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Abstract A 52-yr-old man was found to have a 6.6-cm left frontotemporal mass. Biopsy re-
vealed a low-grade astrocytic neoplasm with significant infiltration and an unusual morpho-
logic appearance. Only rare mitotic figures were seen and the Ki-67 proliferative index was
very low. Unexpectedly, the low-grade astrocytoma showed rapid progression within a short
time, but subsequent resection showed similar histologic findings to the original biopsy with
only slightly more mitoses and a marginally increased Ki-67 proliferative index. Molecular
testing performed on the tumor showed no alterations in the IDH1, IDH2, EGFR, or BRAF
genes by sequencing, intact 1p/19q by FISH, and a novel BCR-NTRKZ fusion transcript
by reverse transcription and anchored multiplex PCR. The patient underwent standard-of-
care therapy, both first and second line, for a high-grade glioma because of the aggressive
behavior, but the glioma continued to progress despite treatment, and the patient died
within 13.5 mo of the original diagnosis. At the time of diagnosis, the BCR-NTRK2 fusion
transcript had not been described in solid tumors; however, a recent publication described
this fusion transcript in two glioblastomas. Although no approved therapy was available for
this patient, FDA approval has now been given for solid tumors with any NTRK gene family
fusions. This unexpected molecular finding in a deceptively low-grade-appearing glioma
supports the use of expanded molecular testing in gliomas and solid tumors, particularly
in instances where targeted therapies are available.

CASE PRESENTATION

A 52-yr-old male presented to the emergency department after a motor vehicle collision sec-
ondary to witnessed, new-onset seizure activity. Imaging (CT and MRI) revealed a 6.6-cm
intra-axial mass involving the left frontal and temporal lobes of the brain (Fig. 1A). The
mass was partially cystic, showed patchy postcontrast enhancement, and contained calcifica-
tions. Initial biopsy showed a low-grade astrocytoma (Fig. 1B) with some features reminiscent
of pilocytic astrocytoma (PA) including Rosenthal fibers and eosinophilic granular bodies.
However, the cytology and diffusely infiltrative nature of the tumor were not entirely consis-
tent with a PA. The cytology included unusual multinucleated cells with some mild pleomor-
phism (Fig. 1C). No features of anaplasia were identified; only rare mitotic figures were seen
and there was no evidence of necrosis or microvascular proliferation. The Ki-67 proliferative
index was <1%. Diffuse infiltration was confirmed with a neurofilamentimmunostain (Fig. 1D).
Immunohistochemical staining for p53 showed nuclear positivity in only rare tumor cells and
ATRX nuclear positivity was retained. Overall a final diagnosis of low-grade astrocytoma was
rendered. Ancillary testing identified the tumor tissue as negative for hotspot mutations in
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Figure 1. (A) Axial MR image postgadolinium administration showing a mass lesion in the left frontal
lobe with patchy postcontrast enhancement. (B,C) H&E-stained sections of the initial biopsy specimen show-
ing hypercellularity attributable to irregular and pleomorphic astrocytic-appearing tumor cells without appre-
ciable cytoplasm. Many of the tumor cells had an unusual multinucleated appearance resembling a
miniaturized version of “pennies on a plate.” Original magnifications: 200x and 400x. (D) Immunohistochem-
ical staining for neurofilament highlighting background axons and some neurons confirming the infiltrative na-
ture of the astrocytoma. Original magnification: 200x. (E) Screen-captured image taken from JBrowse
visualization software. The reference sequence is present at the top. The fusion point is identified by a vertical
purple line. The central stacked gray horizontal lines represent individual reads with variable lengths indicative
of unique start sites on the left. The flat shelves on the right represent the location where anchored primers for
NTRK2 begin. (F) Immunohistochemical staining for TrkB in the patient’s low-grade astrocytoma showing dif-
fuse 3+ positivity. Blood vessels serve as internal negative controls. Original magnification: 200x. (G) Immu-
nohistochemical staining for TrkB in a pilocytic astrocytoma with a KIAA1549-BRAF fusion and no alterations in
NTRK2 showing positivity as well, but ranging from 2 to 3+. Blood vessels also serve as internal negative con-
trols. Magnification: 200x. (Tissue for both cases were stained on the same slide and images were taken at the
same exposure and magnification.)
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IDH1, IDH2, EGFR, and BRAF via sequencing and negative for co-deletion of Chromosomes
1p and 19q via fluorescence in situ hybridization (FISH). A subpopulation of cells was noted to
show polysomy of 19p and 19q/in the range of three to five copies (in ~39% of nuclei counted).
Because of the mild resemblance to a pilocytic astrocytoma, tumor tissue was sent for BRAF
fusion testing via reverse transcription and anchored multiplex polymerase chain reaction
(AMP) that included multiple other anchored gene targets. Unexpectedly, a BCR-NTRK2
RNA fusion transcript was identified and no alterations were found in the BRAF gene.

A follow-up MRI performed 70 d after diagnosis showed a new focus of enhancement in
the left frontal lobe suspicious for disease progression. A partial resection was performed
showing nearly identical histologic features with the only exception being slightly increased
mitotic activity and higher Ki-67 proliferative index (~2%) compared to the original biopsy.
The second specimen maintained low-grade histology overall, not meeting criteria for ana-
plasia, and the diagnosis remained the same. Because of rapid progression of this otherwise
low-grade-appearing glioma, the patient subsequently underwent standard of care therapy
for a high-grade glioma. Adjuvant radiation therapy totaling 61.2 Gray, 34 fractions was de-
livered with concurrent temozolomide over a 1.5-mo period. Two additional cycles of temo-
zolomide at 320 mg daily days 1 through 5 per 28 d were administered after the initial
chemo/radiation treatment period. An additional follow-up MRI after therapy showed con-
tinued disease progression in the form of increased nodular enhancement in the left frontal
lobe adjacent to the resection bed. This prompted a therapy shift to lomustine at 110 mg/m?
and bevacizumab at 10 mg/kg. Two weeks after changing therapy the patient presented with
right-sided paralysis. Two weeks later therapy was discontinued and he was discharged to
home hospice. He died 13.5 mo after initial diagnosis without definitive benefit from stan-
dard-of-care first-line or second-line therapy.

TECHNICAL ANALYSIS AND METHODS

All testing described was performed in a CLIA-certified laboratory. The report is exempted
from consent protocols by federal and local regulations governing human subject research
asitis performed on a deceased subject. The technical protocols were clinically validated ex-
cept for TrkB immunohistochemistry, which was developed as a research protocol and details
are described below. Formalin-fixed, paraffin-embedded (FFPE) tumor tissue from the first di-
agnostic procedure containing ~80% tumor tissue was subjected to total nucleic acid extrac-
tion using an internally modified protocol performed with the RNeasy kit (QIAGEN 73504).
Tumor percentage was estimated microscopically by a molecular pathologist. The modifica-
tion of the RNeasy kit protocol involves skipping the addition of DNase and the subsequent
incubation. This results in intact DNA and RNA in the final elution. Anchored multiplex PCR
was performed by an internally validated protocol using the FusionPlex CTL kit (Archer
ABO0007) RNA-targeted component for fusion, splicing, or exon-skipping variant detection
from 19 genes including NTRK1, NTRK2, NTRK3, and BRAF. The procedure involves reverse
transcription using random primers and amplification-based library preparation using de-
signed targeted primers for one side and a universal adapter primer for the other.
Massively parallel sequencing was performed using the MiSeq platform 300 cycle kit
(Ilumina, part number: MS-102-2002). Primary data processing to demultiplexed FASTQ files
is performed on the instrument. The remaining processing from the FASTQ through annota-
tion was performed using the RNA Fusion and Mutation Archer Analysis Pipeline version 5.0
(Archer). Alignment was performed with reference hg19/GCRh37. The software uses a com-
bination of Bowtie2 and BWA-MEM for alignment. Variant callers including Vision (Archer),
FreeBayes, and LoFreq are used to make variant calls. Other in silico interpretive tools
used by the pipeline include Ensembl’s variant effect predictor (VEP), PolyPhen, SIFT,
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ClinVar, dbSNP, COSMIC, 1000 Genomes, and ExAc. The BCR-NTRK2 fusion was orthogo-
nally confirmed using RT-PCR performed with the iScript cDNA synthesis kit (BioRad
1708890) that uses oligo(dT) and random hexamers for priming. PCR was performed with
AmpliTaq Gold 360 Master Mix (Thermo-Fisher 4398881) and subjected to 2% agarose gel
electrophoresis to observe the amplification product. This was followed by dye terminator se-
quencing using Big Dye Terminator Mix v3.1 (Thermo-Fisher 4337455). A 3130x| genetic
analyzer is used for capillary electrophoresis. Interpretation is performed manually compar-
ing electropherograms produced by Sequence Analysis Software version 6.0 (Thermo-
Fisher) to the sequence output from the AMP assay. PCR and cycle sequencing were both
performed with a BCR forward primer, caacagtccttcgacagcag and an NTRK2 reverse primer
cagtgacgtctgtggaagg with an expected PCR product of 236 bp.

Select glioma-related genes were interrogated using the total nucleic acid extraction de-
scribed above as starting material for massively parallel sequencing for IDH1, IDH2, EGFR, and
BRAFhotspots/selected regions. Sequencing was performed using an in-house custom panel
designed with AmpliSeq (Thermo-Fisher) amplicon-based library preparation and sequenced
on the lon S5XL (Thermo-Fisher). Data analysis was performed using the Torrent Suite version
5.2 with output of FASTQ, VCF, and BAM files. Furtheranalysis was performed using a custom,
in-house variantinterpretation pipeline called the VIApipeline version 05.2017.12, which uses
masking, filtering, and variant interpretation tools including Ensembl’s VEP, PolyPhen, SIFT,
ClinVar, dbSNP, COSMIC, and 1000 Genomes. No pathologic variants were detected in
IDH1, IDH2, EGFR, or BRAF. Mean read depth for the sample was 1361 and overlying the
ho-spot regions for IDH1, IDH2, BRAF, and EGFR ranged from 521 to 5107 reads.

FISH studies were performed on nuclei from FFPE tumor sections from the same block
using the DNA probes LSI 1p/1q [1p36/1925] and LSI 19p/19q [19p13/19913]. No deletion
was detected. There were increased copies of 19p and 199 probes in the range of 3 to 5 per
nucleus in 39% of cells counted, nuc ish(LSI1p,LSI1g)x2[100],(LSI19p,LSI19g)x3~5[39/100].

For TrkB immunohistochemistry, tissue sections were cut from FFPE blocks from the orig-
inal biopsy specimen and, for comparison, from two additional pilocytic astrocytomas with
known KIAA1549-BRAF fusions and no alterations in NTRK2. Four-micron-thick sections
on positively charged slides were stained with a rabbit monoclonal antibody to TrkB
(80G2; 1:200) from Cell Signaling Technology. Slides were stained on an Autostainer Link
48 (Agilent Dako) after PT Link (Agilent Dako) heat-induced epitope retrieval in Target
Retrieval Solution (pH 9; Agilent Dako). The primary antibody and subsequent polymer-
based EnVision FLEX+ detection system (Agilent Dako) used were each incubated for
15 min. Neocortical brain parenchyma was used as a positive control.

VARIANT INTERPRETATION

An RNA fusion transcript (Chr 9:9.87359888::Chr 22:9.23524426) was detected that included
exon 1 of BCR(NM_004327.3) and exon 13 of NTRK2 (NM_001018064.1) and was predicted
to arise from a t(9;22)(g21;911) rearrangement (Table 1; Fig. 1E). This fusion product was

Table 1. Genomic findings

Gene/genomic HGVS Target
location Chr HGVS DNA ref protein ref Variant type Predicted effect Allele frequency coverage
BCR- NTRK2 9,22 t(9;22)(q21;911) (hg 19 n/a BCR-NTRKZ fusion Pathogenic, 41% of reads at this 4567 reads
Chr 9:9.87359888:: activating locus of NTRK2
Chr 22:9.23524426)

Jones et al. 2019 Cold Spring Harb Mol Case Stud 5: a003855 4 of7



b COLD SPRING HARBOR
Q

# Molecular Case Studies Unusual glioma with BCR-NTRK2 fusion

abundantly expressed with 1790 reads (41% of total reads at this locus) and 277 unique starts
sites. The fusion product included the sequence that codes for the amino-terminal oligomer-
ization portion of the BCR protein (codons 1-72 in exon 1). This is the region theorized to be
necessary for the productive product of the BCR-ABL oncogenic fusion. The fusion product
also contains the region that codes for the carboxy-terminal tyrosine kinase domain of the
NTRK2 protein (predominantly in exons 21-23) that has been reported as necessary for in-
creased activity in previously reported productive NTRK2 fusions (Zhao et al. 2002; Yeo
et al. 2004). At the time of the clinical diagnosis, the fusion was novel; however, it has subse-
quently been identified in two cases of glioblastoma (Gatalica et al. 2019). This newly identi-
fied fusion transcript has not been previously reported in solid organ tumors. Other fusions
containing the kinase domain of NTRK2 (e.g., NACC2-NTRK2 and QKI-NTRK2) have been re-
ported in solid tumors and pilocytic astrocytomas (Jones et al. 2013). The neurotrophic tropo-
myosin receptor kinase 2 (NTRK2) gene encodes for the TrkB receptor tyrosine kinase
expressed in neuronal tissue. Ligand binding results in activation of the Ras-ERK, PI3K, and
PLCy pathways leading to cellular differentiation and survival. NTRK2 gene rearrangements
in cancer have been identified as pathogenic, tipping the homeostatic scales toward prolifer-
ation and tumorigenesis. Tumors with NTRK gene rearrangements have been shown to over-
express Trk by immunohistochemistry (Hechtman et al. 2017; Murphy etal. 2017; Hung et al.
2018). At the time that this case was clinically active, no approved NTRK targeted therapies
were available; however, clinical trials were active including those for larotrectinib and entrec-
tinib, which was indicated in the clinical molecular diagnostics report (ClinicalTrials.gov iden-
tification numbers NCT02637687, NCT02568267, and NCT02097810).

The BCR-NTRK2 fusion product was predicted to be activating based on the prediction
of an in-frame product, the protein domains that were predicted to be retained, and by sim-
ilarity with other fusions involving the BCR and NTRK2 genes (Zhao et al. 2002; Yeo et al.
2004). This led us to investigate the protein expression of TrkB in this patient’s glioma.
We also stained control tissue in the form of normal brain parenchyma and two pilocytic as-
trocytomas that both harbored a KIAA1549-BRAF fusion and showed no alterations in
NTRK2 based on the same FusionPlex CTL kit. Immunohistochemical staining for TrkB in
this patient’s glioma showed diffuse 3+ positivity (Fig. 1F). However, normal brain and
both pilocytic astrocytomas all showed diffuse positivity, ranging from 2+ to 3+ (Fig. 1G).

These immunohistochemical results are not surprising given publicly available gene ex-
pression data in normal tissues and immunohistochemistry data in brain tissue and tumors.
Both the Human Protein Atlas and GTEx data set show the highest NTRK2 mRNA expression
in brain tissue. Muragaki and colleagues developed pan-Trkimmunohistochemistry and dem-
onstrated widespread protein expression in the developing and adult central and peripheral
nervous systems (Muragaki et al. 1995). Trk-isoform-specific antibodies have also been eval-
uated in gliomas. Wang and colleagues demonstrated TrkA, B, and C reactivity in 100% of 4
low-grade astrocytomas and 12 glioblastomas and in 0% of 15 oligodendrogliomas (Wang
etal. 1998). In this same study, weak staining was seen in normal astrocytes, strong staining
was seen in reactive astrocytes, and no staining was seen in oligodendroglia. Wadhwa and
colleagues detected TrkA and TrkB immunoreactivity in 100% of astrocytomas and glioblas-
tomas (n=5 for each), with stronger staining in lower-grade tumors (Wadhwa et al. 2003).
Unfortunately, given widespread Trk protein expression in the brain, Trk immunohistochem-
istry appears to have a limited role in the detection of NTRK-fusion positive gliomas.

SUMMARY

We described a case of a clinically aggressive glioma with deceptively low-grade morpho-
logic appearance. The malignancy showed progression at interval follow-up and did not
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show a response to conventional therapy including radiation and chemotherapy including
alkylating agents and a VEGF inhibitor. The case ended in death only 13.5 mo after diagno-
sis. A novel RNA BCR-NTRK2 fusion transcript was identified in the tumor tissue by reverse
transcription and anchored multiplex PCR that is favored to be activating and a driver muta-
tion. Itis currently unknown whether targeted therapy in the form of NTRK inhibition will be
effective in treating gliomas and other brain tumors, particularly given the high expression of
Trk proteins in normal brain. However, a promising report was recently published in which a
single patient harboring an EML4-NTRK3 fusion-positive glioblastoma was treated with lar-
otrectinib (a targeted small molecular inhibitor directed at NTRK1, NTRK2, and NTRK3) and
showed a partial response (Schram et al. 2017). Since the conclusion of this case, larotrectinib
was approved by the FDA for use in advanced solid tumors with fusions involving any of the
three NTRK genes. Gliomas are not specifically referenced in the limited available data re-
lated to the trial that led to FDA approval for larotrectinib. But an expanded access trial
and clinical trials including general primary brain neoplasms and gliomas specifically are
open at this time (ClinicalTrials.gov identification numbers NCT03025360, NCT02576431,
NCT02465060). The report of this case, variant, and deceptive morphology suggests utility
in expanded testing for potentially clinically actionable variants to include interrogation for
NTRK fusions. Because NTRK fusions are present in gliomas at a rate of ~1.4%, testing at the
time of diagnosis or primary treatment failure could be considered (Gatalica et al. 2019). The
presented patient was unable to benefit from targeted therapy; however, the approved
NTRK inhibitor may provide an option for future similar patients.
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