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Abstract
Gliomatosis cerebri (GC) is an aggressive glioma characterized by an invasive growth pattern and a dismal prognosis. The 
low incidence and non-specific symptoms at presentation pose unique challenges for early diagnosis and disease-specific 
research. There is no standard of care for the treatment of patients with a GC phenotype. Understanding the biology of this 
entity is a critical step in determining effective treatments. Toward this end, the Second International GC Group convened at 
National Institutes of Health, Bethesda on June 22nd–23rd 2017. This paper summarizes the main conclusions and recom-
mendations for research priorities to fight this fatal condition.
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Introduction

Gliomatosis cerebri (GC) is currently recognized as an 
extremely infiltrative pattern of diffuse glioma spread, rather 
than a discrete histologic or molecular subtype of glioma. 
Traditionally, morphologic classification and grading of 
astrocytic tumors, including GC, has been established using 
histologic examination of tumor tissue including standard 
hematoxylin and eosin staining, immunohistochemistry, and 
more recently basic molecular characterization. However, 
the diagnosis of GC is controversial as there is no common 
consensus for the pathologic and radiographic description of 

GC. There is no clinical hallmark of GC and the prognosis 
is variable. Even in patients who have a histologic diagnosis 
of glioma, there is no standard radiographic criteria delin-
eating a diagnosis of GC. Many diseases such as progres-
sive multifocal leukoencephalopathy, Behcet’s disease, viral 
encephalitis, vasculitis, subacute sclerosing panencephalitis 
can mimic the appearance of GC [1, 2]. Molecular studies on 
GC have demonstrated genetic alterations such as isocitrate 
dehydrogenase 1 (IDH) mutation, tumor protein 53 (TP53) 
mutations and epidermal growth factor overexpression 
which are not specific for GC and also found in other diffuse 
gliomas [3–5]. Subgroups defined by DNA methylation pro-
filing are also similar to other gliomas [5]. Treatment of GC 
is challenged by the fact that there is no established standard 
of care in either the adult or pediatric population. The use of 
radiation therapy is difficult as the disease is often radiore-
sistant and the radiation field is frequently large, leading to 
extensive neurotoxicities. Similarly the role of chemotherapy 
is not well-established, though patients have been treated 
with temozolomide and lomustine based regimens [6–8].

The World Health Organization (WHO) classification 
historically has been ambivalent about its stance on GC as a 
specific disease. In 1993, there was initial consideration as to 
whether it deserved inclusion as a distinct pathological entity 
[9]. In 2016, GC was eliminated as a distinct pathologic 
entity based on overlap of discrete molecular alterations 
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with other high-grade gliomas, and the absence of distinct 
molecular or histologic features compared to other malignant 
gliomas [5, 10–12]. However, it was noted that GC merits 
further study as this phenotype has characteristic and unique 
migration and invasiveness patterns and different treatment 
outcomes. The First International Gliomatosis cerebri Group 
Meeting was held in Paris (France) in 2015 [13]. This meet-
ing refined the diagnostic criteria of GC suggesting that 
rather than defining GC based on a radiologic definition, this 
entity should be recognized as diffuse gliomas characterized 
by similar infiltrative spread and aggressive clinical course. 
Experts focused on appropriate diagnostic procedures such 
as use of magnetic resonance (MR) imaging and MR spec-
troscopy and recommended that at least two different biopsy 
samples be obtained using the same needle tract at different 
tumor depth to reduce sampling error. A major initiative 
was the establishment of GC registries in the United States 
(New York) and Europe (London and Heidelberg) with a 
goal to extensively study the molecular profile of GC cases. 
In 2017, a dedicated group of scientists and physicians met 
in Bethesda, USA with GC families and foundations from 
around the world for the Second International Gliomatosis 
cerebri Group Meeting. The meeting focus was to review 
the progress made towards the understanding of GC and 
to develop meaningful collaborative projects to be imple-
mented within the next two years. Three provocative projects 
were identified: (1) sequencing and target identification, (2) 
evaluating the potential of immunotherapy, and (3) clinical 
translation.

GC affects all age groups, although appears to be more 
prevalent in adults [2]. Although most epidemiologic stud-
ies are small, the median age at diagnosis has been reported 
from 37 to 66 years and it shows a slight male predominance 
[2, 14–16]. Patients can present with seizures, symptoms of 
raised intracranial pressure, cognitive changes and motor 
deficits. The diagnosis of GC is reached with a combination 
of clinical symptoms, radiographic criteria and histologic 
confirmation. Brain MR imaging shows diffuse T2 FLAIR 
white matter involvement in more than two contiguous 
lobes or areas of the brain. Classically, no significant con-
trast enhancement is present. Pathological examination of 
the tumor tissue shows a predominantly astrocytic tumor, 
which can be grade II, III or IV. Oligodendroglial pheno-
type is less common. Unfortunately, in many cases, there is 
no tissue confirmation of tumor, limiting the availability of 
samples for research. In a recent Surveillance, Epidemiol-
ogy and End Results study on adult GC patients, from 1999 
to 2010, only 58% of patients had a documented pathologic 
confirmation of GC [14]. In terms of clinical management, 
there is no general agreement on therapy. Many centers treat 
these patients as malignant glioma, with radiation therapy 
and chemotherapy, although this is difficult to assess as 
diagnosis may be recorded as glioma, malignant glioma or 

glioma, not otherwise specified. Additionally, most patients 
with GC are excluded from clinical trials for adult high-
grade glioma. Median overall survival (OS) is reported rang-
ing from 7 to 18.5 months [2, 14, 15, 17]. The GC Interna-
tional Registry, New York reported an OS of 17 months in 
children and found that age > 10 years, male gender, and 
low-grade pathology favored a longer OS [17]. A consensus 
paper including diagnosis and treatment recommendations 
in pediatrics was published in 2016 [13].

Recent Gliomatosis cerebri progress

It is not surprising that recent DNA methylation profiling 
data demonstrates that adult and pediatric GC clusters with 
other well recognized glioma molecular sub-groups and do 
not express specific molecular markers [5, 10]. Subsequently, 
the revised 2016 WHO classification for central nervous sys-
tem (CNS) tumors removed GC as a distinct histopathologi-
cal entity [11]. More extensive analyses of GC samples will 
further address glioma sub-categorization of GC patients, 
including determination as to whether some groups are 
enriched or if new categories are identified. The European 
Society for Pediatric Oncology (SIOPE) high-grade glioma/
diffuse intrinsic pontine glioma (DIPG)/GC brain tumor 
working group is in the process of retrospectively collect-
ing and centrally reviewing radiologic and histopathologic 
features of GC cases across European countries, which 
may provide answers and insight into GC subgrouping. In 
the United States, a GC International Registry is currently 
located in at the Weil Cornell Medical Center, New York. 
It collects clinical data and tissue samples of patients with 
GC. Patients or their family member may seek to enroll in 
the registry which serves as a central repository and uses the 
collected tissue samples for genomic sequencing. The inva-
sive and migratory biology of GC needs to be understood 
and meaningful research projects may unveil key mecha-
nisms for tumor initiation, maintenance and progression. 
Outstanding key questions that need to be addressed include 
what makes these glioma cells so infiltrative? What gives 
them the capacity to migrate throughout the brain in short 
periods of time? What is the interaction of tumor cells with 
the brain microenvironment and the periventricular neural 
stem cells? Why do they preferentially invade rather than 
form a distinct tumor mass?

Dedicated laboratories in North America and Europe 
have established several GC cell lines, enabling disease-
specific pre-clinical studies and potential development of 
animal models. Ongoing molecular and functional studies 
designed to better understand the biology of this disease 
will hopefully lead to identification of disease-specific tar-
gets and more effective therapies. Gliomas of corresponding 
grades and pathology will be used as comparison groups for 
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biologic, molecular and other investigations of GC cases. In 
an effort to obtain statistically significant findings for this 
rare disease phenotype, there is a proposal to establish a 
SIOPE registry for the centralized study of GC cases across 
Europe.

Relevant current clinical trials for GC, 
the National Institutes of Health (NIH) 
initiative

The NIH is developing a natural history and biology study of 
children, adolescents and adults with GC. This natural his-
tory study is envisioned as a comprehensive study, enrolling 
GC patients at any point in their disease course. It aims to 
develop a better understanding of GC natural history and elu-
cidate its biology and pathophysiology by extensive tumor 
profiling. Tumor tissue will be assessed longitudinally, at 
initial diagnosis and at the time of progression. Samples will 
be interrogated for genomic analysis, methylomics and eval-
uation of the tumor microenvironment. Clinical assessment 
is planned comprehensively with the inclusion of ophthal-
mology, audiology, endocrinology, and neuro-psychiatry, as 
well as patient reported measures including quality-of-life 
assessments. Multi-parametric imaging with diffusion tensor 
imaging, diffusion weighted imaging, MR spectroscopy and 
18F-fludeoxyglucose positron emission tomography (PET) 
will be incorporated to study tumor invasiveness, grading 
and metabolism.

The Neuro-Oncology Branch at NIH, currently has an 
open phase II trial (NCT03173950) of the immune check-
point inhibitor, nivolumab, in patients with select rare CNS 
cancers and includes GC. This trial will provide an oppor-
tunity to study correlative GC biology, immune expression, 
subtyping of tumor infiltrating lymphocytes, and evaluate 
any relationship between pretreatment immunocompetence 
and phenotyping correlates with response to nivolumab.

Provocative projects

One goal of this meeting was to identify three provocative 
projects specific for GC and define objectives and action 
items for each. A 2-year timeline is targeted for each of the 
provocative projects.

Project 1: Focused on GC tissue sequencing and target 
identification. For a comprehensive study on GC biology, 
there was a consensus for creating an international GC regis-
try similar to the existing DIPG registries in North America 
(http://www.dipgr egist ry.org) and Europe (SIOPE DIPG 
Registry). As GC is heterogeneous, often with a solid and an 
infiltrative portion, experts recommended that tumor tissue 
should be sampled from more than one site, with emphasis 

on tissue sample from any solid tumor component or central 
tumor as well as infiltrative part.

Project 2: Focused on the evaluation of the potential of 
immunotherapeutics for patients with GC, particularly given 
the exceptional response of a patient with GC on a Phase 
1 study of radiation therapy administered with the immu-
nomodulatory agent, lenalidomide [18]. There are multi-
ple unknowns in this patient population including baseline 
immune function, immunosuppressive mechanisms in the 
tumor microenvironment and if this differs from those with 
other malignant glioma phenotypes, and presence or absence 
of tumor-specific antigens. To identify target antigens, tumor 
samples need to be studied genetically with single cell RNA 
sequencing and the exploration of tumor microenviron-
ment. Several studies have described a synergistic effect of 
radiation therapy with immunotherapy and this opportunity 
should be explored in GC [19, 20]. Projects on immuno-
therapy should be linked to the GC registry so that tumor 
tissue and response to immunotherapy can be systematically 
studied.

Project 3: Focused on clinical translation of GC-specific 
pre-clinical and patient-related research. However, due to the 
lack of understanding of the biology in GC, experts agreed 
that initial studies should focus on preclinical studies on GC 
invasiveness, with clinical studies subsequently projected 
to be built upon this work. Meeting attendees proposed and 
supported multiple biopsies (solid or tumor interior versus 
invasive edge) when possible at diagnosis [6]. The group 
also recommended serial cerebrospinal fluid and serum sam-
pling, and novel imaging techniques (i.e. 18F-dihydroxyphe-
nylalanine PET) to evaluate response to treatment.

The way forward

Although GC is no longer identified as a discrete histologic 
glioma subtype, it remains a unique pathological process 
with rapidly malignant course. No mutational signature of 
GC has been found. It is plausible that GC is a type of con-
vergent evolution of various diffuse gliomas, by which they 
escape tumor cell killing. Efforts are needed in other spheres 
such as study of tumor microenvironment, single cell RNA 
sequencing, proteomics and immune function to unveil the 
mechanism of invasiveness in GC. Development of a com-
prehensive international GC registry to study the GC biol-
ogy, further research into exploring immunotherapy for GC 
and investing into GC pre-clinical studies will pave a way 
forward into improving our understanding and translating 
GC research to patient care.

Acknowledgements List of scientific participants of the Second 
International Gliomatosis cerebri Group Meeting, June 22–23, 2017, 
Bethesda, USA: Kenneth Aldape, University Health Network, Canada; 

http://www.dipgregistry.org


 Journal of Neuro-Oncology

1 3

Marta Alonso, University Hospital of Navarra, Spain; Terri Armstrong, 
National Cancer Institute, USA; Timothy Bentley, Purdue University 
College of Veterinary Medicine, USA; Veronica Biassoni, Fondazione 
IRCCS Instituto Nazionale dei Tumori, Italy; Anne-Florence Blan-
din, University of Strasbourg, France; Alberto Broniscer, St. Jude 
Children’s Research Hospital, USA; David Castel, Gustave Roussy/
CNRS, France; Kenneth Cohen, Johns Hopkins Hospital, USA; Ben-
jamin Deneen, Baylor College of Medicine, USA; Ira Dunkel, Memo-
rial Sloan Kettering Cancer Center, USA; Natacha Entz-Werle, CHU 
Strasbourg, France; Gerrit H. Gielen, University Hospital Bonn, Ger-
many; Mark Gilbert, National Cancer Institute, USA; Stewart Gold-
man, Northwestern University, USA; Jeffrey Greenfield, Weill Cornell 
Medicine, USA; Cynthia Hawkins, The Hospital for Sick Children, 
Canada; Chris Jones, The Institute of Cancer Research, UK; Yasmin 
Khakoo, Memorial Sloan Kettering Cancer Center, USA; Mark Kieran, 
Dana Farber Cancer Institute, USA; Amy LeBlanc, National Cancer 
Institute, USA; Rishi Lulla, Northwestern University, USA; Peter 
Manley, Dana Farber Cancer Institute, USA; Dragan Maric, National 
Cancer Institute, USA; Michelle Monje, Stanford University, USA; 
Andres Morales La Madrid, Hospital Sant Joan de Deu, Spain; Gio-
vanni Morana, Istituto Giannina Gaslini, Italy; Edjah Nduom, National 
Cancer Institute, USA; Hideho Okada, University of California San 
Francisco, USA; Roger Packer, Children’s National Health System, 
USA; Surabhi Ranjan, National Cancer Institute, USA; David Reardon, 
Dana-Farber Cancer Institute, USA; Karlyne Reilly, National Cancer 
Institute, USA; Elisabetta Schiavello, Fondazione IRCCS Instituto 
Nazionale dei Tumori, Italy; Jack Shern, National Cancer Institute, 
USA; Katherine Warren, National Cancer Institute, USA; Patrick Wen, 
Dana-Farber Cancer Institute, USA; Jing Wu, National Cancer Insti-
tute, USA. We gratefully acknowledge the support provided by the 
following GC advocacy and research collaboratives: Anne un rayon 
de soleil, AYJ Fund, Children’s Brain Tumor Foundation, Elizabeth’s 
Hope, Fey y Misericordia, Franck un rayon de soleil, Izas la Princesa 
Guisante, Joshua Bembo Project, Kelly and Kyle Fisher, Mathys un 
rayon de soleil, Robert and Heather Jucha and Rudy A Menon Foun-
dation. We thank the National Institutes of Health for co-sponsoring 
this meeting. This research was supported by the Intramural Research 
Program of the National Institutes of Health.

Compliance with ethical standards 

Conflict of interest The authors disclose that there is no conflict of 
interest.

References

 1. Rudà R, Bertero L, Sanson M (2014) Gliomatosis cerebri: a 
review. Curr Treat Opt Neurol 16(2):1–9

 2. Taillibert S, Chodkiewicz C, Laigle-Donadey F, Napolitano M, 
Cartalat-Carel S, Sanson M (2006) Gliomatosis cerebri: a review 
of 296 cases from the ANOCEF database and the literature. J 
Neurooncol 76(2):201–205

 3. Mawrin C, Kirches E, Schneider-Stock R, Boltze C, Vorwerk CK, 
von Deimling A, Stoltenburg-Didinger G, Bornemann A, Romeike 
B, Sellhaus B (2005) Alterations of cell cycle regulators in Glio-
matosis cerebri. J Neuro-oncol 72(2):115–122

 4. D’Urso OF, D’Urso PI, Marsigliante S, Storelli C, Luzi G, Gian-
freda CD, Montinaro A, Distante A, Ciappetta P (2009) Correla-
tive analysis of gene expression profile and prognosis in patients 
with Gliomatosis cerebri. Cancer 115(16):3749–3757

 5. Herrlinger U, Jones DT, Glas M et al (2016) Gliomatosis cerebri: 
no evidence for a separate brain tumor entity. Acta Neuropathol 
131(2):309–319

 6. Glas M, Bahr O, Felsberg J et al (2011) NOA-05 phase 2 trial of 
procarbazine and lomustine therapy in Gliomatosis cerebri. Ann 
Neurol 70(3):445–453

 7. Sanson M, Cartalat-Carel S, Taillibert S et al (2004) Initial chemo-
therapy in Gliomatosis cerebri. Neurology 63(2):270–275

 8. Soffietti R, Rudà R, Laguzzi E et al (2007) Treatment of Gliomato-
sis cerebri with temozolomide: a retrospective study of the AINO 
(Italian Association for Neuro-Oncology). In: ASCO Annual 
Meeting Proceedings 2007: 2033

 9. Kleihues P, Burger PC, Scheithauer BW (1993) The new WHO 
classification of brain tumours. Brain Pathol 3(3):255–268

 10. Broniscer A, Chamdine O, Hwang S et al (2016) Gliomatosis 
cerebri in children shares molecular characteristics with other 
pediatric gliomas. Acta Neuropathol 131(2):299–307

 11. Louis DN, Perry A, Reifenberger G et al (2016) The 2016 World 
Health Organization classification of tumors of the central nervous 
system: a summary. Acta Neuropathol 131(6):803–820

 12. Ranjan S, Warren KE (2017) Gliomatosis cerebri: current under-
standing and controversies. Front Oncol 7:165

 13. Greenfield JP, Castaneda Heredia A, George E, Kieran MW, 
Morales La Madrid A (2016) Gliomatosis cerebri: a consensus 
summary report from the First International Gliomatosis cerebri 
Group Meeting, March 26–27, 2015, Paris, France. Pediatr Blood 
Cancer 63(12):2072–2077

 14. Carroll KT, Hirshman B, Ali MA et al (2017) Management and 
survival patterns of patients with Gliomatosis cerebri: a SEER-
based analysis. World Neurosurg 103:186–193

 15. Chen S, Tanaka S, Giannini C et al (2013) Gliomatosis cerebri: 
clinical characteristics, management, and outcomes. J Neuro-
oncol 112(2):267–275

 16. Inoue T, Kumabe T, Kanamori M, Sonoda Y, Watanabe M, Tomi-
naga T (2010) Prognostic factors for patients with Gliomatosis 
cerebri: retrospective analysis of 17 consecutive cases. Neurosurg 
Rev 34(2):197–208

 17. George E, Settler A, Connors S, Greenfield JP (2016) Pediat-
ric Gliomatosis cerebri: a review of 15 years. J Child Neurol 
31(3):378–387

 18. Hipp SJ, Goldman S, Kaushal A et al (2016) A Phase I trial of 
lenalidomide and radiotherapy in children with newly diagnosed 
diffuse intrinsic pontine gliomas and high-grade gliomas. Paper 
presented at International Symposium on Pediatric Neuro-Oncol-
ogy; June, 2016; Liverpool, UK

 19. Kalbasi A, June CH, Haas N, Vapiwala N (2013) Radiation 
and immunotherapy: a synergistic combination. J Clin Invest 
123(7):2756–2763

 20. Patel KR, Lawson DH, Kudchadkar RR et al (2015) Two heads 
better than one? Ipilimumab immunotherapy and radiation therapy 
for melanoma brain metastases. Neuro Oncol 17(10):1312–1321


	Gliomatosis cerebri: a consensus summary report from the Second International Gliomatosis cerebri Group Meeting, June 22–23, 2017, Bethesda, USA
	Abstract
	Introduction
	Recent Gliomatosis cerebri progress
	Relevant current clinical trials for GC, the National Institutes of Health (NIH) initiative
	Provocative projects
	The way forward
	Acknowledgements 
	References


