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Successful treatment of a BRAF V600E-mutant extracranial metastatic anaplastic
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ABSTRACT
Background: Extracranial metastasis is a rare phenomenon of anaplastic oligoastrocytoma. When
patients progress after comprehensive treatment, there is often no effective treatment. Rapid develop-
ment of gene detection technology makes precision treatment of glioma possible.
Patient and methods: A 22-year-old girl was firstly diagnosed with anaplastic oligoastrocytoma WHO
grade III-IV in 2014, and progressed rapidly after chemoradiotherapy in multiple extraneural lesions in
2016. She was expected to have a short life and Next-Generation Sequencing (NGS) was applied.
Results: Mutation of BRAF (V600E) was reported by 1st NGS and oral vemurafenib stabilized her disease
for 6 months. PIK3CA was reported by 2nd NGS after her progression of vemurafenib. The oral
administration of everolimus together with vemurafenib stabilized her disease for another 6 months.
However, the patient died due to the rapid progression of the disease on 24 February 2018.
Conclusion: We successfully treated a BRAF V600E-mutated anaplastic oligoastrocytoma with multiple
extraneural metastases with vemurafenib and everolimus. For late-staged patients who have no clear
and effective treatment plan, NGS may serve as an effective option.
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1. Introduction

Oligoastrocytoma is a “mixed glioma” that contains both
abnormal astrocytoma and oligodendroglioma cells. Primary
oligoastrocytomas account for 1% of all brain tumors and
5–10% of gliomas. Extracranial metastasis is a rare phenom-
enon of anaplastic oligoastrocytoma. The highest frequency of
central nervous system tumors harboring BRAF V600E muta-
tion is found in pediatric patients.1 BRAF mutations have not
been reported in anaplastic oligoastrocytoma samples.
Vemurafenib, the BRAF V600E inhibitor, has been approved
by FDA for use in melanoma. It was also reported that a 51-
year-old man with BRAF V600E–mutated anaplastic thyroid
cancer showed a dramatic response to vemurafenib.2 On the
other hand, some mutations of PIK3CA could activate PI3K
signaling in the majority of glioblastoma patients.3The down-
stream effectors of PI3K including mTOR and AKT, play key
roles in cell survival. mTOR inhibitors such as everolimus
have shown excellent effect for tuberous sclerosis complex
(TSC) patients with sub-ependymal giant cell astrocytomas.4

We present a case of a patient who was firstly diagnosed with
anaplastic oligoastrocytoma WHO grade III-IV at the age of
22 in 2014, and rapid progression after chemoradiotherapy in
multiple extraneural lesions was validated in 2016.
Extracranial metastasis of anaplastic oligoastrocytoma is rare
and these patients were reported with poor prognosis and
short survival. She was expected to have a very short survival
time, but she managed to live for more than one year with a

good quality of life with Next-Generation Sequencing (NGS)
and matched targeted therapy applied. Mutations of BRAF
(V600E) and PIK3CA were reported by NGS. The patient
benefited from the matched therapy vemurafenib and ever-
olimus and got a long period of tumor control.

2. Case report

A 22-year-old Chinese girl developed headaches and dizziness
at age of 20 (2012). An MRI scan performed at that time
revealed a mass in the left temporal lobe. The patient under-
went a tumor resection in April 2014, which revealed histo-
logical evidence of a WHO grade III-IV anaplastic
oligoastrocytoma (AO). The patient underwent adjvuant
radiotherapy concurrent with temozolomide, completed in
Jun 2014. The dose delivered to the tumor bed was 60Gy in
30 fractions. She then received 23 cycles of adjuvant che-
motherapy with temozolomide, repeated every 28 days,
ended in March 2016 (Figure 1).

The patient accidentally got a hacking cough in March
2016. On 4 December 2016, a CT scan demonstrated a mass
in the middle lobe of the right lung, multiple lymph node
metastasis at right pulmonary hilar and mediastinal followed
by lymphatic invasion in upper middle lobe of right lung. The
biopsy was undertaken through bronchofiberscope. The con-
firmed diagnosis of lung metastasis from AO was based on
immunohistochemical staining. The irradiation therapy alone
was given to pulmonary lesions with total planning dose of
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60Gy started in April 2016. The radiotherapy was terminated
at final dose of 46Gy, because her CT scan of the chest,
obtained on 25 May 2016, showed the lesions in lung and
mediastinal lymph node progression than before, with right
pleural effusion. On 3 Jun 2016, the hydrothorax exfoliative
cytologic examination found a large number of lymphocytes,
a few mesothelial cells and some atypical cell with red dry of
cytoplasmic membranes, which was considered to be AO
metastasis.

Then, she received 3 cycles of chemotherapy with CPT-11
combined with bevacizumab every two weeks from 7 Jun
2016. The imaging evaluation after chemotherapy demon-
strated progressive disease in both lung and right parietal
lobe. The patient developed progressive symptom of respira-
tory distress. She couldn’t suffer chemo- or radio-therapy, and
best supportive care (BSC) was given.

Four months later, the patient developed the symptom of
high fever and respiratory distress, and right supraclavicular
lymph nodes enlarged. A staging fluorodeoxyglucose positron
emission tomography (FDG PET) scan noted abnormal
uptake within several right hilar lymph nodes (SUV 6.4 and
5.1), right supraclavicular lymph nodes(SUV 11.5), right lung
(SUV 5.0)and left ilium(SUV 5.0). Additionally a biopsy of
right supraclavicular lymph nodes was taken on 5 December
2016. The confirmed diagnosis of AO metastasis to right
supraclavicular lymph nodes was based on immunohisto-
chemical staining, GFAP(+), Olig-2(partial+), Vimentin(+),
Ki-67(index 5%), CD31(vessel +), syn(-), NeuN(-), S100(+),
P53(+++), CK(+), NF(several +), IDH1(-). Meanwhile, the
molecular characteristics of the original tumor detected by
NGS method demonstrated the presence of TERT (C228T),
BRAF-p.Val600Glu, BLM-p.Asp684Gly, IGF2R-pIle889Thr,
MET-p.Val969Ala and PTCH1-p.Gln466X mutations, without
IDH1/2 mutation, MGMT methylation, 1p19q deletion,
ATRX loss, and TP53 mutation. Her treatment with vemur-
afenib 960 mg orally twice per day started from January 2017.
The patient recovered from fever one month later. A pulmon-
ary CT scan showed a partial reduction of pulmonary lesion;
arthralgias, keratosis pilaris or other adverse reactions did not
occur. But four months later, the patient felt difficult to
breathe gradually. A pulmonary CT scan on June 19th

revealed an increase in the size of the lesion, suggesting the
progression of disease. Then the ctDNA detection showed the
existence of ALK-p.Leu600Pro, BRAF-p.Val600Glu, HRAS-p.
Glu143Lys and PIK3CA-pLys776Glu mutations. Therefore,
she took everolimus 5mg once a day along with vemurafenib
960 mg twice per day from 7/12/2017. Two weeks after initia-
tion of therapy, CT examination on 27 July 2017 suggested
that lung lesions shrank again. The patient continued to take
combination of everolimus and vemurafenib for 6 more
months with stable control of disease.

The patient re-caught cough and respiratory distress in
January 2018, and was diagnosed with rapid progress in
lung and brain lesions, considering drug resistance in targeted
therapy. Vemurafenib and everolimus were stopped due to
swallow obstruction and BSC was given.

The third genetic test of ctDNA by NGS in January 2018
demonstrated amplification of ERBB2 and new mutations
NOTCH1-p.Val1676lle, APC-p.Asn81Lys, CSF1R-p.
Gln915Lys, LRP1B-p.Val4107Ala, PTPRT-p.Asp882Gly and
SMARCB1-p.Arg201Gln. Mutations BRAF-p.Val600Glu and
PIK3CA-pLys776Glu still existed with similar mutation rates.
So the patient was treated with trastuzumab weekly since
February 2018. However, trastuzumab failed to work this
time and she died on 24 February 2018 due to the rapid
progress of the disease.

3. Discussion

To our knowledge, this is the first report of combination use
of vemurafenib and everolimus in the treatment of a BRAF
V600E-mutated anaplastic oligoastrocytoma with multiple
extraneural metastases. The BRAF V600E-specific inhibitors
vemurafenib and dabrafenib have been approved by FDA for
use in melanoma.5–7 It was reported that a complete response
in a BRAF V600E-mutated glioblastoma to vemurafenib ther-
apy was observed after 4 months of therapy and this effect
sustained through 6 months.8 A case report also demonstrated
a brainstem ganglioglioma patient with the BRAF V600E
mutation was successfully treated with vemurafenib and vin-
blastine after experiencing treatment failure with conventional
therapy.9 Similarly, a recent case report described an excellent

Figure 1. Time chart of treatment. Chemoradiotherapy was not effective in the patient after recurrence. However, NGS alleviated the patient’s disease twice and
extended the patient’s survival by almost one year. The red triangles represented the progression of disease, while green triangles represented disease remission.
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radiographic response of a progressive BRAF V600E-mutated
anaplastic pleomorphic xanthoastrocytoma (PXA) treated
with vemurafenib.10

The genotype of our patient was IDH wild-type, 1p/19q
non-deleted, ATRX intact and TP53 intact. Thus, according to
the 2016 World Health Organization Classification of Tumors
of the Central Nervous System,11 the diagnosis of this patient
should be anaplastic oligoastrocytoma, NOS, WHO III-IV.
She developed rare multiple extraneural metastases despite
surgery, radiation and treatment with 23 cycles of temozolo-
mide. Then, she was treated with cisplatin, irinotecan in
combination with bevacizumab, but disease progressed
rapidly. Review of the molecular characteristics of the biopsy
tissue of right supraclavicular lymph nodes on Dec 5 2016
demonstrated the presence of a BRAF V600E mutation. She
was therefore treated with vemurafenib since January 2017
and the symptom of panting was relieved one month after the
therapy started.

A CT scan obtained 4 weeks after the initiation of therapy
revealed shrinkage of lung metastases. However, the lesions in
pulmonary was progressive again three months after starting
therapy while the mass in brain was obviously shrunk. The
tumor heterogeneity of different metastatic lesions may be the
main cause of this phenomenon. Because there was not suffi-
cient tissue left for NGS test and the patient refused to have
another biopsy, peripheral ctDNA was tested in June 2017.
The mutation of BRAF V600E still existed and a few new
genetic mutations appeared, including the mutation of
PIK3CA-pLys776Glu. The mutation of PIK3CA could lead
to activation of PI3K-AKT-mTOR signalling pathway, which
is associated with poor prognosis in glioblastoma.12

Everolimus, a mTOR inhibitor, has been studied in multi-
ple trials.13–16 A phase I study of temozolomide and ever-
olimus in combination with radiation therapy in newly
diagnosed glioblastoma showed acceptable tolerance, and
imaging with FDG-PET showed decreased tumor metabolic
activity in a subset of patients.13 Given the patient’s decline, in
July 2017, she started with everolimus 5mg once a day along
with vemurafenib 960 mg twice per day. Fortunately, the
symptom of panting alleviated and the lung lesions shrank
again and she got stable control of disease for the next
6 months (Figure 2). The patient began to develop dyspnea
and persistent cough due to the enlargement of the mass in
her neck and pulmonary hilar in January 2018. A third-time
NGS indicated trastuzumab as a potentially effective drug.
However, trastuzumab failed to work after 2 cycle infusion
and she died in February 2018 due to the rapid progression of
the lesions.

We also performed further molecular analysis of the biopsy
tissue from lung metastasis. Vemurafenib is a RAF kinase inhi-
bitor and the braf protein is upstream of the MAPK/ERK
pathway.17The phosphorylation of ERK1/2 was detected with a
low expression level. This suggests that vemurafenib might work
through ERK1/2 phosphorylation. Everolimus is an mTOR
kinase inhibitor, while p-ULK1 (S757) and p-AKT (S473) are
substrates for mTORC1 andmTORC2, respectively.18 The phos-
phorylation level of p-ULK1 (S757) was stronger, while the
phosphorylation level of p-AKT (S473) was lower (Figure 3A).
The above suggests that everolimus might work through the

p-ULK1(S757) pathway rather than the p-AKT (S473) pathway.
We also performed immunohistochemical analysis of the
expression of PDL1, and the results showed that PDL-1 was
not significantly expressed in this patient. This suggests that
the patient may not benefit from immunotherapy (Figure 3B).

In summary, we successfully treated a BRAF V600E-
mutated anaplastic oligoastrocytoma with multiple extra-
neural metastases with vemurafenib and everolimus. The
Cancer Genome Atlas (TCGA) has unveiled the complexity
of tumor heterogeneity and provides new insights into the
precision treatment targeted to the mutated genes.19–22

Figure 2. Imaging changes of targeted therapy. The patient developed exten-
sively after radiotherapy and chemotherapy and performed a PET-CT examina-
tion (A) on 16 November 2016. Vemurafenib was indicated as a potential benefit
drug after NGS. CT scans 2 (B) and 4 (C) months later confirmed its effectiveness.
However, CT examination on 19 Jun 2017 (D) found extensive progress in the
lung and a second NGS was carried out. Everolimus might be another beneficial
drug and the patient took everolimus along with vemurafenib. CT examination
on 27 July 2017 (E) suggested lung lesions shrank again.

Figure 3. Molecular analysis of the biopsy tissue from lung metastasis. (A) The
phosphorylation of ERK1/2 and AKT（S473）was weak in the metastatic tissue，
and the phosphorylation of ULK-1 S757 was relatively strong. (B) The PDL-1
expression was negative in the biopsy tissue of lung metastases (IHC 10 × 10).
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Based on this rare case, it is suggested that for late-staged
patients who have no clear and effective treatment plan, precision
medicine or NGS may serve as an effective option. In considera-
tion of the complexity of tumor heterogeneity, genetic mutations
may change in the course of treatment, and therefore repeated
genomic tests might provide more promising therapeutic strate-
gies. Besides, evenwhenone targeted therapy is no longer effective,
itmaynot be completely replaced.Use of this once-workeddrug in
combination with another matched therapy may provide a more
effective option.
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