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Abstract Objectives To evaluate the surgical management outcomes in pediatric patients with
diffuse intrinsic pontine gliomas (DIPGs) who underwent intended biopsies and partial
resections in a middle-income country, highlighting the barriers and challenges of
these procedures for further investigation.

Methods A retrospective review of a prospective acquired series of patients who
underwent biopsy or resection for DIPG between |January 2012 and June 2018 at our
institution was performed.

Results Atotal of 43 patients with posterior fossa tumors were identified. From these,
seven pediatric DIPG cases were enrolled. Five were males. The median age was 5 years
(range: 1-12 years). Only one patient (14.3%) had a ganglioglioma, while the others
presented pilocytic and diffuse astrocytomas. Two (28.6%) patients had an intentional
biopsy, and the other five (71.4%) had a partial resection. In the three (28.6%) patients
who presented with associated hydrocephalus, the endoscopic third ventriculostomy

Keywords was performed in the same surgical time. The median preoperative Lansky play-
= brain stem performance scale (LPPS) was 80 (range: 60-100), while the median postoperative
= neurosurgeon LPPS was 23 (range: 7-52).
= pediatric Conclusion A decrease in overall survival was noted compared with data reported in
= diffuse intrinsic other series. Multifactorial barriers were discussed including the social, geographic,
pontine glioma and economic features that may influence on final outcomes.
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Introduction

Diffuse intrinsic pontine gliomas (DIPGs) are high-grade
brain stem gliomas accounting for ~10 to 20% of all pediat-
ric brain tumors." Annually ~200 to 300 children are
diagnosed with DIPG in the United States. DIPG typically
occurs between 6 and 9 years of age.? It is the leading cause
of childhood mortality due to central nervous system (CNS)
malignancies with a median overall survival (OS) ranging
from 8 to 12 months. More than 50% of patients experience
cranial nerve, cerebellar, and long tract impairments. DIPG
diagnosis is challenging; although biopsy or resection
allows a histopathological classification, deciding whether
to perform an invasive approach or not must be made on a
case-by-case manner. Currently, a discussion remains on
the feasibility and safety of a brain stem biopsy, arguing the
benefit of molecular characterization for management,
reducing the mortality rate, potential drug discovery, and
investigation purposes against patients’ risks. Besides those
cases when an intentional biopsy is indicated, diagnosis
may be conducted through only imaging criteria, laborato-
ries, and a detailed clinical history. MRI reaches overall
sensitivity of 94% and has proven its utility for tumor
classification and prognosis.>"® Furthermore, the imaging-
based diagnosis and clinical history still face significant
variations among neurosurgeons and neuro-oncologists,
rekindling the debate on stereotactic biopsy when diagnos-
ing and deciding further treatment.’

Management decision keeps evolving as more biomarkers
and molecular research are conducted to develop targeted
therapies.” However, advances in treatment have not
reached a meaningful improvement in OS and no curative
options are available yet.8 This case series aim to evaluate the
surgical management outcomes in pediatric patients with
DIPG through a retrospective review of a prospective ac-
quired cases series including biopsies and intended partial
resections in a middle-income country (MIC), highlighting
the barriers and challenges of these procedures for further
investigation.

Methods

A retrospective review of the electronic medical records of
patients who underwent biopsy or resection for DIPG be-
tween January 2012 and June 2018 at the Hospital Infantil
Universitario de San José, Bogota, Colombia was performed.
Data corresponded to procedures performed by a dedicated
pediatric neurosurgeon (P.E.B.). Database review was per-
formed based on surgical codes. The exclusion criteria in-
cluded: aged 18 or older, brain tumors different from DIPG,
patients diagnosed or treated previously in a different insti-
tution, and patients who underwent procedures other than
biopsy or tumor resection. All procedures were performed
using a freehand frameless image-guided technique. Surgical
features were described previously.’ The following data were
collected: sex, age, clinical presentation at diagnosis, histo-
pathological classification, tumor localization, as well as
surgical and adjuvant treatments. The primary outcomes
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were the postoperative Lansky play-performance scale
(LPPS) for children score, hospital length of stay (LOS), and
OS. Our institutional research ethics committee approved
this retrospective study. Authorization was requested to our
institutional ethics board to include the subjects’ informa-
tion in this study, preserving their identity in analyzing the
data and all images presented. Given the retrospective nature
of this study, the ethics committee considered a low risk
from this research for the patients and no informed consents
were required for this study accordingly.

Results

A total of 43 patients with posterior fossa tumors were
identified. From these, seven pediatric DIPG cases were
enrolled. Patients included five males and two females
with a median age of 5 years (range: 1-12 years). Symptoms
preceded diagnosis by a median of 42 weeks (range: 1-108
weeks). New daily persistent headache was the most com-
mon reason for consultation, experienced by four patients
(42.9%). Other features at admission included nausea and
vomiting, upper limb paresis, hemiparesis, hemisensory
syndrome, cyanotic breath-holding spells, psychomotor de-
velopmental delay, diplopia, dysconjugate gaze, and blephar-
optosis. Besides previous features, hydrocephalus was
reported in three patients (42.9%). Diagnosis was initially
based on imaging criteria in all cases. All patients presented a
diagnosis of low-grade glioma. Only one patient (14.3%) had
a ganglioglioma, while the others presented pilocytic and
diffuse astrocytomas. Complete immunophenotype report
was only available for patients 1 and 5. Patient 1 presented
positivity for glial fibrillary acidic protein (GFAP) and epi-
thelial membrane antigen (EMA), while patient 5 presented
positivity for GFAP, oligodendrocyte transcription factor 2,
and synaptophysin and S-100 protein. For the remaining
cases, the sample was insufficient to process additional
immunophenotype data. =Table 1 summarizes the clinical
features of the patients.

Two (28.6%) patients had an intentional biopsy, and the
other five (71.4%) had a partial resection. In the three (28.6%)
patients who presented with associated hydrocephalus, the
tumor biopsy/resection and an additional endoscopic third
ventriculostomy were performed in the same surgical time.
Regarding nonsurgical treatment, three (28.6%) patients
received chemotherapy and radiotherapy, while the other
four (57.1%) only received radiotherapy based on the pediat-
ric oncologist recommendation. In general, there was an
overall decrease in the LPPS after both biopsy and partial
resection. The median preoperative LPPS was 80 (range: 60-
100), while the median postoperative LPPS was 23 (range: 7-
52); there was a median reduction of 10 points in the LPPS
(range: 10-40). The median medical LOS was 18 days (range:
6-35 days), and six (85.7%) patients required postoperative
care in the pediatric intensive care unit (ICU), with a median
ICU stay of 3 days (range: 1-8 days). Median survival was
23 days (range: 7-52 days). = Table 2 summarizes the surgi-
cal outcomes of each patient and the corresponding follow-

up.
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Discussion

DIPG remains the leading cause of death due to a brain tumor
in pediatric patients. Despite clinical trials over the past
years, OS persists low, and most children die within 2 years
after diagnosis.'® Symptoms result from the mass effect and
underlying dysfunction about the ventral pons. Major critical
pathways are involved with these tumors, including nuclei
and tracts of vital human functions, long pathways, and most
of cranial nerves nuclei. An illustrative tractography demon-
strating displacement of the ascending arousal network and
the corticospinal tracts is demonstrated in =Fig. 1. Conse-
quently, major clinical deficits lead patients to a rapid
functional decline and decease.

Currently, radiotherapy (standard fractionated radiation
alone) remains the standard of care and multiple treatments
have been investigated to achieve additional overwhelming
benefit, including multiple chemotherapy and immunother-
apy regimens.!! Radiotherapy alone results in temporary
neurological improvement without a substantial change in
0S. Surgical resection is not an option in most cases and

neither provides significant improvements in 0S.'% Although
there is no significant advance in the surgical management of
DIPG over the past decades, stereotactic biopsy has gained
some attention, especially for research purposes. Obtaining
samples contribute to a better understanding of the molecu-
lar basis to develop new targeted therapies.13 These proto-
cols have led to identifying biomarkers and crucial oncogenic
pathways in DIPG pathogenesis.'*

As DIPG is diffusely infiltrative, complete resection
results almost impossible and there is a risk for severe
neurologic sequelae.' It has been acknowledged that some
selected cases may benefit from attempting resection or
debulking of low-grade tumors. However, ~8% of brain
stem biopsies may result in any new-onset deficit.’® A
meta-analysis including 735 stereotactic biopsies for pedi-
atric brain stem tumors reported 6.7% for overall morbidity,
0.6% for permanent morbidity, and 0.6% for mortality.!”
However, as the treatment of DIPG is radiotherapy alone
in many centers worldwide, this study contributes with five
cases in which partial resection was intended, and the

outcomes were assessed.

Fig. 1 Reconstruction of the ascending arousal network and corticospinal tract (CST) for diffuse intrinsic pontine glioma surgical planning.
(A) Lateral view of T2-weighted volumetric imaging and (B) three-dimensional reconstruction of the volumetric magnetic resonance imaging
demonstrating a distorted anatomy of long tracts, showing posterior displacement of the CST and the ascending arousal network fibers
including those from the middle forebrain bundle (MFB), dorsal tegmental tract (DTT), and ventral tegmental tract (VTT). (C) Intraoperative
image demonstrating a retrosigmoid approach with exposure of the inferolateral aspect of the pons (P) and the debulking through the lateral
pontine safe entry zone. (D, E) Axial and sagittal T2-weighted images showing a hyperintense diffuse intra-axial expansive pontine lesion.
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Challenges and Barriers for DIPG Treatment in a MIC
Setting

Despite multiple efforts made to improve outcomes of DIPG
patients worldwide, there is lack of consensus of a standard
treatment protocol.'® Additionally, a big concern remains of
DIPG treatment in MICs, where multiple limitations influ-
ence on the final outcome.'® DIPG remains an orphan disease
in MICs, and the registry and documentation of the evolution
of the disease is scarce.

From these five cases with partial resection, OS was
considerably lower than reported from a DIPG biopsy where
median OS has been estimated between 6 and 14 months
after the procedure.?% Both subgroups, partial resection and
biopsy experienced an overall reduction in the LPPS. A higher
decline in LPPS may be appreciated in those patients with
partial resection. Due to the number of patients recorded in
this series, no firm conclusions could be drawn between the
clinical outcomes between biopsy and intended resection.
Final outcomes are related to a multifactorial environment
including the middle-income economy of the health care
system, the poor education of the parents, and the evident
low access to pediatric neurosurgeons.

To note, the access to pediatric reference centers is limited
in MICs and a delayed attention to CNS malignancies is not
infrequent in this scenario. Unfortunately, the impact of a
delayed consultation is reflected directly on the OS and
immediate postoperative outcome. In terms of litigations
in our country, radiotherapy is restricted only to patients
with confirmed histopathological diagnosis and, conse-
quently, to initiate adjuvant treatment, a biopsy or an
intended resection is always required. In addition, 2 to
3 weeks after sample acquisition are needed to establish a
definite diagnosis of DIPG. Usually, the samples are insuffi-
cient for running all complementary tests. This study was
performed before the access to molecular studies was avail-
able in our setting. In further cases, the molecular profile will
help physicians in MICs to approachin a holistic personalized
manner, the targeted therapies to improve OS.

Additional to the limited resources, neurosurgeons and
patients’ families face the limited access to pediatric clinical
oncologists and radiotherapeutic oncologists. The poor net-
working among specialties also limits the multidisciplinary
treatment needed for this complex entity and lead to a
poorer prognosis. Data concerning outcomes and epidemi-
ology of DIPGs are restricted for MICs, probably as a conse-
quence of lack of data given the high probability to die during
this long process before treatment of even before an initial
medical consultation.

Regarding surgical treatment, availability for renting
neuronavigation systems and the access to advanced neuro-
imaging including diffusion tensor imaging have allowed
some progress aiming to reduce neurological decline after
procedures.” Most likely, rapid progression of disease is
produced by the notable advanced stages when these tumors
are detected and not directly related to the procedure itself.
We hope this case series will add remarkable information
and will promote the initiative to improve clinical care of this
neglected disease in MICs.
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Study Limitations

The limited number of cases as well as the retrospective
nature of this study represent the most remarkable limi-
tations. However, even with few cases, the information is an
important basis for further epidemiological characteriza-
tion of the disease. No data in regard to epigenetics are
described given the lack of institutions and equipment for
processing.

Conclusion

A case series of patients with DIPG in a MIC is presented. A
decrease in OS was noted compared with data reported in
other series. Multifactorial barriers were discussed includ-
ing the social, geographic, economic, and education features
that may influence on the final outcomes of patients.
Pediatric neurosurgeons are encouraged to describe other
limitations and clinical features in other MICs that may help
understand problematics and make an improvement of
DIPG treatment.
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