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Abstract
Purpose Diffuse Brainstem Glioma (DBG) is a catastrophic brain tumor with a survival rate of less than 10% two years 
after diagnosis despite the existence of different treatment protocols. Among the devices that use magnetic fields generated 
by Magnetic Resonance Imaging is Quantum Magnetic Resonance Therapy (QMRT).
Methods Five children diagnosed with DBG in our institution in Mexico City underwent treatment of compassionate use 
with QMRT between December 2018 and July 2019. A survival analysis was performed with previously reported historical 
data (n = 15).
Results Two patients (40%) survived after three years of follow-up; the log-rank test showed a statistically significant differ-
ence in overall survival between both groups (p = 0.032). All patients tolerated the treatment adequately without reporting 
any severe clinical or neuroradiological adverse effects. Of the patients included, all showed a decrease in the tumor one 
month after the end of the treatment, although there was great variability in the response and the difference was not statisti-
cally significant (p = 0.06).
Conclusions Although future investigations are needed to confirm the findings reported in the present study, the improvement 
in survival is promising for a group of patients whose prognosis has been catastrophic over the years.
Trial registration NCT03577600.

Keywords Pediatric brain tumor · Diffuse midline glioma · Diffuse intrinsic pontine glioma · Brainstem tumors · Magnetic 
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Introduction

Diffuse Brainstem Glioma (DBG) represents 10–15% of 
brain tumors and 80% of brainstem tumors [1, 2]. In the 
United States, DBG is diagnosed in approximately 300 

children yearly, with a median age of diagnosis between 6 
and 7 years [3]. Despite advances in the management of 
central nervous system neoplasms, DBG persists as a dev-
astating glial tumor with less than 10% of patients surviving 
beyond 2 years from diagnosis [4]. At our Institution, the 
Hospital Infantil de México Federico Gómez, we reported a 
median survival time of 7 months (IQR: 5.0–8.5), with none 
of the patients surviving beyond 2 years [5].

The physical fields generated by magnetic resonance 
imaging have been extensively studied in different modalities 
to carry out therapeutic actions that have shown promising 
results which indicate it to be safe as a therapeutic agent [6]. 
One of these modalities is Quantum Magnetic Resonance 
Therapy (QMRT), also known as CYTOTRON®, in which 
poly-dimensional, rotating target-specific, modulated radio 
frequencies are delivered in the presence of an instantane-
ous magnetic field (U.S. Patent 9,162,076 B2 awarded 20/10 
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2015, European Patent EP 175,350,831, awarded 3/11/2015, 
Chinese Patent issued 2010, 09/08) [7].

There is evidence that of low intensity, intermediate fre-
quency, electric fields inhibit cancerous cell growth in vitro 
in brain tumors by an anti-microtubule mechanism of action, 
[8]. In the only published clinical trial of a sample of adult 
patients (n = 86) that completed the treatment with QMRT, 
42% (n = 36) had no interval change in tumor characteristic 
after one month [7]. No data is provided about the ages and 
characteristics of the 13 patients that were included with 
brain tumors or if they were part of the group that responded. 
However, during therapy or in the follow up period no 
adverse event or adverse device effect severe enough-either 
superficial or systemic -to prompt therapy termination, were 
reported [7].

The devastating clinical course present in DBG patients 
makes them candidates for compassionate use of experimen-
tal treatments such as QMRT despite the existence of con-
ventional treatment [9]. QMRT has shown promising data 
in solid tumors in the adult population and with an adequate 
level of safety [7]. This report describes the compassionate 
use of QMRT for children diagnosed with DBG in our insti-
tution in Mexico City.

Methods

Between December 2018 and July 2019, five patients with 
a diagnosis of DBG by Magnetic Resonance Imaging were 
recruited as part of the compassionate use of QMRT in 
patients with brain tumors at our institution in Mexico City, 
Mexico (ClinicalTrials.gov: NCT03577600). The patients 
were subsequently registered until July 2021 and compared 
with previously published historical data of 15 patients with 
DBG diagnosed between January 2008 and December 2012 
[5]. The same radiological diagnosis criteria was used for 
the control and QMRT group, none of them had a surgi-
cal procedure for biopsy as is not a standard procedure in 
our Institution. All included patients received the standard 
conventional treatment with radiotherapy and temozolomide 
with no additional experimental medical therapies. None of 
the patients had any specific genetic syndrome. Prediagnos-
tic symptomatic interval was measured from the symptom 
onset to the neuroradiological confirmation, pre treatment 
interval from the radiological diagnosis to the initiation of 
the first conventional treatment and overall survival from the 
time of the neuroradiological diagnosis. The QMRT treat-
ment interval was measured from the last dose of radiother-
apy. Before entering the present study, they were evaluated 
by the neurosurgery, radiotherapy and oncology services 
and were considered candidates for compassionate use. All 
included patients presented clinical progression defined as a 

persistent decrease in the Lansky Performance Scale in the 
last two months.

All guardians or legal guardians, as well as patients, if 
applicable, signed the informed consent and assent form in 
accordance with international ethical standards and those 
established within our Institution. The protocol used was a 
daily treatment of one hour a day for 28 days without inter-
ruption with QMRT without sedation. The details of the 
procedure can be seen in Kumar, R., et al. [7], using radiof-
requency in degenerative ranges directly targeting the tumor.

Survival was measured from the radiological diagnosis 
of DBG. A control brain Magnetic Resonance Imaging 
(MRI) was performed one week before treatment and one 
and twelve months after the application of the treatment. 
Lansky Performance Scale was measured with every MRI. 
An independent neuroradiologist performed the tumor meas-
urements using the technique described by Richtig, E., et al. 
[10], before and after the treatment. Statistical analysis was 
performed using R (version 4.0.4) [11] and RStudio (Version 
1.4.1106) [12] with the packages 'survival' version 3.2–7 
[13] and 'survminer' version 0.4.9 [14]. Survival time was 
used as a measure of comparison. The survival rate was cal-
culated using the Kaplan–Meier estimates and the log-rank 
test was used to compare the survival of different groups. 
The paired-sample Wilcoxon signed-rank tests were used to 
compare the volume before and one month after treatment. 
A p values of less than 0.05 were considered to indicate a 
significant difference.

Results

Five patients met the inclusion criteria. The characteristics 
of these patients, as well as the historical control group 
are shown in Table 1. The median age at diagnosis of the 
group treated with QMRT was 5 years (IQR: 4–7). The pre 

Table 1  Summary of patients

Type of Treatment

QMRT Control

N 5 15
Sex = Male (%) 3 (60.0) 9 (60.0)
Age (median [IQR]) 5.00 [4.00, 7.00] 6.00 [5.00, 7.00]
Survival time (median 

[IQR])
22.00 [11.00, 30.00] 7.00 [5.00, 8.50]

Deceased (%) 3 (60.0) 12 (80.0)
Prediagnostic symptomatic 

interval [months] (median 
[IQR])

4.00 [3.00, 5.00] 4.00 [2.00, 5.00]

QMRT treatment interval
(median [IQR])

3.00 [2.00, 3.00] 0.00 [0.00, 0.00]



Journal of Neuro-Oncology 

1 3

treatment interval median for the first conventional treat-
ment for the QMRT group was 10 days (IQR: 5–20) and 
12 (IQR; 9–20) for the historical control. The median time 
since the last radiotherapy session before the compassion-
ate use was 3 months (IQR: 2–3). All patients tolerated the 
treatment adequately without reporting any severe clinical or 
neuroradiological adverse effects. During the cycle, within 
the next hour of application of the treatment and in no more 
than 50% of sessions, three reported sensation of thirst, two 
mild headaches, one generalized paresthesia, and one mild 
dizziness. No adverse effects required intervention and were 
resolved upon treatment completion. The mean survival of 
the group treated with QMRT was 22 months [IQR: 11–30] 
and of the historical controls, it was the previously reported 
7 months (IQR: 5–8.5). The survival group did not receive 
any additional treatment during the follow up.

The Kaplan–Meier curve with its corresponding survival 
table for the two groups is shown in Fig. 1. None of the his-
torical controls had survived (n = 15), while those treated 
with QMRT (n = 5) had 40% remained alive two years after 
diagnosis (n = 2), an effect that has been maintained three 
years after the onset of treatment. The log-rank test showed 
a statistically significant difference in overall survival 
between both groups (p = 0.032). Of the patients included, 
all showed a decrease in the tumor one month after the end 

of the treatment, although there was great variability in the 
response and the difference was not statistically significant 
(p = 0.06). Individual values are shown in Table 2 and their 
images in Fig. 2.

Discussion

Despite the use of various treatment strategies both conven-
tional and experimental, the prognosis of DBG patients has 
not improved in at least three decades [1, 15]. Regardless of 
the efforts made with different therapeutic modalities over 
the years, less than 10% of patients survive two years after 
their diagnosis [4, 16]. The improvement in survival in the 
population studied in our report represents an advance com-
pared to those reported with other treatment schemes [17].

The therapeutic use of electromagnetic fields for the 
treatment of cancer is an active area of research that has 
yielded promising results in tissue, animal, and clinical 
studies, leaving behind the initial controversies and skep-
ticism [18, 19]. Among the evidence in animal studies, it 
is considered their ability to inhibit tumor growth by the 
effect caused by the iron molecules that control the fold-
ing of p53 and the binding activities to DNA [20]. This 
is one of the possibilities that explains the reason for the 

Fig. 1  Kaplan Meier survival 
curve and table by treatment 
group
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improvement observed in our group of patients, with the 
important advantage of not provoking significant adverse 
effects or secondary injuries. Another explanation could be 
an indirect effect in the microglia surrounding the tumor 
[21], an effect that has been demonstrated also in animal 
models [22].

The use of QMRT in adults with solid tumors has previ-
ously been shown to be a viable palliative treatment option 
[7], and it is unrelated to other pseudo therapies that have 
used the same term [23]. Their classification among mag-
netic field-based therapeutic modalities [24] is still open 
to debate [6]. We considered that the choice of the word 
“quantum” is not justified by the inventors and is a term that 
causes confusion in the scientific community. Efforts should 
be expanded in search of concrete data that demonstrates its 
true mechanism of action, beyond the theoretical framework 
that led to its invention. Leaving aside these controversial 
points, the results of the present investigation with a three-
year follow-up allowed us to establish that QMRT prolongs 
overall survival in a statistically significant way (p = 0.032) 
in patients with DBG. These results are promising when 
we compare them to those previously reported using other 
treatments [25].

Among the limitations of the current study is the need 
to increase the number of patients in the treatment cohort 
to verify the promising results obtained in our sample. 
Future research should contemplate measurement of other 
clinical variables such as functionality, quality of life as 
well the development of measurement scales such as clini-
cal scores specific to DBG that would allow us to better 
evaluate the clinical response of patients to treatment [26]. 
Analysis of biopsy material could also help to determine if 
there are molecular differences between the tumor types; 

this could help better understand mechanisms behind the 
heterogeneous response of our sample group [27, 28]. 
Biological variability in the type of tumor could explain 
the positive response in a subgroup of DBG patients, but 
this invasive procedure is not yet part of the standard care 
procedures in our institution, since as to this day it has no 
clinical implications for the therapeutic decisions or the 
survival of the patients.

It is clear to us that more research is needed to establish 
the use of the QRMT as a compassionate treatment for 
solid brain tumors and its future as an adjuvant in their 
treatment. However, the experience acquired during this 
study is, to our knowledge, the first clinical report that 
demonstrates its efficacy in improving survival in pediatric 
patients with brain tumors in which the different therapeu-
tic modalities have not helped to improve their survival. 
Despite these encouraging results, the research did not 
continue for reasons related to the conclusion of the agree-
ment for the use of QMRT in our institution.

Conclusion

QMRT was well tolerated in our series of pediatric patients 
with DBG, and there was a statistically significant increase 
in overall survival (p = 0.032) when using historical con-
trols. The mean survival of the group treated with QMRT 
was 22 months [IQR: 11–30] and that of the controls was 
7 months (IQR: 5–8.5). Although future investigations 
need to confirm the findings reported in the present study, 
the improvement in survival is promising for a group of 
patients whose prognosis has been catastrophic over the 
years.

Table 2  Individual 
characteristic of QMRT group

t0 = one week before first session of treatment
t1 = one month after final session of treatment
t2 = twelve month after final session of treatment
*Volume
+ Lansky Perfomance Scale

ID Sex Age
(years)

Deceased Survival 
Time
(months)

Vol* t0
(cm)

Vol* t1
(cm)

Vol* t2
(cm)

LPS+ t0 LPS+ t1 LPS+ t2

A Male 8 No 46 8.4862 6.8116 5.96 40 70 90
B Female 3 Yes 11 29.98 28.46 – 40 60 –
C Male 7 Yes 22 60.4224 48.4667 – 30 70 –
D Male 4 Yes 11 30.7917 23.769 – 30 60 –
E Female 5 No 30 7.9661 5.6183 3.08 40 60 80
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