57)
[38], the only other survival research in our region
(Colombia) did not report global survival [39]. It also should
be considered that our results are a reflection of the children
that attend our specialized pediatric center (HIMFG) in
Mexico City, as there is regional variability in different insti-
tutions even from the same country [40–42].

Prognosis Factors

Surgery was the major therapeutic intervention that influenced
survival in children diagnosed with brain tumors, as has been
previously reported [43, 44]. In our sample, comparing those
that had total resection, the ones who had partial resection,
biopsy and no surgical treatment had more risk of dying.
When controlling for other confounding variables anatomical
localization had no influence on outcome, but these results
should be interpreted cautiously as the category was too broad
to detect change (infratentorial and supratentorial). More
Importantly, it should be reminded that neuroanatomical re-
strictions are the major determinant in what type of surgery is
performed [45].

Being a retrospective study where the main goal was not to
find the true effect of treatment modalities limits the scope of
the results in respect of chemotherapy and radiotherapy. We
did not control the type, doses or the location in the case of
radiotherapy. In addition to this, we had a group of heteroge-
neous tumors. However, the resistance of brain tumors and the
toxic profile of these coadjuvant treatments could be one of
the reasons for the slow reduction in mortality in comparison

to leukemia and why are the main causes of death secondary
to neoplasms in children [46].

Without adjusting by type of tumor, prolonged PSI had
already been associated with a better survival probability in
pediatric brain tumors [47]. Patients with low-grade tumors
have shown a higher PSI that is considered due to their low
growth and the presence of atypical symptoms that makes
their diagnosis difficult [48]. Prolonged survival in patients
diagnosed >6 months may be because of patients with low-
grade tumors. It is considered that this effect may be due to the
slow growth and less aggressive nature of low grade tumors
[47].

Previous research found a subset of pediatric patients that
can benefit from an earlier diagnosis in terms of survival that
included brain tumors [49]. In our sample high grade tumors
had a lower probability of survival in comparison to low grade
tumors. When we test for the interaction of GDI we found that
this group had a lower probability of survival when the inter-
val was between 3 and 6 months compared with those with
GDI below 3 months. In children with medulloblastoma (the
most common pediatric high grade brain tumor), PSI had no
influence on survival [50]. However, PTI was not taken into
account and their sample had a PSI of 2 months (n = 224; IQR:
1.0–3.0) [50]. This shorter interval in comparison to ours
could explain why they did not find an effect. In addition to
this, they did not report the adjusted hazard risk and used the
univariate log-rank analysis to conclude that patients with lon-
gest PSI had the best survival outcome (PSI = > 4.0 months:
10-year OS rate, 71%; PSI <4.0 months, 10-year OS, 61%;
p = 0.056) [50].

Limitations

Some of the limitations of our study had already been
discussed. In addition to them, it should be considered that
we had a small heterogeneous sample and used a retrospective
design. However, these findings are the first one to show
evidence of an effect of time using a multivariate cox regres-
sion model. This allowed us to control for confounding vari-
ables and found a higher risk in high grade SNC tumors in
children diagnosed between 3 and 6 months compared with
those <3 months. Another important limitation regarding the
GDI is that his role could be because of the effect of PSI,
although these changes depending on the variables that are
controlled. Nevertheless, this study is the first research that
attempts to investigate the role of PTI and GDI as a prognostic
factor.

In conclusion prolonged PSI and GDI showed to be poten-
tial prognostic factors for survival in pediatric patients with
high grade tumors. Early detection should remain a priority,
but it should also take into account if the workflow in each
country’s healthcare system ensures an early treatment. When
investigating the time since the start of symptoms and his
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influence in the survival of pediatric CNS tumors previous
research considered only the pre symptomatic interval. In
low middle countries such as Mexico, the timing of the first
therapeutic intervention could be more prolonged due to prob-
lems within the healthcare systems. Future prospective re-
search should measure the PSI, PTI and GDI and adjust for
covariates in order to properly infer the effect of time in pedi-
atric brain tumors.
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