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Abstract
Purpose Diffuse intrinsic pontine glioma (DIPG) is the most
severe pediatric solid tumor, with no significant improvement
in the past 50 years. Possible reasons for failure to make ther-
apeutic progress include poor understanding of the underlying
molecular biology due to lack of tumor material.
Methods We performed a prospective analysis of children
with typical appearance of DIPG who had a stereotactic biop-
sy in our unit since 2002. Technical approach, complications,
histopathological results, and samples processing are exposed.
The literature on this subject is discussed.
Results Reviewing our own 130 cases of DIPG biopsies and
previous published data, these procedures appear to have a
diagnostic yield and morbidity rates similar to those reported
for other brain locations (3.9 % of transient morbidity in our
series). In addition, the quality and the quantity of the material
obtained allow to (1) confirm the diagnosis, (2) reveal that
WHO grading was useless to predict outcome, and (3)

perform an extended molecular screen, including biomarkers
study and the development of preclinical models. Recent stud-
ies reveal that DIPG may comprise more than one biological
entity and a unique oncogenesis involving mutations never
described in other types of cancers, i.e., histones H3 K27M
and activin receptor ACVR1.
Conclusion Stereotactic biopsies of DIPG can be considered
as a safe procedure in well-trained neurosurgical teams and
could be incorporated in protocols. It is a unique opportunity
to integrate DIPG biopsies in clinical practice and use the
biology at diagnosis to drive the introduction of innovative
targeted therapies, in combination with radiotherapy.
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Introduction

Diffuse intrinsic pontine tumors (DIPG), which accounts for
10 to 15 % of all childhood brain tumors [1, 2], represent one
of the biggest therapeutic challenges in pediatric neuro-
oncology with a median survival of 9 months. Its deep-
seated location in the brain stem precludes safe surgical re-
moval. It has been attempted but was abandoned by the ma-
jority as it did not improve the patient’s outcome [3].During
the last 50 years, no significant improvement has been made.
Chemotherapy, so far derived from adult high-grade glioma
protocols, has failed to halt or delay significantly tumor
growth. Radiotherapy is the only validated treatment but is
only transiently efficient.

The development of targeted therapies for these tumors has
been hampered by the lack of knowledge of their biology and
trials have been carried out based on the misconception that
DIPG biology is similar to their adult counterparts [4–6] and
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to other pediatric supratentorial malignant glioma [4, 7]. The
diagnosis is usually based on the association of a short history
of less than 2 months, cranial nerve palsies, long tract signs,
and ataxia with typical imaging findings. DIPG are usually
described as an infiltrating tumor mass of the pons
hypointense on T1 and hyperintense on T2 and FLAIR; by
definition, at least 50 % of the pons should be involved. Con-
trast enhancement if any is usually limited and annular.

The biopsy of these tumors has been controversial. Most
neurosurgical teams have been reluctant to perform biopsies,
because of the potential risks of this procedure and the absence
of direct benefit for the patients. Thus, biopsy has generally
been limited to lesions with unusual presentation or imaging.
Therefore, only very limited data on true newly diagnosed
DIPG is available in the literature and confounded by the
inclusion of autopsy—usually post-radiotherapy—cases.
However, awareness of the urgent need to improve the prog-
nosis of these devastating tumors and the development of
newer molecular genetic techniques have led to reconsidera-
tion of the role of stereotactic biopsy in DIPG [8–11].

This paper will address the question of the feasibility and
the safety of a stereotactic biopsy for DIPG, its diagnostic
yield, and its role in redefining this tumor by its molecular
signature and profiling targeted therapy.

The safety of DIPG biopsy

Stereotactic biopsies are now completely integrated in the di-
agnosis and management of several intracranial lesions. Its
role in DIPG remains controversial, and currently, the general
attitude is not to biopsy these tumors as it has been considered
unnecessary.

Stereotactic biopsy of brain stem tumors is an old proce-
dure; it became popular after the first report of this procedure
in 1978 [12]. Ten years later, the arguments against brain stem
biopsy were strong as it was thought to be useless, dangerous,
and to have poor yield [13–15]. The manuscript published by
Albright et al. from the Children’s Cancer Group changed the
course for pediatric DIPG management as they claimed that
B…MRI scans provide images that are virtually diagnostic of
brain stem gliomas and yield prognostic information equiva-
lent to that obtainable from biopsies…^ [15]. Since then, the
neurosurgical world was divided into those in favor of and
those against brain stem biopsy. Despite the reluctance of
some neurosurgical teams, others continued to perform biopsy
of brain stem lesions in children and adults for unusual lesions
or for typical ones as part of a trial [8, 16–23].

Interestingly, in 2011, Hankinson et al. reported the results
of a survey on the appraisal by pediatric neurosurgeons of the
MRI findings of selected examples of DIPG (typical/atypical)
[24]. More than 75 % agreement regarding whether a tumor
was typical or atypical was found in only 43.8 % of the cases

presented. They concluded: Bthe practice of diagnosing DIPG
based on imaging characteristics and clinical history alone
does not reach the appropriate threshold to be considered a
standard of care.^ Sufit et al. reported a series of biopsies from
seven diffuse pontine tumors. Two of them were identified as
PNETs. They argued, BSince diagnosis by imaging is not re-
liable and the biology of the tumors is disparate, a biopsy
should be performed to enable accurate diagnosis and direct
potentially more effective treatments^ [25].

A number of papers on stereotactic biopsies in the brain stem
have been published in the last 20 years and now represent a
significant amount of knowledge. Unfortunately, these reports
often involve mixed series of adults and children with a wide
range of diagnoses. The details of the series are outlined in
Table 1. These mixed series quote the morbidity rates between
0 and 20% and amortality rate of 0 to 3%. However, when data
on pediatric patients with DIPG are extracted, the diagnostic
yield in these cases ranges from 96 to 100 %, with no mortality
and morbidity less than 5 % for the largest series.

Samadani et al. have done a meta-analysis of 13 studies
performing stereotactic biopsy of brain stem lesions in 381
children and adults [26]. With a diagnostic yield of 96 %, this
study reported one death due to a biopsy of a vascular lesion in
an adult and a rate of permanent and transient deficits of 4 and
1%, respectively. A few years later, a secondmeta-analysis on
pediatric brain stem lesions was published by Pincus et al.
[19]. This review of 192 children revealed a diagnostic yield
of 94.9 %, 0.7 % mortality, and 4.9 % morbidity rates.
Rajshekhar et al. reported a series of 106 stereotactic biopsies
in children with brain stem masses. With no mortality or per-
manent morbidity reported, the authors highlighted that B…
this procedure is safe in children and the benefits outweigh the
risks in patients who are appropriately selected to undergo this
procedure…^ [20]. Recently, Wang et al. reported a series of
15 DIPG biopsy with 20 % of transient new or worsening
neurological deficits [27]. They used a stealth-guided biopsy
with Medtronic device® which may be less accurate than a
biopsy with a frame, but they did not report if the patients had
a postoperative image to confirm the trajectory and the site of
the biopsy and to look for complications.

Importantly, in a large series of 270 stereotactic brain biop-
sies in adults, it has been shown that increasing numbers of
specimens obtained per trajectory in brain stem lesions were
not significant risk factors for morbidity [28] and this has been
confirmed by our results, presented below.

Necker series

A few years ago, our group started to use stereotactic biopsies of
DIPG to obtain both pathological confirmation and immunohis-
tochemical assessment of some specific biomarkers before the
inclusion of patients in trials of targeted agents [8, 29]. We
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excluded from this study the children with atypical presentation
(unusual clinical signs or atypical brain stem MRI features).
Informed consent was obtained from all children’s parents in-
cluded in the study. We declined to do the surgical procedure in
five cases because they were too young or in very bad condition.
In 2007, our team reported the results of a biopsy of 24 children,
2 of whom suffered transient worsening of their neurological
deficits [8]. Considering this procedure to be safe and this dis-
ease to be not curable, we systematically proposed a biopsy to
subsequent patients in order to obtain material that could give
clues to the underlying biology of DIPG. It is interesting to note
that only two families refused the biopsy.

Thus, during a period of 13 years, a total of 130 children
with pontine lesions resembling DIPG were operated on by
this technique in Necker Hospital. Among them, 68 were fe-
males and 62 were males. The age at presentation ranged from
16 months to 16.4 years (median 6.7 years). The majority of
them received corticosteroids at least 3 days before the proce-
dure. Using the Leksell stereotactic system, a transcerebellar
approach was used in all cases. All the procedures were car-
ried out with the patient in prone position under general anes-
thesia and the stereotactic coordinates were determined by
computed tomography or by MRI. The contrast enhancement
was targeted when possible, i.e., when it was not too anterior,
close to the pyramidal tract or near the cranial nerves nuclei; in
other cases, we targeted the infiltrative part, close to the mid-
dle cerebellar peduncle (Fig. 1). Using a single trajectory, the
number of samples increased with time (up to 8), allowing for
DNA and RNA extraction, as well as cell culture and mouse
xenografts. Importantly, increasing the number of samples
was not linked with more complications. No mortality or per-
manent deficit was observed but a transient worsening of neu-
rological deficit occurred in five patients (3.9%).We recorded

a worsening of preexisting ataxia (n = 2), ataxia and VI and
VII palsy (n = 2), and VI palsy (n = 1). All the patients had a
postoperative image (CT scan or MRI) to confirm the site of
the biopsy and to look for complications (Fig. 2). Four patients
had a little bleeding at the site of the biopsy that was not
associated with a neurological worsening.

The diagnostic yield was 100 % in our series. For the first
92 patients, pathology classified the DIPG according to the
WHO grading system. We found 28, 36, and 28 grades II, III,
and IV, respectively. For the whole cohort, the median overall
survival (OS) and progression-free survival (PFS) were 10.3
and 5.6 months, respectively (Fig. 3a).

Interestingly, the grade was not associated with the OS or
the PFS (Fig. 3b). These results have been somewhat contro-
versial, with arguments that the small biopsies might not be
representative of the tumor. However, a recent paper on au-
topsy cases showed similar results [30] and confirm that the
WHO grading scheme may not appropriately predict outcome
for pediatric DIPG.

Based on our results, we have proposed a national trial
(BIOMEDE) used to stratify children to different therapies
according to the EGFR, PDGFR, and PTEN status [10, 31].
This trial should be extending to Europe in the next months.

Guidelines for performing biopsies in diffuse
intrinsic pontine gliomas

1- Contraindications to the biopsy

The use of a frame for children below the age of 2 is not
recommended because of the thickness of the cranial bone. It

Table 1. Main results of pediatric and mixed series of brainstem stereotactic biopsies

Authors Year Patients Technique
(frame and route)

Diagnostic
yield

Histopathologic
diagnostic

Morbidity,
N (%)

Mortality

Samadani
(meta-analysis)

2003 381 A
and C

CRW BRW, Todd-Wells,
Leksell, Richert, 292 TF

96 % 31 % HGG, 23 % LGG,
10 % meta, 16 %
hematomas and
miscellaneous

4 % T, 1 % P 1 A (0.3 %)

Pincus
(meta-analysis)

2006 192 C CRW, TF, and TC 94.9 % (75
to 100 %)

PNET, neurocytoma,
ependymoma,
vasculitis, germinoma…

4.9 %
(0 to 16 %)

0.7 % (0 to
3.3 %)

Pirotte 2007 20 C PET (18FDG), 3 TF, 17 TC 100 % 75 % glioma, 25 % others
(PNET, teratoma,
germinoma)

1 T (5 %),
1 P (5 %)

0

Rajshekhar 2010 106 C BRWor CRW, 77 TF, 29 TC 100 % 90 % glioma, 10 %
inflammatory

3 T (2.8 %) 0

Dellaretti 2011 44 C Talairach, 42 TF, 2 TC 93 % 36 % HGG, 34.6 %
LGG, miscellaneous

13 (9.8 %) 0

Phi 2012 4 C Leksell, all TC 100 % 100 % DIPG 1 T (25 %) 0

Wang 2015 15 C Stealth medtronic, all TC 100 % 13 HGG, 2 LGG 3 T (20 %) 0

Puget 2015 130 C Leksell, all TC 100 % 100 % DIPG 5 T (3.9 %) 0

Aadults, Cchildren, BRW Brown-Roberts-Wells, CRW Cosman-Robert-Wells, TCtranscerebellar, TFtransfrontal, Npatient number, Ttransient, P-
permanent, HGGhigh-grade glioma, LGGlow-grade glioma
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Fig. 1 Planning neuroimage showing the trajectory with a trancerebellar approach. E entry, T target. a 3D planning neuroimage. b Axial gadolinium-
enhanced T1-weighted MR image. c Sagittal gadolinium-enhanced T1-weighted MR image. d Coronal gadolinium-enhanced T1-weighted MR image

Fig. 2 Post-op axial T2-weighted MRI showing the needle trajectory (arrow) and a little bleeding at the site of the biopsy (a). Biopsy samples (b)
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has to be discussed on a case-by-case basis, eventually helped
by a CT scan.

Children with a high risk of complications during and after
anesthesia due to a bad clinical condition (with severe
swallowing problems, obtundation, breathing difficulties,
tetraplegia) should not be biopsied before starting radiothera-
py. Biopsy can be performed after radiation therapy or at the
time of relapse.

2- How to choose the route?

Two routes have been described for brain stem biop-
sies: the transcerebellar and the transfrontal approaches.
The transfrontal route is longer and allows sampling of a
mass located in all the segments of the brain stem. The
positioning of the entry site has to be chosen carefully to
avoid the ventricles, the vascular structures, and the
tentorium. The use of software is recommended for plan-
ning this trajectory. The transcerebellar approach is
shorter, through the middle cerebellar peduncle and has
less eloquent structures in its trajectory [20, 32]. It can
be used only for pontine and upper medullary masses
and is thus preferred by the authors for DIPG. In a series
comparing both routes, no statistically significant differ-
ences were reported [33].

3- How to choose the target?

Ideally, the procedure is to take biopsies in both en-
hancing and non-enhancing regions in one trajectory,
which is rarely achievable. The contrast enhancement is
targeted when possible, i.e., when it is not too anterior,
close to the pyramidal tract or too close to the cranial
nerves nuclei; in other cases, we recommend to target the
infiltrative part (hyper flair/T2) of the tumor. In case of
the transcerebellar approach, we recommend to choose

the target in the posterior third of the pons, through the
middle cerebellar peduncle.

In case of enhancement surrounding central necrosis, it
may be difficult to obtain bulk tissue and there is a potential
risk of hemorrhage. On the other hand, depending on the
location and the clinical signs of the patient, it can be efficient
to decrease the size of this necrotic part, during the stereotactic
procedure.

4- The biopsy procedure

The biopsy can be done with a frame or frameless, at the
discretion of the neurosurgeon. Under general anesthesia, the
procedure is carried out with the patient in prone position for a
transcerebellar approach or supine position for a transfrontal
one. In case of transcerebellar approach with a frame, it has to
be secured as inferiorly as possible onto the skull and its pos-
terolateral post will be removed prior to commencing the sur-
gical procedure. The incision location is recommended at mid-
distance between the midline and the mastoid, below the
transverse sinus. Importantly, the consistence of the tumor
cannot be assessed on imaging, except for the necrotic part.
In our experience, it can be very soft or solid, so we recom-
mend gentle aspiration at the start. A side-cutting biopsy nee-
dle is used and we can perform, if possible and ideally, four-
quadrant biopsies in an enhancing part of the tumor and four-
quadrant biopsies in a non-enhancing part in one trajectory. If
the enhancing part is not present or cannot be safely biopsied,
we recommend to perform four to eight biopsy samples in one
trajectory.

– Two samples are fixed in formaldehyde for histopatho-
logical examination.

– One sample can be used for xenograft and/or culture.
– The others are immediately snap-frozen in the operating

room and stored at −80 °C for molecular biology studies.

Fig. 3 Whole overall survival of the DIPG biopsy children (a) and according to the WHO grading (b)
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5- Quality control of the biopsy

After the procedure, it is recommended to perform a post-
op axial T2 sequence to confirm the trajectory and the site of
the biopsy and to look for complications.

If MRI cannot be done, at least a CT scan should be per-
formed to look for any complication. An air bubble may be
injected at the time of the biopsy to make the site of the biopsy
more evident.

Biopsy samples processing

The lack of samples from newly diagnosed DIPG has limited
our understanding of their biology and has hindered the de-
velopment of newer therapies in this devastating tumor. As
targeted therapy undoubtedly requires tissue, it could be ar-
gued that such advances will only be optimized with the
knowledge that biopsy provides in terms of biology and the
identification of new targets. In recent papers, authors defend
the idea that a biopsy of newly DIPG should be performed to
increase our knowledge of tumor biology that could provide
clues to improve their prognosis [18, 31, 34]. However, in
case of typical DIPG appearance on MRI, biopsy should not
be performed only to confirm the diagnosis, as the risk of the
procedure even though minimal is not nul. In such typical
DIPGs, biopsy should be a part of a well-conducted clinical
trial or a research program approved by an ethical committee
[18, 23, 31]. The authors agree with the conclusion of Wilkin-
son and Harris, who stated that B…Once emotional and social
interests are taken into account there seems little doubt that
brain stem biopsy could be lawful even if there was no benefit
to the child’s medical interests…^ [35].

Limited preliminary studies and early clinical trials have
shown the promise of stereotactic biopsies of DIPG tumors
to unravel the biology of the disease and to target drug use
according to the discovery of specific genomic alterations.

Although the sample size obtained by stereotactic biopsy of
these tumors is limited by the size of the needle, it has been
shown that it could provide enough tissue for histopathologi-
cal diagnosis and immunohistochemical staining. Moreover,
the authors have recently shown that this surgical technique
could allow multiple biopsies samples (up to 8) to provide
enough tissue for further genomic analyses and stem cell cul-
ture [10, 31, 36]. In the author’s series, one or two biopsies
were used for histological diagnosis and immunohistochem-
istry. The remaining biopsies were snap-frozen with cytolog-
ical control smears directly in the operating room, and nucleic
acids extracted thereafter. A median of 3.325 μg of DNA
(range 0.805 to 21.5 μg) and 2.332 μg of RNA (range 0.048
to 15.84 μg) could be extracted from the biopsies. One to three
samples were necessary to obtain enough nucleic acids, de-
pending on the infiltrative rate of the tumor cells. An

integrated molecular profiling was carried out and permitted
identification of two distinct subgroups of DIPG with specific
abnormalities: one showing a mesenchymal gene expression
profile and the other a more proliferative gene expression
signature. The former group of tumors showed a better sur-
vival than the later. The poor prognosis group defined by gene
expression profiling showed an oligodendroglial differentia-
tion that could be correlated with an adverse prognosis in
another validation cohort. In addition, this group of tumors
showed platelet-derived growth factor receptor (PDGFRA)
amplification with or without mutation in the external domain
and MET gain that could represent relevant therapeutic tar-
gets. This study is the first to comprehensively define the
biological alterations of DIPG at diagnosis, allowing the dis-
covery of novel therapeutic targets [10]. Thematerial obtained
allowed also screening for oncogenic mutations with known
targeted drugs available. Our group could therefore identify
PI3KCA mutations in 15 % of DIPG, offering another rele-
vant therapeutic target [31]. Finally, cultures of DIPG could be
derived as cell line or as neurospheres [36]. They represent
irreplaceable tools for preclinical studies of new therapeutic
agents as well as for understanding the oncogenesis of DIPG.

Our team also has also shown that a full biological work-
out, including whole genome sequencing was feasible with
the DIPG stereotactic biopsy material [37]. Recent pivotal
studies demonstrated that DIPGs appear to be a specific and
unique biological entity. Indeed, DIPG almost always have a
mutation in the regulatory tail of one of the histone H3 vari-
ants [38] that is already present at diagnosis [37] and that has a
broad impact on the epigenetic control of these cells [39]. This
suggests that this mutation has a driver role in the oncogenesis
of DIPG and that it could serve as a diagnostic marker [30].
While this mutation is presently not reversible with any med-
ication, these studies have also discovered other alterations
that could help to choose specific individualized targeted ther-
apies: PDGFRA amplification and mutation, MET amplifica-
tion and mutations, mTOR pathway alterations, and ACVR1
mutations [5, 7, 10, 30, 31, 37, 40–42]. In addition, some of
the alterations could be linked to a better prognosis, e.g.,
ACVR1 mutations [37] or to a worse prognosis, e.g.,
PDGFRA activation [10] and H3.3 mutation [5]. Biopsies at
diagnosis could therefore be used for prognostication and for
the choice of targeted therapies. Finally, preclinical models
have been established from these tumors and will serve the
development of new therapeutics [43–45].

In keeping with our experience, recently, there has been a
worldwide resurgence of interest in pediatric brain stem biop-
sy in hopes that molecular profiling could help to find new
therapeutic targets. To this end, several international consen-
sus conferences onDIPG have been organized in North Amer-
ica and in Europe these last 5 years [1, 46]. There is a growing
body of evidence that up-front biopsy in DIPG is now consid-
ered rational for the majority as it may alter treatment with
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targeted therapy and may help in correlate biology with re-
sponse with appropriate biomarkers. It may also help to guide
relapse therapies, to look for active treatment and develop
biological relevant models [28].

This worldwide realization will probably lead in the near
future to the introduction of up-front stereotactic biopsies as a
standard healthcare intervention to stimulate translational re-
search and development of individualized treatment for DIPG
and to establish stereotactic biopsies as a standard diagnostic
tool for all children suffering from DIPG.

Conclusion

DIPG remains a leading cause of death from pediatric brain
tumors. The role of diagnostic biopsy in these tumors has been
controversial due to the high eloquence of the brain stem and
the lack of direct benefit for the patient. Based on the literature
and our own data, stereotactic biopsy of DIPG is approximate-
ly as safe and diagnostic as supratentorial biopsy and the
amount of tissue obtained allows for molecular biology anal-
ysis, including whole genome sequencing. This technique
should be offered to these patients and opens new perspectives
for the characterization of biological markers that permit to
enroll children with newly DIPG in next-generation clinical
trials with targeted therapy.
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