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Decades of research have greatly increased our understanding
of genetic alterations in cancer.1 Tumors of the CNS are no ex-
ception, and we now have fairly sophisticated understanding of
the major genetic alterations.2,3 Testing for certain genetic ab-
normalities, such as 1p/19q co-deletion, has been used in the
clinical setting for many years, whereas others, such as isoci-
trate dehydrogenase (IDH)1/2 mutations, have been in clinical
use for shorter periods of time.4 Recent advances in sequencing
technologies have led to a plethora of studies that have greatly
facilitated the understanding of genetic alterations in CNS neo-
plasms, further refining their classification.3,5 – 8 These advances
include the discovery of BRAF-KIAA1549 and BRAFV600E alter-
ations in the majority of pilocytic astrocytomas, IDH mutations
and 1p/19q co-deletions in oligodendrogliomas, IDH mutations
with TP53 and/or ATRX mutations in astrocytic diffuse gliomas,
TERT promoter mutations in meningiomas, and WNT and SHH
pathway alterations in medulloblastomas.8 – 11 Despite the pro-
gress made in recent years, translating these advances in se-
quencing technologies into meaningful clinical information for
patients with CNS malignancies remains challenging. One can
anticipate that we will continue to see further improvements
in tumor classification and better definition of prognostic
tumor subclasses(to help tailor clinical management) as clini-
cal molecular diagnostics continue to evolve in the field of
neuro-oncology.12

Molecular subclassification of brain tumors has identified
important subgroups of gliomas and medulloblastomas with
better prognoses (Fig. 1).3,5,10 The excellent prognosis of a sub-
group of patients with medulloblastoma has allowed neuro-on-
cologists to consider reduced-intensity treatment for specific,
molecularly defined medulloblastoma patients (NCT01878617).
BRAF inhibitors have been considered as treatment for ganglio-
glioma and pleomorphic xanthoastrocytoma carrying the
BRAFV600E mutation.13,14 There is no doubt that the benefits of mo-
lecular characterization of brain tumors are slowly making their
way into the clinical arena and influencing patient management.

The validation of a clinical test, tailored to detect genetic alter-
ations in CNS neoplasms, is an extremely important step prior
to its use in the clinic and its incorporation into defining person-
alized treatment strategies for patients with brain tumors.

The authors of the study by Nikiforova et al. have elegantly
designed and validated a customized, amplification-based, tar-
geted next-generation sequencing (NGS) assay for detecting a
wide range of genetic alterations in CNS neoplasms. The cus-
tomized multigene NGS panel targets hotspots in 30 genes of
known relevance for CNS tumors to detect mutations (ie, point
mutations and small insertion/deletions) as well as gene fu-
sions and copy number changes through a single assay. By
using stringent criteria of at least 50% tumor cells in the tissue
samples, the NGS assay was able to detect all of the known ge-
netic alterations present in the validation sample set (100% sen-
sitivity). Although it remains to be seen how well NGS assays will
perform when testing an array of clinical specimens with lower
tumor content, the current results are certainly encouraging. Im-
portantly, the authors showed reliable results for both frozen
and formalin-fixed, paraffin-embedded (FFPE) tissues. This is of
particular relevance in analysis of clinical samples since the
vast majority of specimens analyzed are FFPE tissue.

In the current era of rapidly evolving sequencing technology,
the financial and technical limitations of simultaneously testing
for multiple genes have been drastically reduced. However, in
the absence of updated patient management algorithms that
utilize the vast amounts of genomic data generated by NGS as-
says, the clinical utility of routine NGS testing for brain tumors
remains limited. Currently, mutations in IDH, TP53, ATRX, and
1p/19q co-deletion are sufficient for the accurate molecular
classification of diffuse gliomas. Testing for the BRAF-KIAA1549
fusion could serve as an adjuvant diagnostic marker for a pilo-
cytic astrocytoma with ambiguous histologic features,15 and
the presence of a BRAFV600E mutation in an optic pathway glio-
ma could open the possibility of using a targeted BRAF inhibitor
for an otherwise nonresectable tumor.
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Today we have an unprecedented ability to perform genetic
profiling of brain tumors in a fast, accurate, and cost-effective
manner, as demonstrated in the current article by Nikiforova
et al. The questions of when to test, which tumor to test, and
what alterations should be tested for have a set of complex and
rapidly evolving answers. For patients with brain tumors, clinical
testing for predictive markers is currently limited, and most of
the molecular testing relates to defining subgroups with prog-
nostic significance.5,8

Several ongoing studies including early phase clinical trials
using IDH inhibitors in gliomas, however, are currently under-
way and may help unmask the clinical significance of some
of these markers (clinicaltrials.gov). In addition, it is expected
that multigene NGS panels will soon be incorporated into clin-
ical trials to facilitate patient stratification into groups with
prognostic or predictive relevance based on the molecular char-
acteristics of the tumors. Nonetheless, more studies integrating
patient outcome data and clinical trials with targeted agents
are needed to advance the field. As the use of comprehensive
NGS analysis becomes an integral part of the personalized

clinical management of patients with CNS malignancies, we
should also familiarize ourselves with the strengths and weak-
nesses of NGS methodologies to successfully take advantage of
its full potential in everyday clinical practice.
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ATRT, atypical teratoid rhabdoid tumor; PXA, pleomorphic xanthoastrocytoma; SHH, sonic hedgehog pathway; WNT, wnt signaling pathway.
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