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Abstract
Gliomatosis cerebri (GC) is a universally fatal extensive and diffuse infiltration of brain

parenchyma by a glial tumor. Many aspects of this phenomenon remain unknown. The First

International Gliomatosis cerebri Group Meeting had the following goals: refine the clinical and

radiologic diagnostic criteria for GC, suggest appropriate diagnostic procedures, standardize tis-

sue manipulation for histologic and molecular characterization, and prioritize relevant preclini-

cal projects. Also, general treatment recommendations were outlined for the pediatric popula-

tion. Importantly, this meeting was the starting point for meaningful collaborative international

research projects. This review is a consensus summary of discussions shared and conclusions

derived from this meeting.
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methyltransferase; MRI, magnetic resonance imaging;MRS, magnetic resonance spectroscopy;

MS, multiple sclerosis; OS, overall survival; PDL1, programmed death ligand 1; PTEN,

phosphatase and tensin homolog; SIOPE, The European Society for Paediatric Oncology;WHO,

World Health Organization

1 BACKGROUND

No curative options are available for patients who develop growth and

invasion patterns compatible with gliomatosis cerebri (GC). Given its

low incidence, high mortality, and lack of research projects, little infor-

mation is available explaining its aggressive biologic behavior. The First

International Gliomatosis cerebri GroupMeeting held in Paris (March,

2015) was organized and supported by several GC foundations from

Europe and North America. It gathered researchers and expert physi-

cians from centers dedicated to pediatric and adult neuro-oncology.

Discussions included clinical, radiologic and morphologic diagnostic

criteria (with emphasis to diagnostic procedures and tissue manipula-

tion), pediatric therapeutic recommendations, and relevant collabora-

tive preclinical projects in order to set the background for future trans-

lational and clinical research projects.

The termGCwasfirst coinedbyNevin in 1938,whodescribed three

cases with a diffuse overgrowth of neuroglial cells in wide areas of

the cerebral hemispheres.1,2 According to the World Health Organi-

zation (WHO) 2007 Brain Tumors classification, GC was defined as a

diffuse glioma with an extensive infiltration of a large region of the
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central nervous system (CNS) with the involvement of at least three

contiguous cerebral lobes. Interestingly, the recent 2016 WHO CNS

classification has deleted GC as a distinct entity, and rather it has been

considered as a widespread and very invasive growth pattern iden-

tified rarely in some gliomas.3 It usually has bilateral involvement of

the cerebral hemispheres and/or gray matter, with frequent extension

to the brain stem, cerebellum, and even—although less frequently—

the spinal cord.4 Recently, Herrlinger et al.5 analyzed the genome-

wide DNA methylation and the copy number profiling of 25 adult GC

samples. Molecular characterization showed no evidence for a distinct

GC-specific molecular subgroup, and all samples could be assigned to

well-known molecular subgroups of diffuse gliomas. The authors con-

cluded that GC more likely reflects a diffuse growth pattern that may

be detected in different types of histologically and molecularly well-

defined glioma entities and does not represent a distinct entity of its

own. Similar findings have been published within the pediatric popu-

lation on the basis of overlapping genetic and epigenetic characteris-

tics with other pediatric gliomas.6 This result needs to be reproduced

and extended to larger cohorts including adult and pediatric cases.

Importantly, GC may not be morphologic entity and may have a simi-

lar molecular signature to other high-grade gliomas (HGGs). However,

what causes the unique and aggressive infiltrative nature for GC cases

remains to be elucidated. Radiologically, GC can be classified in two

subtypes: type1and type2 (seeSection3.2).7–9 Theexperts at the con-

ference concurred that GC should be understood not strictly as a radi-

ologic definition but as an entity with a similar infiltrative biologic and

clinical aggressive behavior, even though some cases do not fit strictly

the classic criteria.

2 EPIDEMIOLOGY

GC is an extremely rare form of presentation with no specific clinical

features. This makes it commonly misdiagnosed, which leads to erro-

neous or delayed diagnoses. Improving time to diagnosis should be

emphasized along with increased awareness among likely providers

(neurologists, neurosurgeons, and oncologists). It is unclear if an early

diagnosis and timely therapy has an impact on prognosis, but cor-

rect identification of GC cases will help prevent inadequate manage-

ment. It is likely that we do not know GC’s true incidence, since sev-

eral cases have been diagnosed at autopsy.7–9 There have been a few

relevant series of cases published, composed preponderantly of adult

patients. Taillibert et al.10 reviewed 296 cases in 2006 (206 patients

collected from the literature between 1993 and 2004 and 90 cases

from the French Neuro-Oncology Registry Database [ANOCEF] Net-

work between 1985 and 2004). They were aged 1 month to 85 years

(median 42) with a higher incidence among men than among women

(ratio = 1.31). Within the pediatric patient population, George et al.11

recently reviewed the literature spanning a 15-year period (January

2000 to December 2014), a time within which they described 88 pedi-

atricGCpatients. Age at the time of diagnosis ranged from4months to

21 years with an average age of 11.7 years and a male preponderance.

A review of the Weill Cornell Medical College neurological specimen

databasewas also done, with an additional 10 pediatric cases reported

demonstrating the same age range and gender predisposition.

3 DIAGNOSIS

3.1 Clinical presentation

GC can imitate a variety of conditions and may present with dif-

ferent symptoms, depending upon the initial neurologic structures

involved. Seizures are themost frequent reason for presentation, rang-

ing from a single seizure to status epilepticus. Other presenting symp-

toms include signs of elevated intracranial pressure or focal neurologic

deficits depending upon the involved area. Patients may also present

with neurocognitive alteration with poor academic performance and

may even mimic dementia; personality and behavioral changes have

also beenobserved.7–9,11 Increased awareness of this condition should

encourage medical providers to include infiltrative gliomas with GC

phenotype in the differential diagnosis of any entity with diffuse brain

involvement on imaging with or without the most frequent presenting

symptoms.

There are several conditions that can have similar clinical and radi-

ologic diagnostic criteria. It is therefore not unusual for GC patients to

have been labeled with other diagnoses and received treatments prior

to the correct diagnosis. Among these, viral encephalitis and acute dis-

seminated encephalomyelitis (ADEM) can resemble GC’s symptoma-

tology and radiology. GC should also be considered in the differential

diagnosis of multiple sclerosis (MS). In children, primary progressive

MS should always prompt extensive assessment for alternative diag-

noses, includingGC.Other pediatric diseases affecting thewhitemater

include leukodystrophies, a heterogeneous group of heritable myelin

disorders, which, when being considered, should raise the possibility of

GC. Unlike GC, seizures in leukodystrophies are usually a latemanifes-

tation. Finally, GC should also be considered in the differential diagno-

sis of vasculitis.

It is important to emphasize that every time GC is included in the

differential diagnosis of a given patient, the patient should be referred

to a center with expertise in this condition and surgical biopsy should

be considered. Histologic review and molecular characterization have

a critical role when suspected. Following these guidelines should be

the initial step in the diagnostic evaluation. Equally importantly, tissue

analysis will be the only way toward a molecular characterization to

allow for advancement beyond our current rudimentary understand-

ing of this condition.

3.2 Neuroimaging

At clinical presentation, computed tomography (CT) is usually the

first imaging obtained due to its availability, rapidity, and low cost.

CT findings commonly do not reveal the true extent of the disease

and it is not unusual to obtain “normal” reports, particularly in the

initial stages. Because of the superiority of detecting white matter

abnormalities, magnetic resonance imaging (MRI) is required for diag-

nosis. MRI findings are characterized by the presence of a diffuse,
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infiltrating signal abnormality that involves three or more contigu-

ous cerebral lobes, which is iso- to hypointense on T1, hyperintense

on T2, and fluid-attenuated inversion recovery sequences that vari-

ably expand the cerebral white matter and have absence or minimal

mass effect. It is typically a nonenhancing lesion, but discreet areas of

enhancementmaybepresent.Whilewhitematter is involvedpredomi-

nantly, graymattermay also be affected. Two types of GC pattern have

been distinguished on MRI. Type 1 is the most frequent variant and

consists in diffuse neoplastic growth and enlargement of the involved

structureswithout a solid tumor component. Type 2may represent the

local progression of type1 and is characterized by amore obviousmass

in addition to the diffuse component.7–9,11–13 GC can be differentiated

frommultifocal gliomas by its continuity ofmacroscopic tumor infiltra-

tion and through the absence of clear distinction from adjacent nor-

mal brain tissue. The role of MRI in prognosis has also been investi-

gated. To date, no imaging findings have been established as predic-

tors for patient survival. Similarly, other techniques such as magnetic

resonance spectroscopy (MRS), deoxyfluoroglucose positron emission

tomography (18F-FDG PET), and functional diffusion maps have been

explored without success.7–9,12,13 MRS myoinositol elevation pattern

and lack of elevated choline has been suggested as potentially charac-

teristic of GC.14

3.3 Histologic, genetic, and epigenetic
characterization: The role of tissue sampling

As noted in the earlier sections, the diagnosis of GC is a combination of

imaging and pathologic findings. When clinical and radiologic criteria

suggest an infiltrative glioma, histologic confirmation through an open

or stereotactically guided biopsy is mandatory. However, a number of

unique considerations should be taken into account when consider-

ing a biopsy. Given the diffuse nature of GC and the fact that gliomas

tend to be heterogeneous—even in areas that seem to be similar by

imaging—biopsy from a single site can be nonrepresentative of the

whole tumor.During theproceeding, therewas an extensive discussion

about the feasibility and safety profile of performing tissue sampling of

more thanoneareaof a suspected lesion, even if onlymillimeters apart.

Consensus from the experts was that if the neurosurgical team feels

comfortablewith the safety, it would be advisable to obtain at least two

different biopsy samples using the sameneedle tract at different tumor

depth (using the same burr hole) (Fig. 1) or by sampling two separate

tumor sites when using an open approach. This would allow different

areas of the lesion to be characterized to address for tumor hetero-

geneity, histologically and molecularly. There was also agreement that

PET/MRI-guided biopsy and novel imaging technologies will be of help

in identifying representative areas of the tumor that may increase the

yield of this procedure. Molecular markers may be of help when histo-

logic review cannot secure the diagnosis.

Histologically, the main characteristic includes a diffuse pattern of

neoplastic glial cells that grow with an absence of well-circumscribed

margins. On a macroscopic level, the underlying architecture of brain

tissue is attenuated as cells infiltrate it diffusely, but without a defin-

able tumor mass. The infiltration of white matter usually respects ner-

vous fibers, although it can be associated with destruction of myelin

F IGURE 1 Schematic showing a single trajectory path allowing mul-
tiple biopsies (in this diagram representedbynumbers 1 and2) to allow
for tumor heterogeneity

with preservation of axonal structures. The mitotic index is variable

and there is generally no vascular proliferation or necrosis. Expres-

sion of glial fibrillary acid protein (GFAP) suggests an astrocytic origin,

though in some cases it is scant or absent, with the majority of cases

compatiblewithWHOgrade III astrocytoma, but also grade II and IV.15

Oligodendroglial gliomatosis has also been described. In these cases,

biopsies usually demonstrate a uniform population of rounded cells

with perinuclear clearing.16

Very little information is available about the molecular basis of GC.

It is likely that similarly to other brain tumors, the molecular pro-

file of adult and pediatric GC will differ. However, very little at all

is known about pediatric GC at a molecular level. Ongoing sequenc-

ing pediatric GC projects in Europe and North America will surely

address this question. Since there is no effective therapy for GCs and

there is lack of biologic prognosis factors, it is important to iden-

tify immunohistochemical (IHC), molecular, genomic, and epigenomic

markers. This will not only be of help in confirming the diagnosis but

also allow for amore accuratemolecular classification, identification of

tumor responses, and hopefully permit design of novel targeted ther-

apy. As of today, there is no consensus regarding the similarities and

differences between GC and these other entities (i.e., diffuse intrin-

sic pontine glioma (DIPG)/glioblastoma multiforme [GBM]), but it is

likely that they belong to a spectrum of glial infiltrative neoplasms that

share a number of biologic pathways driven by genetic and epigenetic

alterations.5,6,17–19

Molecular characterization has given some insight into better

prognostication, 1p/19q co-deletion, and isocitrate dehydrogenase

1 (IDH1) somatic mutation; specifically, IDH1R132H mutations have

been proposed as favorable prognosis factors in adult studies.20

Within a significant number of GC samples, O6-methylguanine-

DNA methyltransferase (MGMT) promoter methylation has been

found, but its relationship to prognosis has not yet been clearly

determined.11,17,21,22 There are other nonspecific somatic mutations

involved in GC, including epidermal growth factor receptor (EGFR),



4 GREENFIELD ET AL.

phosphatase and tensin homolog (PTEN), and TP53, all of which are

well known in other invasive glial tumors. During the meeting, pre-

liminary evidence from the European Society for Paediatric Oncol-

ogy (SIOPE) GC collaborative review was presented. It included 63

samples from patients with an average age of 13 years (range 3–

17 years). Whole-exome sequence data from 10 samples were pre-

sented showing, among others findings, a 10% incidence of mutations

in H3.3G34 and H3.3K27 andmutations in SETD2 (20%), EGFR (30%),

and p53 (40%). These findings signify how crucial it is to obtain ade-

quate tumor tissue, as well as its proper preparation and storage. By

storing under ideal conditions in centralized biobanks, next-generation

sequencing performed in state-of-the-art research centers is possible.

As discussed above, recently publishedmolecular profiling of GC adult

cases showed that—not surprisingly—these cases share some of the

molecular characteristics identified in other infiltrative gliomas.5 Simi-

lar results were obtained by molecular profiling a small cohort of pedi-

atric patients, showing that GC in children harbors mutations, onco-

gene amplifications, and particularly a methylation profile that over-

laps with other pediatric HGGs.6 However, it is to be established what

gives “GC-like” tumors the ability to migrate and aggressive infiltrate

throughout normal brain parenchyma. It is likely that GC cases repre-

sent one end on the spectra of highly infiltrative HGGs.

4 IS THERE A “STANDARD OF CARE”?

There is no standard therapy for GC, and all therapeutic interventions

are palliative. Given its infiltrative nature, surgery has no role beyond

tissue sampling or limited debulking of focal tumor regions causing

mass effect. Historically, GC patients have not been included in other

HGG trials. Therefore, there is no consensus on the best approach

for affected patients. In fact, there was no agreement among experts

present in Paris about the real impact that chemotherapy or radiother-

apymay have on this disease.23–27

After confirming the diagnosis of GC based on imaging and histo-

logic review, the panel of experts recommended the administration of

upfront “institutional” chemotherapy used forHGG. Even though a few

trials have attempted to establish the best chemotherapy approach for

GC, there is insufficient data to recommend a specific combination.

The NOA-05 Phase 2 Trial of procarbazine and lomustine therapy in

adult GC23 was the first multicenter prospective trial in this patient

population. Its primary endpoint was to determinate the percentage of

patientswithout therapy failurewithin 8months (four cycles of procar-

bazine/lomustine) from enrollment. Thirty-five patients were included

with a median age of 50 years. Failure-free survival at 8 months was

observed in 50.3% patients and the median progression-free survival

was 14 months. The median overall survival (OS) was 30 months,

which compared favorably to those reported in retrospective studies

that have a median OS of 11–24 months.23 Other studies reporting

chemotherapy effectiveness in GC have been published with similar

poor responses.24,25

With respect to radiation therapy, the panel of experts felt that

although it appears to be effective in delaying disease progression, the

optimal timing remains unclear.Many patientswithminimal symptoms

at diagnosis may have significant worsening of quality of life with

radiation as a result of the high doses and very large fields required.

Radiation therapy may therefore be more appropriate at the time of

progression. In children, the concern for long-term neurocognitive

impairment associated with radiation therapy is important, but it

may be less of an issue in this disease because survival from invasive

gliomas is rare. Anti-angiogenic therapies such as bevacizumab have

not proven to be effective in this disease (Wen P, et al., unpublished

data). Low vascularization and absence of contrast enhancement may

explain the perception of a lack of benefit from this strategy. Further-

more, there are concerns that bevacizumab therapymay be associated

with the development of an evenmore invasive phenotype.28

Tumor evolution is a well-documented phenomenon and particu-

larly relevant at tumor progression. If we are going to design future

clinical trials utilizing novel targeted therapies, it is paramount that our

targets are present in the tumor at the momentwe are administering a

specific targeted therapy. It is likely that several targeted therapy trials

have failed because testing performed in diagnostic tissue identified

a molecular target that may have become less relevant at the time of

progression. Clearly, multiple biopsies at diagnosis and progression

can add to patient risk and should be done in centers with appropriate

expertise. Doing so would allow for the evaluation of tumor evolution

induced by chemotherapy or radiotherapy and redefinition of “dru-

gable” molecular targets in real time. Important ethical and safety

considerations will have to be addressed when considering these

sequential procedures, ideally within the context of a clinical trial.

As demonstrated through the efforts from DIPG research where

both upfront pretherapy biopsy and postmortem collection of tissue

have been obtained, comprehensive longitudinal studies can be per-

formed at themolecular level.29 It is likely thatwith tissue at diagnosis,

at progression and at postmortem, wewill be able to begin the process

of understanding how to identify critical pathways offering an advan-

tage for tumor growth or resistance to treatment. This accumulating

knowledgewill provide an insight into invasive gliomas biology andwill

be of help in identifying new andmore effective therapies.

4.1 Novel therapeutics

Immunotherapy has generated significant interest recently due to

remarkable responses in a few diseases (in particular lymphomas and

melanoma) and was widely discussed at the conference. It is becoming

implemented in cancer trials worldwide and may have utility in exten-

sive infiltrative gliomas where the possibility of identifying and attack-

ing the diffuse invasion associated with these tumors could be impor-

tant. In GBM, it has been described that the loss of PTEN may result

in overexpression of programmed death ligand 1 (PDL1); this can be

used to depress cytotoxicity of lymphocytes in the tumor microenvi-

ronment and, in combination with radiotherapy, may have therapeutic

synergism. IDH1 mutations are now considered the hallmark of adult

type diffusely infiltrating astrocitomas and have also been identified in

a percentage of GC cases.5,6,30 IDH-targeting therapies are currently

under study and several trials using these inhibitors and immunother-

apy targeting the mutant IDH1 protein are being developed.31,32

Epigenetic alterations have also been shown to be highly relevant,
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particularly in HGGs.17,18,21,22 Therefore, exploring epigenetic modi-

fiers could be of significant relevance.

A lack of established GC cell lines or animal models is a signif-

icant roadblock toward progress. A major effort must be made to

develop preclinical models for studying migration patterns with func-

tional experiments.

5 PROGNOSIS

GC has a dismal prognosis, with a median OS in adult series of 9.5–

23.7 months. A recent analysis of pediatric patients showed a median

progression-free survival of 11 months with a range from 0 to 18

months and a median OS of 17 months with a range from 3 to 52

months.11 This study identified young age, good performance sta-

tus, and low-grade histology as favorable prognostic factors. Deses-

tret et al.20 describe alpha-internexin (INA) expression and IDH1R132H

mutation as favorable prognosis factors. As of today, little else is known

about other prognostic surrogates. Importantly, a multidisciplinary

approachwith the involvement of a palliative care unit and psychologic

support for the patients and families is a priority.

6 WORKING TOWARD A GC REGISTRY,
MOLECULAR CHARACTERIZATION, AND
FUTURE TRENDS

Establishing a centralized biobank and database for patients with GC

worldwide is necessary to uncover the molecular information desper-

ately needed on GC through an open-source format. The first interna-

tional registry for GCwas launched in 2015 (gcregistry.com), with over

50 registrants enrolled in the first year. Our goal is to establish patient

and tissue referral centers, two in Europe (London and Heidelberg)

and one in the United States (New York), that would centralize clini-

cal, radiologic, and, most importantly, tumor tissue banking to coordi-

nate molecular characterization. This will potentially identify targets

for novel therapies.Only then,wewill be in a position to launch amulti-

institutional international clinical trial. This approach will allow con-

sultation with physicians and researchers worldwide about individual

cases of GC and provide a hub for patients and families confronting

the diagnosis to find support fromothers and eventually to learn about

new clinical trials.

Invasive infiltrative pediatric HGG continues to be an orphan dis-

ease with grim prognosis. With extensive molecular profiling of more

cases, it will be feasible to determine whether GC should be main-

tained a separate clinical entity or if it represents the most infiltrative

form of HGGs. Centralization and open-source data will allow experts

worldwide to analyze these cases appropriately using current standard

methods aswell as through single-cell sequencing,DNA, RNA, and pro-

tein sequencingof the tumor, and through investigationof tumormark-

ers from tumors, cerebral spine fluid, and blood.Obtaining samples not

only at the time of diagnosis but also, if possible, at progression and at

autopsy will be crucial toward establishing a better understanding of

invasive gliomas biology.
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