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Abstract
Introduction The prognosis of diffuse intrinsic pontine glioma (DIPG) is poor. The role of biopsy in DIPG remains controversial
since the diagnosis may be established with imaging alone. Recent advances in understanding molecular biology and targeting of
brain tumors have created a renewed interest in biopsy for DIPG. The NeurosurgeryWorking Group (NWG) of the SIOP-Europe
Brain Tumor Group (BTG) undertook a survey among international pediatric neurosurgeons to define their current perceptions
and practice regarding DIPG biopsy.
Methods The NWG developed a 20-question survey which was emailed to neurosurgeons in the International Society for
Pediatric Neurosurgery (ISPN). The questionnaire included questions on diagnosis, indications, and techniques for biopsy,
clinical trials, and healthcare infrastructure.
Results The survey was sent to 202 neurosurgeons and 73 (36%) responded. Consensus of > 75% agreement was reached for 12/
20 questions, which included (1) radiological diagnosis of DIPG is sufficient outside a trial, (2) clinical trial–based DIPG biopsy
is justified if molecular targets are investigated and may be used for treatment, and (3) morbidity/mortality data must be collected
to define the risk:benefit ratio. The remaining 8/20 questions proved controversial and failed to reach consensus.
Conclusions Routine DIPG biopsy continues to be debated. Most neurosurgeons agreed that DIPG biopsy within a clinical trial
should be supported, with the aims of defining the procedure risks, improving understanding of tumor biology, and evaluating
new treatment targets. Careful family counseling and consent remain important.
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Introduction

Brain tumors are the leading cause of cancer death in
children, with 10–15% occurring in the brainstem. More
than 50% of pediatric brainstem tumors are gliomas. They
are classified into four categories on the basis of anatomic
location and radiographic appearance: diffuse, focal intrin-
sic, focal exophytic, and cervicomedullary. Diffuse intrin-
sic pontine glioma (DIPG), accounts for > 75% of pediat-
ric brainstem glioma and is usually terminal.

As DIPG grow, the tumor cells slowly compress
brainstem nuclei and tracts, leading to progressive neuro-
logical symptoms and deficits. The most common symp-
toms are (1) impaired balance and coordination, (2) long-
tract impairment with weakness or sensory deficit in the
limbs or trunk, and (3) cranial nerve palsies, especially
affecting CN VI and VII. Headaches, altered level of
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consciousness, and other cranial nerve deficits due to ob-
struction of cerebrospinal fluid (CSF) pathways are also
common.

The peak incidence of DIPG occurs between 6 and
9 years of age. Patients typically present with rapidly pro-
gressive symptoms. Since the 1990s, diagnosis has usually
based on typical radiological characteristics on MRI, with-
out biopsy [1]. Fredstein and Constantini [2] defined the
MRI characteristics for DIPG as diffuse expansion of the
pons > 50%, hypo-intensity of the tumor on T1-weighted
images and hyper-intensity on T2-weighted imaging, and
minimal or absence of contrast enhancement. It was rec-
ommended that a biopsy would not be required in these
circumstances.

Diagnostic biopsy has rarely been performed on a routine
basis, except in cases where the radiological appearance is
atypical [3]. Biopsy and post-mortem specimens have re-
vealed histological characteristics typical of high grade glioma
(WHOGrade III or IV), includingmicrovascular proliferation,
cellular necrosis, and the presence of mitotic figures but low
grade glioma histology is also common. The prognosis is poor
for all histological patterns.

In 2009, Frazier et al. [4] reviewed DIPG treatment strate-
gies and recommended that decision-making regarding biopsy
required an assessment of the risks versus benefits in relation
to the potential treatment options resulting from the biopsy
findings.

Currently, there is no effective treatment for these tu-
mors. Due to their eloquent location, they are not amena-
ble to surgical resection. Chemotherapy and radiotherapy
have only had limited success, potentially delaying symp-
tomatic progression but not providing a cure. As a result,
the median overall survival is 8–11 months, with overall
survival at 1, 2, and 5 years of 35%, 9%, and < 2%, re-
spectively [5].

Due to a historical lack of biopsy tissue, the molecular
biology of DIPG remains poorly understood, resulting in
difficulties identifying potential treatment targets. More
recently, mutations have been identified in H3-K27M,
PDGFRA, and ACVR1, prompting Grill et al. [6] to urge
neurosurgeons to once again consider performing biopsies
to enable genomic profiling to identify possible therapeu-
tic targets.

Since that time, the INFORM Registry and BIOMEDE
Trial have commenced, with the aim of identifying DIPG
molecular genetic alterations, through biopsy tissue sam-
ples. However, it remains unclear how to handle the risk/
benefit balance optimally for those patients on a routine
basis since the benefit is yet not well-defined. As a result,
the Neurosurgery Working Group (NWG) of the SIOP-
Europe Brain Tumor Group (BTG) conducted an interna-
tional survey to define current opinion and practice among
neurosurgeons on the management of these tumors.

Methods

The SIOP-E BTG NWG developed a survey with 20 ques-
tions. This was emailed to consultant members of the
International Society for Pediatric Neurosurgery (ISPN). The
survey was performed online with SurveyMonkey.com® over
a period of 2 months (2/2019–4/2019). The approximate time
required to answer the survey was 5 min. Non-responders
were re-contacted up to five times. The questions addressing
DIPG biopsies were structured into fivemain topics, including
(1) the diagnosis of DIPG, (2) indications for biopsy, (3) bi-
opsy techniques, (4) clinical trials, and (5) infrastructure re-
quired. The results were recorded with SurveyMonkey.com®
and were presented and discussed for interpretation in the
NWG meeting of the SIOP-E BTG in April 2019 (Table 1).

Results

The survey was sent to 202 neurosurgery consultants, with
responses obtained from 73 (36%).

Radiological diagnosis

Forty-five respondents (62%) agreed that, in patients without
neurofibromatosis, theMRI characteristics of DIPGwhere the
tumor occupies > 50% pons are T1-hypointense and T2-hy-
perintense, and with minimal or no contrast enhancement.
Fifty-five (75%) said radiological diagnosis alone is sufficient
for standard treatment of DIPG outside a clinical trial. Thirty-
four (46%) felt that central MRI review was essential prior to
any treatment of DIPG in the absence of biopsy.

Indications for biopsy

Sixty-three neurosurgeons (86%) stated that a biopsy was not
needed to diagnose a DIPG in every case. Forty-two (57%)
would only perform a biopsy within the context of a prospec-
tive clinical trial. Forty-eight (65%) stated that biopsies are
justified if the trial investigated molecular biological targets
without planning to use its outcome directly for treatment.
However, if these molecular targets were to be used to guide
treatment, the number agreeing to biopsy increased to sixty-
eight (93%). There was unanimous agreement (100%) regard-
ing the consent process—that this should be jointly performed
by specialists in neurosurgery and neuro-oncology, with suf-
ficient time for the family to consider the options prior to
surgery. The youngest patient considered for DIPG biopsy
was 6 months for 36%, 1 year for 54%, and 2 years for 79%
(presented as cumulative result).
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Table 1 Questions and answers

Questions Answers

Yes No Others

1. Would you agree on the following criteria being
sufficient for diagnosis DIPG without biopsy: Diffuse
intrinsic pontine lesion with hyperintense signal in T2
and hypointense signal in T1, occupying at least 50% of
the pons in non-neurofibromatosis patients.

45
61.64%

26
35.62%

2 (2.74%)
-Depends on age
-Accompanied by rapid clinical history

2. Is radiological diagnosis alone sufficient for standard
treatment of DIPG outside a trial?

55
75.34%

18
24.66%

3. Is central review of the MR images outside of a clinical
trial an essential component prior to any treatment of
DIPG without biopsy?

36
49.32%

34
46.58%

3 (4.11%)
-By Neuroradiology
-Yes-If diagnosis and treatment is planned outside an

experienced pediatric oncology and neurosurgery left
-Should be

4. Is biopsy needed to diagnose DIPG in all cases (inside
and outside of a trial)?

9
12.50%

63
86.30%

-1 missing answer

5. Should DIPG biopsies only be performed within the
context of a prospective clinical trial?

42
57.53%

29
39.73%

2 (2.74%)
-Depends on certainty of diagnosis, family, etc.
-Atypical

6. Are DIPG biopsies justified in the context of a clinical
trial if molecular biological targets are investigated and
used as a treatment target?

68
93.15%

3
4.11%

1 (1.41%)
-Only if they are reliable with good specificity
1 no answer

7. Are DIPG biopsies justified in the context of a clinical
trial if molecular biological targets are investigated but
NOT used as a treatment target?

48
65.75%

21
28.7%

4 (5.48%)
-Not sure
-I would address this on a case by case basis.
-Only after well-informed consent by the parents
-Always need a biopsy

8. Is it mandatory to perform trial-specific training in
brainstem biopsy techniques in a left before taking part in
the trial?

37
51.38%

28
38.89%

6 (8.33%)
-Depends on experience and general caseload in

stereotactic procedures.
-Biopsy techniques have been established
-Most academic hospitals have expertise for this procedure
-Depends on previous experience of the left
-Not necessary If left can show expertise in routine

stereotactic procedure like DBS and non-brain stem el-
oquent biopsies

-It is not mandatory, but if a new drug therapy isnvolved
the Regulation Bodies often require this training-much
to the dismay of neurosurgeons …

9. The trial must include morbidity and mortality data
acquisition in order to prospectively evaluate the
risk/benefit ratio of DIPG biopsies.

70
97.22%

2
2.78%

1 no answer

10. Should the trial define the neurological state of a patient
in order to be eligible for a biopsy?

54
73.97%

15
20.83%

2 (2.73%)
-The neurological state of any patient undergoingsurgery

should always be documented
-Yes, this data should be captured; but it should not be an

exclusion criteria

11. The consent from the parents for a DIPG biopsy should
be taken after collectively discussing it with a
neurosurgeon and oncologist in a sufficient time prior to
intervention?

73
100%

12. For (frameless) stereotactic biopsies, what instruments
would be acceptable?

Side-cutting
needle:

56
76.71%

Forceps
nee-
dle:

9
12.32%

Not sure 1 (1.36%)
No answer 7 (9.58%)

13. Should the minimum required volume of tissue be
defined in the trial?

54
73.97%

17
23.28%

No answer 2 (2.73%)

14. The targeted region for biopsy should include
contrast-enhancing parts of the DIPG, if present?

57
78.01%

9
12.32%

No answer 2 (2.73%)
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Biopsy technique

Accepted techniques for biopsy were frame-based
stereotaxy (88%), frameless stereotaxy (83%), microsur-
gery (59%), endoscopy (46%), or robot-assisted (6%) bi-
opsies (multiple answers possible). The commonest tool
for stereotactic biopsy was the side-cutting needle (77%).
The approaches used were transcerebellar (90%),
transfrontal (58%), trans-fourth-ventricular (41%), and en-
doscopy (together with ETV; 49%). The contrast-
enhancing part of a DIPG, where present, is targeted by
78%. Post-operative imaging with high-resolution thin-
slice MRI was utilized by 82% to verify the biopsy site.
Sixty-three respondents (86%) stated that the institution

performing the biopsy must offer the infrastructure for
immediate processing of fresh tissue.

Biopsy in clinical trials

In the context of a clinical trial, 51% (37) respondents agreed
that trial-specific training in brainstem biopsy techniques
should occur. Fifty-four (74%) stated that a patient’s neuro-
logical state should be defined as part of the trial eligibility
criteria. Ninety-seven percent stated that the trial should in-
clude collection of morbidity and mortality data. Seventy-four
percent agreed that the minimum required tissue volume
should be defined in the trial. Finally, 91% stated that the

Table 1 (continued)

Questions Answers

Yes No Others

Others 5(6.84%): 2 not mandatory, 1 if not too risky, 1 if
possible, 1 include also the rim with normal brain.

15. Post-operative imaging with high-resolution thin-sliced
MRI is required in order to verify the correct region of
biopsy?

59
80.82%

10
13.69%

3 (4.16%)
-Not if anesthesia needed
-CT can be enough
-Unless pathology is clear cut

16. The institution performing the biopsy must offer the
infrastructure for immediate tissue processing for fresh
tissue processing?

63
86.3%

8
10.95%

1 (1.36%)
-Depends on the reason
1 no answer

17. The treating team should offer the full range of
treatment including palliative care for the patients?

66
90.41%

5
6.84%

1 (1.36%)
-Possibly
1 no answer

18. What is the lowest age of a patient being included for a
DIPG biopsy?

6 months, 35.62%
(26)

1 year, 19.18%
(14)

2 years, 24.66%
(18)

3 years, 5.48% (4)
4 years, 5.48% (4)

7 Others: 9.59% No limits in 4 responders, 1 should be
case basis, 1 before 3 years is unusual and it is difficult
to use stereotaxy.

19. What are the accepted approaches for DIPG biopsies?
(multiple answers possible)

Transfrontal
57.75% (41)

Transcerebellar
90.14% (64)

Trans-4th-ventricle
40.85% (29)

Endoscopic
49.44% (28)

7.04% (5) Depends on the side of the tumor,
trans-4th-ventricle seems to be open surgery?

20. The accepted techniques for DIPG biopsies are:
(multiple answers possible)

Frame-based
stereotaxy
88.73% (63)

Frameless
stereotaxy
83.10% (59)

Microsurgical
59.15% (42)

Endoscopic
46.48% (33)

5.63% (4)
Robotic biopsy
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treating team should offer the full range of treatment, includ-
ing palliative care.

Discussion

The aim of the survey was to generate a better understanding
regarding neurosurgical opinion of pediatric DIPG biopsy.

Historically, there have been different opinions about
the risks and benefits of biopsy, due to the perceived risks
of surgery and the poor prognosis despite advances in
oncological therapy. In 1983, Albright et al. [7] suggested
that DIPG biopsy could identify patients with a worse
prognosis (e.g., those with increased mitoses), to poten-
tially justify more aggressive treatment. In 1993, the same
group concluded that these tumors can be identified reli-
ably by radiological criteria alone, differentiating them
from focal tumors or medullary or midbrain tumors [1].
As a result, they concluded that it has no benefit to DIPG
biopsy and that “routine biopsy should be relegated to
neurosurgical history” [1]. This is subsequently supported
by Epstein and Constantini [2], who defined MRI charac-
teristics for the diagnosis of DIPG without the need for
biopsy [8]. In this survey, 26 (36%) respondents consid-
ered that MRI characteristics alone were insufficient for
DIPG diagnosis, with 2 respondents specifying that other
criteria such as age and symptom onset should also be
considered. There was no agreement as to whether central
review of the images should be mandatory outside a clin-
ical trial.

With the advent of molecular profiling [9] and improve-
ments in safe biopsy techniques [10], the option of DIPG
biopsy at diagnosis has been reconsidered—with the aims of
identifying molecular alterations, performing biological-based
research, and evaluating new treatment options. In addition,
biopsy could provide further information to guide the devel-
opment of pre-clinical models and may lead to targeted ther-
apies for these tumors in the future [11].

As we prepared this neurosurgery-focused survey for pub-
lication, another oncology-focused DIPG survey was pub-
lished [12]. Their stated primary objective was to describe
the current situation in Europe with the aim of developing
international consensus guidelines. The survey was organized
and disseminated by pediatric oncologists. The authors focus
on the diagnosis and therapeutic strategies for these tumors,
and the vast majority (87.8%) of respondents were pediatric
oncologists, and only 6.8% respondents were neurosurgeons.
In contrast, the survey we present in this paper was directed to
pediatric neurosurgeons with the primary objective of provid-
ing a detailed analysis of the neurosurgical attitudes to DIPG
biopsy.

In the El-Khouly et al. survey, there was an interesting
analysis of treatment decision-making. With respect to tumor
biopsy, 41.9% stated that all or most patients should have a
biopsy (all 13.5%; most 28.4%), although 16.2% never con-
sider a biopsy (Fig. 1). Some of the reported variation was felt
to stem from concerns over the potential relevance and benefit
of biopsy as this rarely influences treatment modality
decisions.

The responses demonstrated that there is still a lot of diver-
sity in terms of type and intensity of treatment options. In
summary, 54.1% use radiotherapy monotherapy and 44.6%
combine radiation with chemotherapy. The option of no ther-
apy increases significantly from the time of diagnosis (1.4%)
to the first (9.5%) and second recurrence (77%).

Another interesting finding from El-Khouly was that
even though 73% respondents reported to have ongoing
clinical trials in their hospital or country, the majority of
respondents (51.4%) recruit less than 25% of their patients
to clinical trials. Overall, therefore, the El-Khouly paper
demonstrates that there is still variation in attitudes to bi-
opsy, with the majority not considering a biopsy, and great
heterogeneity in the treatment regimes, especially upon
disease progression.

The goal of the current survey was to assess the acceptabil-
ity of DIPG biopsy within an international neurosurgical com-
munity. The ISPN membership list was chosen since it

Fig. 1 Rate of answers given in percentage from questions no. 4: Is
biopsy needed to diagnose DIPG in all cases (inside and outside of a
trial)?; no. 6: Are DIPG biopsies justified in the context of a clinical
trial if molecular biological targets are investigated and used as a

treatment target?; no. 9: The trial must include morbidity and mortality
data acquisition in order to prospectively evaluate the risk/benefit ratio of
DIPG biopsies
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allowed access to a wide distribution of international neuro-
surgeons with a breadth of experience and resources.

Our survey confirmed that DIPG biopsy is still controver-
sial and there remains no consensus about its routine use. A
low percentage of responders from our survey (14%) biopsied
all these tumors routinely, which is in line with the El-Khouly
survey (13%) [12]. Our neurosurgical survey demonstrated an
almost unanimous agreement that a biopsy should be per-
formed in the setting of a clinical trial where molecular pro-
filing is included and could be used for targeted treatment. The
El-Khouly survey also showed that a significant proportion of
patients were not recruited to clinical trials, with the conclu-
sion that these patients are unlikely to undergo tumor biopsy.
The clear neurosurgical willingness to undertake DIPG biopsy
in the context of clinical trials is important to recognize when
considering trial design. Neurosurgeons appear willingly to
perform the surgery, so now we need well-designed trials of
appropriately targeted therapeutics. As wewrite this, however,
we are also aware that one of the current trials with biopsy-
related targeted therapy (BIOMEDE) has recently stopped
recruiting due to lack of efficacy on interim analysis. This
highlights the ongoing challenge that DIPG poses to the pe-
diatric neuro-oncology community.

In our survey, there was a clear desire to better understand
the morbidity and mortality risks associated with DIPG
biopsy—the vast majority of neurosurgeons agreed that this
data should be collected as part of a clinical trial. In turn, this
risk:benefit data would allow improvements in informed con-
sent processes. The favored surgical technique involved
frame-based or frameless stereotaxy, using a side-cutting nee-
dle via a transcerebellar transpeduncular approach.

One area that proved controversial was the actual site of
the biopsy. When asked whether “the contrast-enhancing
area of the tumor should be targeted during biopsy when
present,” there was no consensus opinion. One of the rea-
sons for this may be that the enhancing region is variably
located, and may be in a deep area of tumor such as the
anterior pons, making it a more dangerous target. Puget
and Grill [13] recommended the transitional zone at the
middle cerebellar peduncle as the optimal target, since this
is representative of the deeper tumor mass and was con-
sidered to be relatively safe.

Currently, there are 36 clinical trials on DIPG registered in
clinicaltrials.gov, which are actively recruiting patients. Of
those, 5 trials include the collection of tissue samples for
molecular profile studies. Two trials are observational
(NCT03101813 and NCT01106794). Three trials are
interventional, one using a H3.3K27M peptide vaccine [14],
another using Erlotinib/Everolimus/Dasatinib treatment
depending on the molecular profiling (BIOMEDE) [15], and
the third using an oncolytic virus [16]. However, only one of
the trials [15] includes the collection of biopsy-related mor-
bidity data. In addition to the clinical trials, Germany has a

c a n c e r r e g i s t r y wh i c h i n c l ud e s D IPG b i op sy
(INFORM—INdividualized Therapy FOr Relapsed
Malignancies in Childhood) and has the intention of develop-
ing personalized therapies [17].

A clear majority of respondents supported on-site fresh tissue
processing for DIPG biopsy, which is something that the authors
also agree with. Trials such as BIOMEDE have highlighted the
need to consider more fragile research targets such as RNA—
which rapidly degrades after a biopsy has been obtained.
Therefore, if we are to advance our understanding of the molec-
ular biology of these tumors and develop new treatments, it is
important to process the fresh tissue in a short timeframe after it
has been obtained. It is also important to ensure that adequate
tissue samples are obtained, and surgeons need to ensure that
enough cores of tissue are taken at each biopsy, with a minimum
recommendation of 2-cores of tissue [18].

The role of trial-specific training in DIPG biopsy proved
controversial in this survey, with only 37 respondents (51%)
in favor. This probably relates to a number of factors. There
will be a body of neurosurgeons who are familiar with frame-
based and frameless biopsy techniques and therefore feel that
additional training on these matters is not required. However,
this has to be balanced against the trial-specific protocols that
cover the amount of tissue needed, and how it is to be handled,
the drug being tested (if any) and sponsor/research governance
requirements.While the expertise of individual neurosurgeons
may not be at question in such trial-specific training, the au-
thors acknowledge that research governance protocols will
frequently require trial-specific training to occur. Therefore,
perhaps the real outcome from this question is that there is a
need for improved communication about the development of
DIPG clinical trials and related protocols. As mentioned in the
previous published survey about DIPG diagnosis and treat-
ment [12], international guidelines or recommendations
should be developed based in data registration (via DIOPE
DIPG Registry as an example).

Conclusions

Our survey has found that DIPG biopsy is viewed as ac-
ceptable by the majority of responding neurosurgeons, as
long as it is in the context of clinical trials that include
molecular profiling and potential targeted treatment.
Prospective multi-center DIPG trials that include biopsy
would present an opportunity to improve understanding
of these tumors, and would potentially be able to offer
novel therapeutic options. Trial protocols need to include
analysis of the risks associated with biopsy, and underline
the importance of multidisciplinary collaboration. Until
then, we recommend that all DIPG biopsies are recorded
in an International registry to provide data on tumor biol-
ogy and procedure-related risk.
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