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/ABSTRACT

A

We describe a case of recurrent glioblastoma treated with
anlotinib in this report. The patient was administered
anlotinib 12 mg p.o. once every day (days 1-14, with a
21-day cycle) (anlotinib clinical study NCT04004975) and
oral temozolomide chemotherapy 100 mg/m? (days 1-7,
days 15-21, 28-day cycle; 12 cycles). After 2 months of
therapy, the patient achieved a partial response that has
been maintained for >17 months of follow-up. Molecular
characterization confirmed the presence of a TERT pro-
moter mutation, wild-type [IDH1/2, an FGFR3-TACC3
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fusion, and FGFR3 amplification in the patient. Anlotinib is
a multitarget tyrosine kinase inhibitor that was originally
designed to inhibit VEGFR2/3, FGFR1-4, PDGFRa/p, and c-
Kit. Patients with TERT promoter mutations and high-
grade IDH-wild-type glioma have shorter overall survival
than patients with IDH-wild-type glioma without TERT pro-
moter mutations. However, this patient had a favorable
clinic outcome, and FGFR3-TACC3 fusion may be a new
marker for treatment of glioma with anlotinib. The
Oncologist 2021;26:173-177

e This case study is believed to be the first report that FGFR3-TACC3 fusion could be a novel indication to treat recurrent

glioblastoma with the drug anlotinib.

e This case exhibited an exceptional response (maintained partial response >17 months) after 2-month combined ther-

apy of anlotinib and oral temozolomide chemotherapy.

e This case also underscores the importance of molecular diagnosis for clinically complex cases. Tumor tissue-based
assessment of molecular biomarkers in brain tumors has been successfully translated into clinical application.

INTRODUCTION

Glioblastoma (GBM) is the most common and fatal primary
brain tumor. Despite aggressive treatment, the median overall
survival (0S) is less than 15 months [1]. The preferred treat-
ment for GBM is surgery, and subsequent treatment is a com-
bination of radiotherapy and chemotherapy. For patients with
recurrent GBM, targeted therapies are limited [2—4]. Molecu-
lar markers of GBM are needed to improve personalized diag-
nosis and treatment and to better understand the biology of
the disease to facilitate the development of new therapies [1].
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Carcinogenic fusion because of chromosomal transloca-
tion is recognized as a molecular driver in gliomas [5]. A
fusion involving fibroblast growth factor receptors (FGFR1/
FGFR3) and TACC1/TACC3 occurs in approximately 3% of
patients with GBM. FGFR3-TACC3 fusion gliomas exhibit
FGFR3 expression [6]. Gliomas carrying the FGFR3-TACC3
fusion are also IDH1/2 wild type and almost always (~75%)
have TERT promoter mutations or CDKN2A loss [7]. IDH1/2-
wild-type gliomas with TERT promoter mutations are
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Figure 1. Image of pathological diagnosis. (A): Magnetic resonance imaging revealed space-occupying lesion in left thalamus and
left parietal lobe. (B): Hematoxylin and eosin stain (200x) shows that tumor cells are dense and unevenly distributed, with obvious
nuclear heterogeneity, and that small blood vessels proliferate in the tumor tissue. The immunohistochemical results showed that
GFAP and Olig-2 were expressed, IDH-1 was negative, and the Ki67 proliferation index was ~3%. The final diagnosis was anaplastic
astrocytoma, IDH wild type, World Health Organization grade lll.

Abbreviations: GFAP, glial fibrillary acidic protein; HE, hematoxylin and eosin.
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Figure 2. Structure of FGFR-TACC gene fusions identified by next-generation sequencing. The FGFR3-TACC3 fusion (COSF1353) was
a classic fusion in the Catalogue of Somatic Mutations in Cancer (COSMIC) and was confirmed by RNA sequencing.

Abbreviation: bp, base pairs.

associated with reduced OS compared with gliomas without
TERT mutations [8-10].

Anlotinib is a multitarget tyrosine kinase inhibitor that was
originally designed to inhibit VEGFR2/3, FGFR1-4, PDGFRo/,
c-Kit, and Ret. Anlotinib can inhibit not only tumor angiogene-
sis but also tumor cell growth. It has been used to treat
advanced lung cancer [11]. Anlotinib is approved by the
National Medical Products Administration for use in non-small
cell lung cancer. Preclinical results showed that anlotinib signif-
icantly inhibited FGFR1-4, especially FGFR2 [12].

PATIENT STORY
A 44-year-old woman was admitted to the hospital as a new
patient on October 1, 2017; she experienced three episodes
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of sudden grand mal epilepsy prior to being admitted to the
hospital. Magnetic resonance imaging (MRI) revealed space-
occupying lesion in the left thalamus and left parietal lobe
(Fig. 1). The patient underwent tumor resection in the left
parietal lobe under general anesthesia on October 10, 2017.
The immunohistochemical results showed that glial fibrillary
acidic protein, Olig-2, and p53 were expressed; epithelial
membrane antigen and IDH-1 were negative; and the Ki67
proliferation index was ~3% (Fig. 1). The final diagnosis was
anaplastic astrocytoma, IDH wild type, World Health Organiza-
tion (WHO) grade lIl. The patient was treated with intensity
modulated radiation therapy to a total dose of 60 Gy in
30 fractions, together with temozolomide (TMZ) chemother-
apy 75 mg/m? taken orally on November 29, 2017. Two adju-
vant TMZ cycles (200 mg/m? per day, every day, days 1-5,
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Figure 3. Timeline of treatment and radiographic responses. (A): Timeline of treatment. (B): Radiographic responses to anlotinib on
left thalamus: the image of the previous row at each time is an enhanced image of the lesion; the image of the lower row of each
time is the fluid attenuated inversion recovery (FLAIR) image of the lesion. FLAIR image mainly shows that the edema subsided
after antivascular treatment. (C): Radiographic responses to anlotinib on left parietal: the image of the previous row at each time is
an enhanced image of the lesion; the image of the lower row of each time is the FLAIR image of the lesion. FLAIR image mainly
shows that the edema subsided after antivascular treatment.
Abbreviations: 17 + M, more than 17 months; Anl, anlotinib; Bev, bevacizumab; IMRT, intensity modulated radiation therapy; NGS,
next-generation sequencing; PD, progressive disease; PR, partial response; TMZ, temozolomide.
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Table 1. Clinical trials of FGFR inhibitors

Tumor type Drug Company Target Clinical development stage

Glioblastoma BGJ398 Novartis FGFR1-3 Phase Il (NCT01975701)
AZD4547 AstraZeneca FGFR1-3 Phase I/1l (NCT02824133)

Solid tumors/ lymphoma E-7090 Eisai FGFR1-3 Phase | (NCT02275910)
LY2874455 Eli Lilly & Co. Pan-FGFR Phase | (NCT03125239)
TAS-120 Taiho Pharm FGFR1-4 Phase I/1l (NCT02052778)
Erdafitinib (JNJ42756493) Janssen FGFR1-4, VEGFR2 Phase 1l (NCT02421185)
Rogaratinib (BAY1163877) Bayer FGFR1-4 Phase 1l (NCT03410693)
Debio-1347 Debio Pharm FGFR1-3 Phase | (NCT01948297)

every 28 days for one cycle) were given to this patient. MRI
revealed relapse of the tumor on April 5, 2018, and the
patient received bevacizumab 300 mg (5 mg/kg) targeted
therapy and temozolomide (200 mg/m? days 1-5, every
28 days). Brain MRI monitoring revealed a partial response on
June 7, 2018. Then, the patient received oral temozolomide
chemotherapy at home (100 mg/m? days 1-7, days 15-21,
every 28 days). Subsequent brain MRl monitoring showed
progressive disease on July 7, 2018.

Next-generation sequencing analysis (NGS) of DNA was per-
formed for the primary surgical tissue. The results showed the
TERT p.C228T mutation (mutation allele frequency [MAF] =
40%, formalin-fixed, paraffin-embedded [FFPE] sample), FGFR3
amplification (copy number [N] = 3.13, FFPE sample), and an
FGFR3-TACC3 fusion (Catalogue of Somatic Mutations in Cancer
[COSMIC] mutation identifier, COSF1353; FFPE sample) (Fig. 2).
Then, the FGFR3-TACC3 fusion was verified with an RNA fusion
panel. The FGFR3-TACC3 fusion can result in diffuse FGFR3
expression in most tumor cells. FGFR-TACC fusions are potent
oncogenic events that, when present in brain tumor cells, con-
fer sensitivity to FGFR inhibitors [11]. Anlotinib is a novel multi-
target tyrosine kinase inhibitor that is designed to primarily
inhibit VEGFR2/3, FGFR1-4, PDGFRa/p, and c-Kit. The patient
was administered anlotinib 12 mg p.o. every day (days 1-14,
21-day cycle) (anlotinib clinical study NCT04004975) and oral
TMZ chemotherapy 100 mg/m? (days 1-7, days 15-21, 28-day
cycle; 12 cycles). After 2 months of therapy, the patient
achieved a partial response that has been maintained for
>17 months of follow-up.

No serious adverse reactions occurred during anlotinib
treatment in this case. The adverse reactions were grade
1 hypertension (well controlled by antihypertensive drugs),
grade 2 hand and foot syndrome, and grade 1 white blood
cell decline, with no bleeding and no proteinuria. In an ongo-
ing clinical trial, the most common grade > 3 adverse events
during anlotinib treatment in advanced non-small cell lung
cancer were hypertension, triglyceride elevation, hand and
foot skin reaction, and lipase elevation [13]. The timeline of
treatment and radiographic responses is shown in Figure 3.

DiscussioN

Patients with TERT promoter mutations and high-grade IDH-
wild-type glioma have shorter OS than patients with IDH-wild-
type glioma without TERT promoter mutations [14-16]. The
prognosis of patients with recurrent GBM is poor. For recurrent
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gliomas, bevacizumab is the preferred drug in the National Com-
prehensive Cancer Network (NCCN) guidelines. Bevacizumab, a
monoclonal antibody primarily inhibiting VEGF, has been used in
patients with GBM as a later-line treatment since its approval in
the U.S. for recurrent GBM in 2009 and has become the standard
treatment for patients with recurrent GBM in the NCCN guide-
lines [17]. Another recommended regimen is bevacizumab plus
chemotherapy (carmustine or lomustine, TMZ, or carboplatin). A
meta-analysis showed that the combination of bevacizumab and
chemotherapy in the treatment of recurrent GBM significantly
improved the progression-free survival and objective response
rate but did not extend the OS compared with single-agent
bevacizumab [18]. In cases in which standard regimens fail for
patients with relapsed GBM, targeted therapies are limited [2].
Molecular markers of GBM are needed to improve personalized
diagnosis and treatment and to better understand the biology
to facilitate the development of new therapies [1].

The significant difference in efficacy between bevacizumab
and anlotinib in our case suggests that anlotinib is a suitable
and promising treatment for GBM with FGFR3-TACC3 fusion.
It may provide a new option for patients with recurrent GBM
after TMZ or bevacizumab treatment.

Anlotinib is a multitarget tyrosine kinase inhibitor and an
oral small molecule inhibitor. The drug was originally designed
to inhibit VEGFR2/3, FGFR1-4, PDGFRa/p, and c-Kit; thus, it has
broad inhibitory effects on tumor angiogenesis and growth
[12]. In our case report, the patient carried an FGFR3-TACC3
fusion (COSF1353) and FGFR3 amplification according to the
NGS analysis. The FGFR3-TACC3 fusion (COSF1353) is a classic
fusion (an oncogenic driver mutually exclusive with IDH muta-
tion and EGFR amplification that mainly occurs in GBM) [6] and
was once reported in the recurrent tumor of two patients who
were diagnosed with glioblastoma, WHO grade IV [7]. The
FGFR3-TACC3 fusion (COSF1353) was also reported in a
64-year-old woman who was affected by left parietal GBM,
whose tumor showed diffuse FGFR3 expression in most tumor
cells [11]. FGFR-TACC fusions are clear oncogenic events
in vitro, and brain tumor cells carrying these fusions have sensi-
tivity to FGFR inhibitors [5, 18]. In glioblastoma, a relationship
between FGFR3 amplification and FGFR3 protein expression
has not been reported. However, the two are correlated up to
approximately 90% of the time in bladder cancer [19]. There-
fore, the reason for the significant effect of anlotinib treatment
in this patient may be that the patient carried two alterations at
the same time and was thus particularly sensitive to FGFR3
inhibitors. Patients with FGFR3-TACC3 rearrangements and/or
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FGFR3 amplification should be considered for clinical trials fea-
turing FGFR inhibitors.

Gliomas carrying FGFR3-TACC3 fusions are also IDH1/2 wild
type and almost always (~75%) have TERT promoter muta-
tions or CDKN2A loss, which can provide an important clue for
the molecular characterization of this glioma subtype [7].

Currently, it is very difficult to treat recurrent glioblas-
toma. There is no effective targeted drug that can prolong
the overall survival of patients with recurrent glioblastoma.
Our case is the first report in the world in which a patient
with recurrent GBM with an FGFR3-TACC3 fusion was
treated with anlotinib, and the patient achieved a partial
response that has been maintained for >17 months. In
recent years, a variety of FGFR inhibitors are also undergo-
ing clinical trials (Table 1). In view of the particularly effec-
tive treatment of a patient with recurrent GBM with
FGFR3-TACC3 fusion with anlotinib, it is worth conducting
further clinical trials. Perhaps anlotinib can change the cur-
rent treatment status of patients with GBM with FGFR3-
TACC3 fusion. Such a finding will have important clinical
significance.

LIMITATION

There are some interesting points to be addressed. First, the
patient has multiple tumors located in important functional
areas (left thalamus and left parietal lobe). Therefore, the first
surgery only removed the tumor node from left parietal lobe.
Second, because the surgical biopsy tissue did not penetrate the
central area of the tumor, we inferred that the pathological
result may not comprehensively represent the true clinical situa-
tion of the patient. We invited a pathologist to perform another
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