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Abstract

This article briefly presents 10 topics that were selected by the author as ‘top 10 discoveries’ published in 2020
in the broader field of neurooncological pathology including neurosciences as well as clinical neurooncology of
interest for neurooncological pathology. The selected topics concern new information on the molecular charac-
teristics of gliomas (infratentorial IDH-mutant diffuse astrocytomas, pediatric low-grade gliomas, infant-type
high-grade gliomas, hypermutation in gliomas), the immunological aspects of the brain tumor microenvironment
(TME), the impact of the TME on preclinical glioma models, and the importance of lymphatic drainage on brain
tumor surveillance. Furthermore, important papers were published on two ‘new’ genetic syndromes predispos-
ing to medulloblastoma, on liquid biopsy-based diagnosis of central nervous system (CNS) tumors, and on the
‘microbiome’ in glioblastomas (and other cancers). In the last part of this review, a dozen of papers are given as
examples of papers that did not make it to the top 10 list of the author, underscoring the subjective component
in the selection process. Acknowledging that 2020 will be remembered as the year in which the world changed
because of the COVID-19 pandemic, some of the consequences of this pandemic for neurooncological pathology
are briefly discussed as well. Hopefully, this review forms an incentive to appreciate the wealth of information
provided by the papers that were used as building blocks for the present manuscript.
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we interacted (e.g. wearing of face masks, social dis-

Introduction tancing, travel restrictions, or even complete lock-
downs), the publication of articles in international,

Even though, in 2020, the COVID-19 pandemic peer-reviewed scientific journals seemed to con-

had a quite dramatic, worldwide impact on the way tinue more or less as usual. The author of this review
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was asked to contribute a review on the ‘top 10 dis-
coveries’ in neurooncology published in 2020. As a
search for candidate papers in PubMed using ‘brain
& tumor & 2020’ or ‘spinal cord & tumor & 2020’ as
key words resulted in over 10,000 hits, it took some
time before the selection process for the ‘top ten
discoveries’ was finished. Here follows the list of the
discoveries that emerged because they can be ex-
pected to have substantial implications for neuroon-
cological pathology:

1. Infratentorial IDH-mutant astrocytomas are differ-
ent [1]

2. Molecular landscape of pediatric low-grade glio-
mas [2]

3. Gene fusions in infant-type high-grade gliomas [3]
4. Hypermutation in gliomas [4]

5. Immunological aspects of the brain tumor micro-
environment [5-7]

6. Lymphatic drainage enables brain tumor surveil-
lance [8, 9]

7. Impact of tumor microenvironment on preclinical
glioblastoma models [10]

8. Newly recognized medulloblastoma predisposition
syndromes [11, 12]

9. Liquid biopsy diagnosis of CNS tumors [13]
10. The glioblastoma microbiome [14]

The order in this list is not based on any ranked
importance of the findings but reflects an attempt
to create some flow in this review. Furthermore, ac-
knowledging that authors did their best to optimally
summarize the essence of their findings in (espe-
cially the abstracts of) the papers, in this review sev-
eral phrases were copied and pasted from the origi-
nal papers, always accompanied by adding the ref-
erence.

Of course, there is quite a subjective compo-
nent in the selection of papers presented in this re-
view. For example, the selection was not per se
solely based on articles in the high(est)-impact jour-
nals but also aimed for a somewhat broader blend
of topics. Ergo, other colleagues would probably
have selected other papers, but, as far as | am con-
cerned, that is all in the game (‘de gustibus non est
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disputandum’). To make up for this situation to
some degree, a few papers that just did not make it
to my top 10 list will be briefly mentioned in the Dis-
cussion. Because of the extraordinary impact of the
COVID-19 pandemic in 2020 on our (professional)
lives, some COVID-19 aspects related to neuroonco-
logical pathology are very briefly discussed as well.

Topic 1. Infratentorial IDH-mutant as-
trocytomas are different [1]

In the World Health Organization (WHO) 2016
classification, three main groups of adult-type dif-
fuse gliomas are listed: astrocytomas, IDH-mutant;
oligodendrogliomas, IDH-mutant and 1p/19g-
codeleted; and astrocytomas, IDH-wildtype (with
glioblastoma IDH-wildtype as by far the most fre-
qguent representative in this last group) [15]. In the
upcoming 5% edition of the WHO classification (to be
published in 2021), some changes can be expected
in the definitions and nomenclature of IDH-mutant
astrocytomas. This is in line with what has been pro-
posed by different updates of the consortium to Im-
prove Molecular and Practical Approaches to CNS
tumor Taxonomy (cIMPACT-NOW). cIMPACT-NOW
update 5 suggested to grade the IDH-mutant astro-
cytomas as WHO grade IV if molecular analysis re-
veals the presence of homozygous CDKN2A/B dele-
tion and not only if the tumor histologically shows
features of the highest malignancy grade [16]. Fur-
thermore, cIMPACT-NOW update 6 proposed to
group the WHO grade II-IV diffuse IDH-mutant astro-
cytic tumors under a single name (“Astrocytoma,
IDH mutant”) with Arabic numerals assigned for the
grade. The most malignant form in this group would
then be ‘Astrocytoma, IDH-mutant, grade 4’ (rather
than ‘Glioblastoma, IDH-mutant’), facilitating dis-
crimination from the much more frequent and more
aggressive ‘IDH-wildtype glioblastoma’ [17]. In
these considerations, the location of the IDH-mu-
tant astrocytic tumors is not taken into account. In-
deed, in the vast majority of patients presenting
with a diffuse IDH-mutant astrocytoma, the tumor is
located in a cerebral hemisphere. Banan R et al
(with Hartmann C and Reuss D as corresponding au-
thors) published in Acta Neuropathologica the clini-
cal and pathological characteristics of a series of 42
primary infratentorial IDH-mutant astrocytic tumors
[1]. The mean age of the patients in this series was

free org



Free Neuropathology 2:5 (2021)
doi: https://doi.org/10.17879/freeneuropathology-2021-3271

37 years (similar to the patients with supratentorial
tumors), the male:female ratio was 1.8:1, and ap-
proximately 30%, 40% and 30% were considered to
be WHO grade Il, lll and IV, respectively. Interest-
ingly, only 1 out of 4 of these infratentorial IDH-mu-
tant tumors had the IDH1 R132H mutation (in su-
pratentorial tumors this is > 80%), with IDH1
R132C/G and IDH2 R172S/G as the most frequent
‘other’ IDH mutations. Also, ATRX loss and MGMT
promoter methylation were significantly less fre-
guently found in the infratentorial compartment. Of
note, gene panel sequencing revealed two samples
with IDH1 R132C/H3F3A K27M co-mutations in this
series. Overall, the clinical outcomes of patients with
infratentorial IDH-mutant astrocytomas were signif-
icantly better than for patients with diffuse midline
gliomas, H3K27M-mutant but were significantly
worse than for patients with supratentorial IDH-mu-
tant astrocytomas when the two cases with
IDH1/H3K27M co-mutation were included. After ex-
clusion of these two cases, only a trend toward
worse outcome for infratentorial IDH-mutant astro-
cytomas was seen. This study shows that diffuse gli-
omas in the brainstem and cerebellum are easily
missed as being IDH-mutant in cases where only im-
munohistochemistry for IDH1 R132H mutant pro-
tein is performed and that H3K27M mutations co-
occur in a small subset of these tumors and signify
worse prognosis.

Topic 2. Molecular landscape of pediat-
ric low-grade gliomas [2]

Ryall S et al (with Tabori U and Hawkins C as co-sen-
ior authors) published a paper in Cancer Cell report-
ing the results of combined clinical, morphological
and molecular profiling of > 1000 well-annotated,
pediatric low-grade gliomas (pLGGs) with extensive
clinical follow-up. The vast majority of the cases that
could be adequately analyzed at the molecular level
were found to harbor a driver alteration leading to
activation of the RAS/MAPK pathway, while those
without an identified alteration often showed up-
regulation of this pathway as well. Based on the type
of molecular alteration, pLGGs could be broadly
classified in different classes: rearrangement-
driven/fusion-positive tumors versus tumors with a
single-nucleotide variant (SNV). Tumors in the for-
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mer category were diagnosed at a younger age, en-
riched for WHO grade | histology, progressed infre-
quently, and rarely resulted in death as compared to
tumors in the latter category. Correlation of type of
molecular alteration with outcome (incidence of dis-
ease progression or death) allowed for stratification
of pLGGs into three risk categories: low risk (BRAF
fusions, NF1 alterations, FGFR2 fusions, MYB/MYBL1
rearrangements, FGFR1 tyrosine kinase duplica-
tions, FGFR1-TACC1 fusion); intermediate risk (BRAF
p.V600E, IDH1 p.R132H, FGFR1 SNV, MET SNV); and
high risk (BRAF p.V600E + CDKN2A deletion, H3.3
p.K27M). Additionally, a small, remaining group of
‘unknown risk’ was found with fusions of or SNVs in
other genes. Importantly, while most pLGGs in chil-
dren with the genetic pre-disposition disorder NF1
occurred as optic pathway glioma and had a good
prognosis, NF1 pLGGs arising outside the optic path-
way had significantly worse overall and progression-
free survival. Also, the most common KIAA1549-
BRAF fusion, i.e. 16:09 (involving exon 16 of
KIAA1549 and exon 9 of BRAF), was found to be as-
sociated with cerebellar location and good progno-
sis. In contrast, the KIAA1549-BRAF 15:09 fusion was
the only fusion type seen in hemispheric tumors, the
primary fusion found in tumors with ‘extensive dis-
semination’, and associated with a worse progres-
sion-free survival. These findings indeed provide
very helpful guidance for the prognostication and
clinical management of patients with pLGGs (e.g.
‘watch & wait’ for low-risk tumors versus a more ag-
gressive approach for intermediate and high-risk tu-
mors). Obviously, for individual patients, such infor-
mation should be evaluated in the context of the
clinical situation, other molecular findings, and the
exact WHO diagnosis (Figure 1).

Topic 3. Gene fusions in infant-type
high-grade gliomas [3]

In 2019, Guerreiro Stucklin AS, Ryall S et al
(with Tabori U and Hawkins C as last authors) pub-
lished a study of 171 glioma samples from 150 in-
fants in Nature Communications in which they iden-
tified three main subgroups of infant gliomas: 1)
hemispheric RTK-driven tumors, including those
showing fusion involving ALK, ROS1, NTRK, or MET,
enriched for high-grade gliomas and with an inter-
mediate clinical outcome; 2) hemispheric
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A. Pilocytic astrocytoma
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Fig. 1. KIAA-BRAF1549 duplication (and fusion) as seen in the copy number variation (CNV)-profile of a pilocytic astrocytoma (A) and a
diffuse leptomeningeal glioneuronal tumor (DLGNT) (B). A tandem duplication of chromosome 7q34, indicative of the KIAA1549-BRAF
fusion, is a frequent event in pilocytic astrocytomas and DLGNTSs. Such a duplication is generally clearly visible as a relatively high position
for this region (indicated by arrows in A and B) compared to the rest of chromosome 7 in the detailed CNV profiles that can be obtained
using e.g. methylome profiling [55]. Ryall S et al propose disease stratification of pediatric low-grade gliomas (pLGGs) based on the type
of molecular alteration(s) in the tumor, with most KIAA1549-BRAF fusion-positive tumors belonging to the low-risk category [2]. It is
important to put such information in perspective of clinical and other molecular findings and of the WHO diagnosis of the individual
patient. For example, all DLGNTSs typically show loss of chromosome 1p. The CNV profile of the DLGNT depicted in B additionally shows
gain of chromosome arm 1qg and of chromosome 8, two features that fit very well with the more aggressive ‘methylation class 2’ of these
tumors [56]. Interestingly, RT-PCR analysis of this DLGNT revealed the 15:09 KIAA1549-BRAF fusion, i.e. the fusion that, according to Ryall
S et al, is the primary one seen in pLGGs with ‘extensive dissemination’ and that is associated with worse progression-free survival.

RAS/MAPK-driven tumors, characterized by excel- proportion of remaining cases harbored gene fu-
lent long-term survival post-surgery; and 3) midline sions; these tumors typically occurred in very young
RAS/MAPK-driven tumors, enriched for low-grade children (age at diagnosis less than < 1 year), were
glioma with BRAF alterations and a relatively poor located in the cerebral hemispheres, and (like the
outcome, even after conventional chemotherapeu- ‘group 1 tumors’ as reported by Guerreiro Stucklin
tic approaches [18]. In 2020, Clarke M, Mackay A, AS et al) frequently carried fusions involving ALK (n
Ismer B, et al (last author Jones C) published in Can- = 31), NTRK1/NTRK2/NTRK3 (n = 21), ROS1 (n = 9),
cer Discovery the findings of a thorough histological or MET (n = 4) as their driving alterations. Im-
and molecular analysis of 241 tumors diagnosed as portantly, compared to the fusion-negative tumors
high-grade and/or diffuse gliomas in children < 4 in this group, these fusion-positive tumors had sig-
years of age at the time of diagnosis [3]. After ex- nificantly better outcomes. Also, they would be
cluding non-gliomas and gliomas matching known good candidates for targeted therapy. This study is a
subtypes, 130 infant gliomas remained that seemed next example of how in-depth molecular profiling of
to be part of an "intrinsic" spectrum of disease spe- pediatric brain tumors not only greatly helps to im-
cific to the infant population. These included those prove prognostication for the children suffering

with targetable MAPK pathway alterations. A large
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from these neoplasms, but also to discover actiona-
ble targets that have the potential to substantially
improve their prognosis [19].

Topic 4. Hypermutation in gliomas [4]

While only a limited number of newly diag-
nosed gliomas are characterized by an inherited mis-
match repair (MMR) defect and/or a ‘hypermutator’
phenotype, recurrent gliomas more often show such
a phenotype, especially after alkylating chemother-
apy [20]. The combination of low tumor mutational
burden (TMB) and a highly immunosuppressive mi-
croenvironment in most newly diagnosed diffuse gli-
omas renders (at least so far) effective immunother-
apy for these tumors quite challenging. Assuming
that the hypermutator status leads to an increased
expression of neoantigens, gliomas/glioblastomas
with a hypermutator phenotype could be better
candidates for immune checkpoint blockade. In a
paper in Nature, Touat M and Li YY, et al (with
Beroukhim R, Bandopadhayay P, Bielle F, and Ligon
KL as supervising authors) report the results of their
comprehensive analysis of the molecular determi-
nants of mutational burden and signaturesin 10,294
gliomas [4]. The gliomas were classified into molec-
ular subgroups according to histopathology as well
asIDH1/IDH2 and 1p/19q codeletion status. The me-
dian TMB in all samples was 2.6 mutations per Mb
(range 0.0-781.3). 558 (5.4%) tumors that were des-
ignated as being hypermutated (median TMB 50.8
mutations per Mb, range 8.8—-781.3) were analyzed
more in depth. The majority of de novo hypermu-
tated gliomas harbored mutational signatures asso-
ciated with defects in the MMR pathway (COSMIC
signatures 6, 15, 26 and 14) or the DNA polymerase
POLE (10 and 14) (2/3 and 1/3 of the samples, re-
spectively), implying that constitutional deficiency in
MMR or POLE was likely to be the underlying genetic
cause of hypermutation. In contrast, almost all glio-
mas showing high TMB post-treatment had a muta-
tional signature associated with temozolomide ex-
posure (signature 11), and half of these samples
showed a co-existing minor MMR- or POLE-defi-
ciency signature component, suggesting that defec-
tive DNA repair and mutagen exposure cooperate to
drive hypermutation in these recurrent gliomas. The
observation that bulk analyses of such post-treat-
ment hypermutated glioma did not readily detect
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microsatellite instabilities (MSls), while single-cell
whole-genome sequencing analysis did identify mi-
crosatellite mutations, can be explained by intra-tu-
mor heterogeneity for this characteristic and a lack
of sufficient evolutionary time to select subclonal
MSI populations. While the therapy-induced SNV
mutations might not readily elicit effective anti-
tumor responses (because of, for example, the qual-
ity of the mutations and/or the subclonal nature of
their associated neoantigens), longer treatment ex-
posure or combinatorial strategies may improve the
efficacy of checkpoint blockade for such tumors. Im-
portantly, and acknowledging that acquired MMR
deficiency occurs in the tumors that are considered
as being the most temozolomide-sensitive, it is not
yet clear whether the acquired MMR deficiency out-
weighs the positive effects of temozolomide in glio-
mas. The finding that MMR-deficient cells retain
sensitivity to CCNU supports the hypothesis that hy-
permutation reduces cellular fitness and tolerance
to DNA-damaging agents other than temozolomide.
One of the conclusions of the authors is that longi-
tudinal, molecular analysis of diffuse gliomas can
help improve therapeutic management and, ulti-
mately, prognosis as well.

Topic 5. Immunological aspects of the
brain tumor microenvironment [5-7]

In two papers published back-to-back in Cell in June
2020, the authors report on the abundance and het-
erogeneity of tissue-resident and peripherally re-
cruited leucocytes in glial and metastatic brain tu-
mors [5, 6]. Klemm F et al (last author Joyce J [5])
comprehensively characterized the tumor microen-
vironment (TME) of gliomas and brain metastases
using flow cytometry, RNA sequencing, protein ar-
rays, culture assays, and spatial tissue characteriza-
tion. They found that ‘education’ of immune cell
types in the TME depends on tumor origin and IDH
mutational status, with pronounced differences in
proportional abundance of tissue-resident micro-
glia, infiltrating monocyte-derived macrophages,
neutrophils, and T cells. Friebel B, Kapolou K, et al
(last authors Neidert MC, Becher B [6]) mapped the
leukocyte landscape of brain tumors using high-di-
mensional single-cell profiling (CyTOF) and found a
heterogeneous composition of tissue-resident and
invading immune cells within the TME, allowing for
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a clear distinction between gliomas and brain me-
tastases. Gliomas typically showed tissue-resident,
reactive microglia, whereas tissue-invading leuko-
cytes accumulated in brain metastases. Tissue-in-
vading tumor-associated macrophages showed a
distinctive signature trajectory, revealing tumor-
driven instruction along with contrasting lympho-
cyte activation and exhaustion. Indeed, these inte-
grated analyses further elucidate the multifaceted
immune cell activation within brain tumors and are
instrumental for a rational design of more effica-
cious, targeted immunotherapy strategies. In the
study published in Cancer Discovery, Bayik D et al
(last author Lathia JD) used mouse models to study
the presence of monocytic versus granulocytic mye-
loid-derived suppressor cells (mMDSCs/gMDSCs)
[7]. MDSCs are known to be elevated in blood and
tumor tissue of patients with glioblastoma and for
blocking antitumor immunity. Bayik D et al observed

Higher in females  Higher in males

Pilocytic astrocytoma - 1.05
Glioblastoma A 1.59%
All other astrocytomas 4 1.31*
Oligodendrogliomas - 1.27*
Ependymomas A 1.35*
Embryonal tumors 4 1.41*
Nerve sheath tumors - 0.99
Meningioma { | 0.44*
Malignant meningioma - 0.9*
Lymphoma A . 1.2*
Germ cell tumors 4 PLal7F
Pituitary tumors 4 0.82*
0..5 1.0 2..0

Fig. 2. Incidence rate ratios by sex for primary brain tumors.
The incidence of most gliomas and embryonal brain tumors is
significantly higher in males. For glioblastomas the male:female
ratio is 1.59:1 [21]. Furthermore, there is a female survival ad-
vantage for patients with glioblastoma independent of treat-
ment, age, Karnofsky Performance Status (KPS), or IDH mutation
status [22]. The work of Bayik et al may provide support for the
hypothesis that differences in immune system functions con-
tribute to these sex differences and that (immuno)therapeutic
approaches should be adapted to the patient’s gender. Figure
based on Ostrom QT et al (2020) [21]. * = p<0.05.
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that, in their models, mMDSCs were enriched in the
male tumors, whereas gMDSCs were elevated in the
blood of females. Furthermore, depletion of
gMDSCs extended survival only in female mice. Us-
ing gene-expression signatures coupled with net-
work medicine analysis, the authors demonstrated
that mMDSCs could be targeted with antiprolifera-
tive agents in males, whereas gMDSC function could
be inhibited by IL1B blockade in females. Analysis of
patient data confirmed that proliferating mMDSCs
were predominant in male tumors and that a high
gMDSC/IL1B gene signature correlated with poor
prognosis in female patients. Interestingly, there is a
quite striking sex disparity for glioblastomas at other
levels as well. For example, the incidence of glioblas-
toma is significantly higher in males than in females
(incidence rate ratio 1.59:1) (Figure 2), and there is
a survival advantage for females with glioblastoma
independent of treatment, age, Karnofsky Perfor-
mance Status (KPS), or IDH mutation status [21, 22].
The work of Bayik et al may explain some of such sex
differences in patients with glioblastoma and indi-
cate that (immuno)therapeutic approaches should
be adapted to the patient’s gender.

Topic 6. Lymphatic drainage enables
brain tumor surveillance [8, 9]

The central nervous system (CNS) has long
been considered as lacking lymphatic drainage, a sit-
uation which could then contribute to the generally
limited immunological response in glioblastomas
and other brain tumors. Later on, however, it be-
came clear that lymphatic vessels are present in the
intracranial meninges along the dural sinuses. These
lymphatics drain brain-derived soluble waste to
deep cervical lymph nodes, thereby directly con-
necting the brain with the peripheral immune sys-
tem. Recent studies also demonstrated the pres-
ence of meningeal lymphatics along the spinal cord
and even suggested that the cerebrospinal fluid
(CSF) is primarily drained via lymphatics, rather than
into the dural sinuses [23]. In a study published in
Nature, Song E et al (last authors Thomas JL and Iwa-
saki A) report that in mice orthotopically injected
with glioblastoma cells, prophylactic injection of the
lymphangiogenesis-promoting protein VEGFC in the
CSF resulted in enhanced priming of CD8 T cells in
the draining deep cervical lymph nodes, migration of
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such cells into the tumor, rapid clearance of the gli-
oblastoma and a long-lasting anti-tumor memory re-
sponse [8]. Transfection of a VEGFC-expression
mMRNA construct was found to work synergistically
with checkpoint blockade therapy to eradicate exist-
ing glioblastoma. Furthermore, Hu X, Deng Q, Ma L,
et al (last author Luo J) also published a study last
year on the role of meningeal lymphatic vessels in
mice with intracranial gliomas or metastatic mela-
nomas [9]. Disruption of dorsal meningeal lymphat-
ics alone impaired the dissemination of tumor cells
and dendritic cells from the brain tumors to deep
cervical lymph nodes, while such trafficking of den-
dritic cells was found to be increased in mice with
enhanced dorsal meningeal lymphangiogenesis.
Also, disruption of dorsal meningeal lymphatics
alone (without affecting basal or nasal meningeal
lymphatics) significantly reduced the efficacy of
combined anti-PD-1/CTLA-4 checkpoint therapy in
striatal tumor models, while tumors overexpressing
VEGFC displayed a better response to such combina-
tion therapy. These studies suggest that the immu-
nosurveillance-promoting capacity of VEGFC may be
exploited to increase the efficacy of immunothera-
peutic approaches for brain tumors.

Topic 7. Impact of tumor microenviron-
ment on preclinical glioblastoma mod-
els [10]

A wide variety of preclinical models for human
glioblastomas serve as an important tool for study-
ing these brain tumors. However, no model is per-
fect, and it is important to determine if/how differ-
ent models recapitulate different aspects of human
glioblastomas. To address this issue, Pine AR,
Cirigliano SM, et al (last author Fine HA) performed
a complete transcriptomic characterization of tumor
cells from 5 patients across four patient-specific gli-
oblastoma—derived model types: 1) glioma spheres
(GSs), 2) tumor organoids (TOs), 3) glioblastoma cer-
ebral organoids (GLICOs), and 4) patient-derived
xenografts (PDXs). They found that GLICOs and PDXs
more closely recapitulated the invasive growth of
human glioblastomas. Also, the results obtained
with bulk and single cell RNA sequencing analysis of
these models more closely resembled the human tu-
mors. Compared to the other models, GLICOs were
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enriched for a neural progenitor-like cell subpopula-
tion, showed lower percentages of mesenchymal
cells, showed retention of neural and oligodendro-
cyte progenitor cell populations and recapitulated
the cellular states and their plasticity found in the
corresponding human tumors best. Although GLI-
COs thus had a profile most similar to that of the pa-
rental glioblastomas, the similarity between GLICOs
and the original glioblastomas was reduced when
GLICO cells were replated in two-dimensional cul-
ture conditions. This work underscores the critical
impact of the microenvironment in glioblastoma
models on the degree to which cellular states, as
found in human glioblastomas, are recapitulated.
Thereby, this study serves as a kind of reality check
for those who exploit such preclinical models for
elucidation of the pathobiology of and identification
of therapeutic approaches for glioblastomas in clini-
cal practice.

Topic 8. Newly discovered medullo-
blastoma predisposition syndromes
[11, 12]

Medulloblastomas are by far the most frequent
of the embryonal CNS tumors, most commonly pre-
sent in childhood and display considerable biological
heterogeneity, with distinct molecularly defined
groups listed in the WHO classification. A recent re-
view reports that pathogenic germline variantsin es-
tablished cancer predisposition genes can be identi-
fied in about 5% of patients with medulloblastoma
[24]. This includes syndromes with a germline defect
in SUFU or PTCH1 (nevoid basal cell carcinoma syn-
drome/Gorlin syndrome), TP53 (Li—-Fraumeni syn-
drome), APC (familial adenomatous polyposis),
CREBBP (Rubinstein—Taybi syndrome), NBS1 (Nijme-
gen breakage syndrome), PALB2, and BRCA2. In
2020, two additional germline mutations were re-
ported that predispose to pediatric medulloblas-
toma. Waszak SM, Robinson GW, et al (last authors
Korbel JO, Northcott PA and Pfister SM) published a
study in Nature of 1022 patients with medulloblas-
toma from whom blood samples and tumor samples
were analyzed for germline mutations in 110 cancer
predisposition genes [11]. They identified rare
germline loss-of-function variants across the Elonga-
tor Complex Protein 1 (ELP1) gene in 14% of pediat-
ric patients with the Sonic Hedgehog medulloblas-
toma subgroup (MBsuy). ELP1 was the most common
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medulloblastoma predisposition gene and increased
the prevalence of genetic predisposition to 40%
among pediatric patients in this MBsyy subgroup.
Parent-offspring and pedigree analyses identified
two families with a history of pediatric medulloblas-
toma. Most ELP1-associated medulloblastomas also
exhibited somatic alterations in PTCH1. Tumors
from patients with ELPI-associated MBsyn were
characterized by universal biallelic inactivation of
ELP1 owing to somatic loss of chromosome arm 9q.
The tumor cells were found to show changes con-
sistent with loss of protein homeostasis due to Elon-
gator deficiency. The authors conclude that such a
genetic predisposition to proteome instability may
be a determinant in the pathogenesis of other (pe-
diatric) cancers as well and may provide new targets
for therapeutic interference. In another study, Be-
gemann M, Waszak SM, et al (last authors Pfister
SM, Kontny U, Kurth I, and published in the Journal
of Clinical Oncology) investigated families with child-
hood medulloblastoma to identify predisposing
germline mutations [12]. Initial findings were ex-
tended to genomes and epigenomes of 1,044 me-
dulloblastoma cases. The authors identified in six
patients with infant-onset medulloblastoma a heter-
ozygous germline mutation in the G protein-coupled
receptor 161 (GPR161) gene, which is located on
chromosome 1g. GPR161 mutations were exclu-
sively associated with the MBgsuyy subgroup and ac-
counted for 5% of infant cases in these cohorts. Mo-
lecular profiling revealed loss of heterozygosity
(LOH) at GPR161 in all affected MBsuy tumors with-
out additional somatic driver events. Additionally,
analysis of 226 MBsyn tumors revealed somatic
copy-neutral LOH of chromosome 1q as a character-
istic hallmark and the primary mechanism for bial-
lelic inactivation of GPR161 in the affected MBsun tu-
mors. Obviously, the diagnosis of an underlying pre-
disposition syndrome as reported in these papers is
important because of its implications for the man-
agement of the patients and their families.

Topic 9. Liquid biopsy diagnosis of CNS
tumors [13]

Circulating tumor DNA (ctDNA) in blood is con-
sidered to be an easily accessible source of diagnos-
tic, prognostic and/or predictive information that
may be very helpful for improving the management

Pieter Wesseling
page 8 of 12

of cancer patients. So far, however, for patients with
primary brain tumors, the use of CSF appeared to be
a more promising biosource because of the limited
abundance of ctDNA in blood of these patients. At
the same time, approaches that go beyond DNA se-
qguence information, such as analysis of epigenetic
signatures in ctDNA, can help to boost the use of
blood for liquid biopsy diagnostics [25]. In the study
published in Nature Medicine, Nassiri F,
Chakravarthy A, Feng S, et al (last authors Zadeh G
and De Carvalho DD) used cell-free methylated DNA
immunoprecipitation and high-throughput sequenc-
ing (cfMeDIP-seq) to recover and profile methylated
DNA fragments from plasma [13]. Plasma samples of
patients with diffuse (IDH-wildtype and IDH-mutant)
gliomas, of patients with other intracranial and ex-
tracranial tumors, and of healthy controls were
used. These samples were split into training and test
sets, and random forest classifiers were trained us-
ing the top 300 differentially methylated regions for
the different tumor classes. Indeed, the classifier
was able to accurately distinguish different tumors
based on the differences in DNA methylation pro-
files. The potential of such a methylome-based lig-
uid biopsy approach has also already been reported
for non-CNS tumors and can be applied to other bi-
osources (e.g. urine) as well [26, 27], underscoring
the potential of analysis of methylated plasma
ctDNA to facilitate blood-based diagnosis and moni-
toring of patients with cancer.

Topic 10. The glioblastoma microbi-
ome [14]

Tumor formation involves the co-evolution of
neoplastic cells together with extracellular matrix,
tumor vasculature and immune cells. Evaluating tu-
mors as complete ‘organs’, and not simply as masses
of transformed tumor cells, is of paramount im-
portance because heterologous cell types within tu-
mors can actively influence therapeutic response
[28]. Bacteria were first detected in human tumors
more than 100 years ago, raising the possibility that
the tumor microbiome may be an additional player
in the complex tumor ecosystem. However, the ex-
istence of the tumor microbiome remained an issue
of debate because of the suspicion of sample con-
tamination. In their study published in Science,
Nejman D, Livyatan |, Fuks G, et al (last authors
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Shental N, Straussman R) characterized the microbi-
ome of 1010 tumor samples from seven human can-
cer types (breast, lung, ovary, pancreas, melanoma,
bone, and brain/glioblastoma) as well as of 516 nor-
mal samples (including normal tissue adjacent to the
tumor from the same patients) [14]. The authors
took multiple measures to minimize and control for
contamination. They used PCR sequencing tech-
niques to gain species-level resolution as well as
multiple visualization methods and ‘culturomics’ for
identification of bacteria. The authors report the
presence of bacteria in each tumor type, including in
tumors that have no direct connection with the ex-
ternal environment such as glioblastomas. The de-
tection rate ranged from 14.3% in melanomas to
>60% in breast, pancreatic, and bone tumors. Breast
tumors had a richer and more diverse microbiome
than all other tumor types tested, and live bacteria
could be cultured from these tumors. The bacteria
were found to be predominantly localized intracel-
lularly in both cancer cells and immune cells, with
different tumor types showing a distinct microbi-
ome composition. The authors also noted correla-
tions between intratumor bacteria and the smoking
status and/or the response to immunotherapy of
the patients. Obviously, these findings immediately
raise additional questions, for example: What (if
any) is the role of intratumoral bacteria in the devel-
opment of cancer? And how does the tumor micro-
biome affect the immune tumor microenvironment
and the response to immune therapy? The answers
to such questions are crucial for further elucidation
of the existence and the importance of the tumor
microbiome in cancer [29].

Discussion

Hopefully, this review indeed provides concise,
easily digestible information on the topics selected
by the author as the top 10 discoveries in the year
2020. Of course, during the selection process, quite
a few papers were noted that didn’t make it to the
top 10 list but that are certainly of great interest as
well. For example, it is reassuring to learn that the
use of molecular markers for the diagnosis of glio-
blastoma, IDH-wildtype as suggested by cIMPACT-
NOW update 3 was corroborated in an independent
study [30, 31], but it is also good to know that some
caution may be warranted for histologically low-
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grade IDH-wildtype diffuse astrocytic tumors with
an isolated TERT promoter mutation [32]. Further-
more, some new tumor types were recognized that
will make it to the new WHO classification of CNS tu-
mors (especially diffuse glioneuronal tumor with ol-
igodendroglioma-like features and nuclear clusters
(DGONC) and desmoplastic myxoid tumor of the pin-
eal region, SMARCB1-mutant [33, 34]), and new in-
sights were obtained in areas such as the oncogene-
sis of H3.3G34-mutant gliomas [35], posterior fossa
group A (PFA) ependymomas [36], subependymal gi-
ant cell astrocytomas [37], and in the methylation
characteristics of germline-driven replication repair-
deficient high-grade gliomas (‘unique hypomethyla-
tion patterns’) [38]. Very interesting new infor-
mation was published on how glioblastomas inter-
act with neurons [39], and a roadmap was presented
for shaping the emerging field of Cancer Neurosci-
ence [40]. In depth (epi)genetic analysis of single
(brain tumor) cells is ‘hot’ nowadays and indeed pro-
vides an enormous amount of new information. A
novel tool for exploiting single-cell RNA sequencing
data, the single-cell Tumor-Host Interaction tool
(scTHI), was published in a journal with the impres-
sive name Gigascience [41].

Although not included in the top 10 list in this re-
view, much has been discovered in 2020 about and
because of the COVID-19 pandemic, with some con-
sequences for neurooncology as well. Because of
the very infectious and often serious character of
the disease, governments had to take drastic actions
such as enforcing the wearing of face masks, in-
stalling social distancing measures and limiting the
free movement of citizens. Combined with the find-
ing that cancer patients have an increased risk of dy-
ing because of COVID-19 infection, this has caused
increased stress and anxiety amongst brain tumor
patients and their caregivers [42, 43]. Neuroonco-
logic care needed to be delivered in an adapted
form, minimizing exposures for patients and ad-
dressing risks and benefits of all therapeutic inter-
ventions, while at the same time ensuring the health
of the multi-disciplinary neurooncology workforce
as much as possible [44]. Interestingly, it appeared
that some diagnostic (neuro)pathology services can
be reliably provided while working from home when
using platforms for whole slide images (WSls). Of
course, some activities (e.g. tissue sampling, pro-
cessing, cutting, staining, molecular analyses) still
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need to be done in the institutes [45-47]. As an
emergency response to the pandemic, the UK Royal
College of Pathologists provided guidance for re-
mote reporting of digital pathology slides and the US
Food and Drug Administration (FDA) granted a
waiver for the use of readily available consumer
monitors at home [48, 49]. Furthermore, the COVID-
19 pandemic has boosted the exploitation of pre-
sent-day technology for teaching of medical stu-
dents and pathology residents (e.g. using digital lec-
tures, videoconferencing, and online resources uti-
lizing collections of WSIs) [50, 51] and has drastically
changed the way scientific communities interact
now that meetings cannot be organized in their tra-
ditional format. However, the ‘human touch’ is eas-
ily missed in such virtual encounters. Finding the
right balance between attending web-based meet-
ings, getting (the rest of) our daily job done from
home, and maintaining a healthy personal life can
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be challenging [52]. Also, it remains to be seen what
the long-term impact of the pandemic is on cancer
research [53].

Last but not least, ignorance of one’s own igno-
rance is worrisome, especially so because not infre-
guently it is combined with overconfidence, a phe-
nomenon called the Dunning-Kruger effect [54]. Im-
proving skills and metacognitive competence helps
one to move on from conscious incompetence to a
phase of conscious competence that is more in bal-
ance with the level of confidence (Figure 3). Alt-
hough a review like this only allows for ‘scratching
the surface’ of the selected discoveries, it hopefully
does help one to move further away from uncon-
scious incompetence, especially so if the review in-
deed works as an incentive to read and appreciate
the original papers that were used as building blocks
for the present manuscript.

Unconscious
competence?

‘Slope of

Enlightenment’
Conscious
competence
‘Valley of
Despair’
Conscious
incompetence
COMPETENCE

Fig. 3. The Dunning-Kruger effect: A remarkable relationship between competence and confidence. In 1999, David Dunning and Justin
Kruger described the phenomenon that people tend to initially hold overly favorable views of their abilities in many social and intellectual
domains [54]. Indeed, people not infrequently share strong opinions on particular topics without being hindered by their lack of compe-
tence (in other words, they’re on top of ‘Mount Stupid’ without knowing it). Improving skills and metacognitive competence helps to
move on via the ‘Valley of Despair’ (conscious incompetence: knowing that you only have very limited knowledge and/or understanding
of a particular topic) to the ‘Slope of Enlightenment’, where competence and confidence are more in balance. Acknowledging that com-
petence is often a matter of continuing education and professional development, | doubt if the ultimate goal in medicine is really to strive
for the level of unconscious competence (hence the question mark behind that term). Meanwhile, this review hopefully helps to climb
the ‘Slope of Enlightenment’ somewhat further.
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