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Abstract: Primary spinal cord glioblastoma (PSC GBM) is a rare disease with limited treatment options. Here, we describe a case of PSC
GBM treated with anlotinib in this report. Molecular characterization confirmed the presence of the MGMT promoter unmethylated, IDH
wild type, FGFR3 p.S249C and p53 p.V73fs mutations in the patient. Anlotinib is a multitarget tyrosine kinase inhibitor that target
VEGFR2/3, FGFR1-4, PDGFRα/β, and c-kit. After a partial resection of the tumor at the extramedullary invasion site, the patient was
administered anlotinib 12 mg p.o. once every day (days 1–14, 21-day cycle) in combination with irinotecan chemotherapy (days 1 and 8,
21-day cycle). The patient exhibited significant symptom remission and partial response and was maintained for more than 10 months of
follow-up. This case study showed that FGFR3 S249Cmay be a newmarker for the treatment of PSC GBMwith anlotinib. This case is also
another strong support for molecular diagnosis and precision medicine.
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Introduction
Primary spinal cord glioblastoma (PSC GBM) is an extremely rare disease with a very dismal prognosis, just accounting
for approximately 1.4% of intraspinal tumors.1 Despite advances in surgery techniques and postoperative adjuvant
treatments such as chemotherapy and radiotherapy, patients with PSC GBM still suffer from this disease. The overall
survival (OS) time of spinal cord GBM is about 10–14 months, shorter than that of intracranial GBM.2,3 Moreover, the
disease is often associated with severe neurological impairment, which seriously affects the quality of life. Except for
surgery and chemoradiotherapy, targeted therapies that can be used to treat PSC GBM are rarely reported.

The fibroblast growth factor receptor (FGFR) family consists of four members, FGFR1-4.4 These tyrosine kinase
receptors are expressed on cell membranes with 22 known ligands.5 The interaction between FGFRs and their ligands
activates downstream signaling pathways such as AKT, ERK and MAPK pathway, which are involved in cell survival,
proliferation, development, angiogenesis and differentiation.6 Aberrations in FGFRs including single nucleotide variants
(SNVs), gene rearrangements or fusions, and copy number amplifications (CNAs) are recognized as a molecular driver in
different kinds of cancer.7 FGFR3 S249C is one of the hotspot SNVs in bladder urothelial carcinoma, head and neck
squamous cell carcinoma, lung squamous cell carcinoma, and kidney papillary cell carcinoma.8 FGFR3 S249C is known
to be oncogenic and promotes chemoresistance by activating the Akt signaling pathway.9 Patients with tumors carrying
S249C mutation could be treated with pan-FGFR targeted inhibitor.8

Anlotinib is a multitarget tyrosine kinase inhibitor that target VEGFR2/3, FGFR1-4, PDGFRα/β, and c-kit. In
addition to inhibiting tumor angiogenesis, anlotinib also inhibits tumor cell growth based on its molecular mechanism.
Currently, anlotinib is often used to treat advanced non-small cell lung cancer (NSCLC), small cell lung cancer (SCLC)
and soft tissue sarcoma. In addition, it has also been reported to be used in the treatment of recurrent intracranial
glioblastoma.10
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In this case report, we describe a patient with a rare PSC GBM with FGFR3 mutation. The patient achieved
satisfactory results after receiving radiotherapy and chemotherapy combined with anlotinib targeted therapy.

Case Description
A 55-year-old man was admitted to the hospital as a new patient on July 22, 2020. Prior to admission, he presented with
progressive numbness and weakness of the right lower extremity, which later developed into an inability to walk alone and an
incontinence of urine and feces. Magnetic resonance imaging (MRI) showed a space-occupying lesion in the medullary cone
(Figure 1A). After receiving relevant systemic examinations to confirm that there were no tumors or metastases in other
organs, the patient underwent a partial resection of the tumor at the extramedullary invasion site under general anesthesia on

Figure 1 Images of initial MRI examination and pathological diagnosis. (A) Magnetic resonance imaging revealed space-occupying lesion in medullary cone. (B) Hematoxylin
and eosin stain of the resected tissue supported the diagnosis of glioblastoma (hypercellularity, nuclear pleomorphism, brisk mitotic activity and multinuclear giant cell). The
immunohistochemical results showed that IDH1, GFAP, Oligo-2, p53, and S-100 were expressed and the Ki67 proliferation index was ˜50%.
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August 3, 2020. Histopathology confirmed glioblastoma, World Health Organization (WHO) grade IV. Immunohistochemical
results showed that the Ki-67 proliferation index was 50%. In addition, the tumor tissue stained positive for IDH1, GFAP,
Oligo-2, Vimentin and S-100 (Figure 1B). Furthermore, immunohistochemical assays were used to detect the expression level
of anlotinib targets. We found that most of these receptors stained positive in tumor cells. In addition, the high ratio of p-AKT/
AKT indicates that the AKT pathway is activated in the tumor cells (Supplemental Figure 1).

Three weeks after the surgery, the patient was treated with three-dimensional conformal radiotherapy (3D-CRT) for
a total dose of 42 Gy in 21 fractions on August 26, 2020 (Figure 2). Next-generation sequencing (NGS) analysis of DNA
was performed with the surgical tissue. The results showed the MGMT promoter unmethylated, IDH wild type, FGFR3 p.
S249C and p53 p.V73fs mutations. The patient was originally scheduled to receive temozolomide (TMZ) chemotherapy
concurrent during radiotherapy, but TMZ was discontinued two days later due to a severe skin allergic reaction. Anlotinib
is a novel multitarget tyrosine kinase inhibitor that is designed to primarily inhibit VEGFR2/3, FGFR1–4, PDGFRα/β,
and c-Kit. Considering the patient’s intolerance to TMZ and the unmethylation status of MGMT, he was administered 10
cycles of anlotinib 12 mg P.O. every day (days 1–14, 21-day cycle) in combination with irinotecan chemotherapy (days 1
and 8, 21-day cycle) in the next 9 months. During this period, the muscle strength of the patient’s right lower limb
improved significantly to enable him to walk independently, and he did not experience incontinence again. MRI showed
that the tumor slightly shrank, the parenchymal density decreased, and the enhancement weakened. The patient exhibited
significant symptom remission and was maintained for approximately 10 months of follow-up. After that, the patient did
not come to our hospital again for further treatment due to personal reasons. The patient has now been lost to follow-up.
The timeline of treatment and radiographic responses is shown in Figure 3.

Discussion
Spinal cord tumors are less common than intracranial tumors and account for less than 10% of central nervous system
tumors. However, PSC GBM is extremely rare, accounting for only 1.5% of all spinal cord tumors.11 PSC GBM has the
characteristics of easy local spread and poor prognosis. It can occur in any segment of the spinal cord but is more
common in the neck and chest. PSC GBM can occur at any age from children to older adults but has a predilection for
younger patients.12 Additionally, the prognosis of primary spinal cord GBM is worse than that of brain GBM. The
reported main causes of death were intracranial metastasis and respiratory failure, which may indicate that the spread of
cerebrospinal fluid and the rapid growth of the cervical spinal cord along the nerve fiber bundles are the two main
exacerbations of the disease.1

There is no current consensus on the best treatment for infiltrating PSC GBM due to the rarity of the disease. Current
treatments for PSC GBM are similar to those for brain gliomas. The standard treatment is often multimodal, consisting of
surgery, concurrent TMZ and radiotherapy, adjuvant chemotherapy and antiangiogenic treatments. The role of radio-
therapy in spinal cord gliomas is similarly controversial. In the cases of subtotal resection, several studies revealed an
increased PFS with the postoperative radiotherapy. However, due to the limited dose of the organs at risk in the spinal

Figure 2 Dose distribution of three-dimensional conformal radiotherapy plan. Radiotherapy dose distribution is depicted as isodose levels. Planning target volume (PTV) is
outlined in yellow.
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cord region, the prescription dose of the PSC GBM could not meet the ideal requirements. This is one of the reasons why
the radiotherapy effect of spinal glioma is worse than that of brain glioma. Therefore, it is of great significance to explore
more drugs to increase the therapeutic effect of PSC GBM.

In this case report, we describe a 55-year-old patient with a primary spinal glioma with FGFR mutation, which is very
rare. The role of FGFRs in healthy cells is to mediate cell developmental processes, especially embryogenesis,
angiogenesis, and tissue regeneration.13 Dysfunction of these receptors leads to abnormal cell signaling. Because
FGFRs are present in more than one tissue type, FGFR alterations can be observed in different types of cancers, such
as urothelial carcinoma, cholangial carcinoma, endometrial cancer, ovarian cancer, breast cancer, non-small cell lung
cancer (NSCLC), head and neck cancers, and glioblastomas.14 S249C mutation is one of the most frequent point
mutations in FGFR3 occurring in the extracellular domain (Figure 4).15 The resulting cysteine residues from these
mutations lead to dimerization of the receptor and ligand-independent signaling.16 So far, the S249C mutation of FGFR3
has not been reported in primary spinal glioma. Due to the extensive genomic alterations of FGFR across multiple cancer
types, numerous FGFR-targeted therapies are currently being evaluated in preclinical and clinical trials. FGFR inhibitors

Figure 4 Structure of FGFR3 and the receptors’ known mutations with their relative locations. FGFR3 consists of three extracellular immunoglobulin like domains (IgI, IgII
and IgIII), followed by a transmembrane domain and two tyrosine kinase domains, TK I and TK II. The somatic mutations reported in cancer patients and their relative
location on the protein were labeled at the bottom of the picture.

Figure 3 Timeline of treatment and MRI responses. (A) Timeline of the patient’s treatment. (B) MRI images of the patient at different times.
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mainly include small-molecule receptor TKIs (nonselective, selective and covalent), monoclonal antibodies, FGF ligand
traps and DNA/RNA aptamers.7

p53 is a very important tumor suppressor gene. A rare p53 mutation is also reported in our case. The p53 p.V73fs
mutant is caused by the frame shift due to the duplication of cytosine 216 of the gene sequence. This resulted in an error
in the sequence from 73 amino acid of the p53 protein and premature termination. This mutation will affect the tumor
suppressor effect of p53 protein. Similar mutations have also been reported in the human colon cancer cell-line SM12.17

Anlotinib is a novel oral multitarget tyrosine kinase inhibitor, which inhibits was originally designed to inhibit
VEGFR2/3, FGFR1–4, PDGFRα/β, and c-Kit, resulting in its dual effects on antitumor angiogenesis and tumor growth.18

It was approved by China Food and Drug Administration for the third-line treatment in advanced NSCLC on May 9,
2018. Hypertension, elevated thyroid-stimulating hormone, hand and foot syndrome, elevated thyroglobulin, elevated
total cholesterol, and diarrhea are common adverse events during anlotinib treatment.19

In this case report, we describe a patient with a rare PSC GBM with FGFR3 mutation. For this target, the patient
received radiotherapy and chemotherapy in combination with anlotinib targeted therapy and achieved satisfactory results.
MRI showed that the enhancement weakened, which may also be related to the antivascular effect of anlotinib. After
treatment, the patient was able to walk independently and was free of incontinence, which improved the quality of his life
significantly.

Abbreviations
PSC GBM, primary spinal cord glioblastoma; OS, overall survival; FGFR, fibroblast growth factor receptor; SNVs,
single nucleotide variants; CNAs, copy number amplifications; NSCLC, non-small cell lung cancer; SCLC, small cell
lung cancer; MRI, magnetic resonance imaging; WHO, World Health Organization; 3D-CRT, three-dimensional con-
formal radiotherapy; NGS, next generation sequencing; TMZ, temozolomide.
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