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Background: Fibroblast growth factor receptor (FGFR) fusions in non-small cell lung cancer (NSCLC) are small genomic events. At
present, there is no standard treatment strategy for patients with NSCLC carrying an FGFR fusion.
Case Presentation:We report the case of a 45-year-old female patient who was diagnosed with lung adenocarcinoma and underwent
right upper lobectomy and postoperative adjuvant chemotherapy. After 13 months, the patient’s lung lesions progressed. Next-
generation sequencing of venous blood and lung tissues confirmed an FGFR2-ERC1 fusion, and she received chemotherapy and
immunotherapy. Two months later, the patient’s lung lesions progressed again. Based on the target effect of anlotinib on FGFR, the
patient was subsequently treated with anlotinib, and the progression-free survival interval exceeded 8.0 months.
Conclusion: These findings showed that patients with lung adenocarcinoma carrying an FGFR2-ERC1 fusion gene may benefit from
anlotinib. This case provided evidence to support the use of anlotinib in the treatment of NSCLC patients with FGFR fusion gene
subtypes.
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Introduction
Lung cancer is a malignant tumor that has the highest incidence and fatality rates in China and worldwide, and is the leading
cause of cancer-related deaths globally.1,2 Targeted therapy has been added to treatment strategies for advanced non-small cell
lung cancer (NSCLC). In addition, the toxic side effects and drug resistance of traditional therapies such as chemotherapy have
also promoted the development of targeted therapy. Targeted therapy has greatly improved the survival and prognosis of lung
cancer. However, only a small number of patients treated with the targeted drugs currently in use can benefit. Thus, there is still
a great need for new targets to increase treatment options and improve prognosis in advanced NSCLC. Fibroblast growth
factor receptor (FGFR) belongs to the tyrosine kinase family, which consists of four subtypes, FGFR1, FGFR2, FGFR3, and
FGFR4. FGFR has been found in many solid tumors. Abnormalities in the FGFR signaling pathway may drive tumorigenesis,
and FGFR has become a potential therapeutic target for malignancies.3 When FGF and FGFRs interact with one another, they
can activate and amplify the signal pathway, and transmit the signal to the downstream mediators Ras/Raf/MEK and PI3K-
AKT.4 FGFR malformations include point mutations, amplifications, and gene rearrangements that result in fusion proteins.5

As one member of the tyrosine receptor kinase family, FGFR2 is also involved in the occurrence and development of tumors,
and FGFR2 gene fusions are emerging targets for targeted therapy in solid tumors, which are most common in
cholangiocarcinoma.6,7 The most common fusion partner of FGFR2 is the BICC Family RNA Binding Protein.8,9 One
study found that the FGFR fusion rate in NSCLC was 0.20% (52/26054), with a FGFR2 fusion rate of 0.04% (10/26054)
following Comprehensive Genomic Profiling of 26054 NSCLC patient specimens, this study also found co-occurrence of
FGFR3 or FGFR4 fusions with mutations in epidermal growth factor receptor andMNNGHOS Transforming gene (MET) in
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NSCLC, but co-occurrence of other mutated genes with FGFR2 fusions has not been reported in NSCLC currently.10 The
potential oncogenic mechanism of FGFR fusions includes activation of the FGFR kinase domain leading to abnormal
activation of downstream signaling pathways,11–13 fusion protein mislocalization to mitotic spindle poles, which causes
genomic instability and transcriptional dysregulation,9,11 and gene fusions with strong promoters or loss of genomic regulatory
elements leading to overexpression of the fusion protein.9,13,14 FGFR fusion partners have been reported in many solid tumors,
but are rare in NSCLC, especially lung adenocarcinomawith FGFR2 and ERC1 fusion.10 ERC1 has been shown to be a fusion
partner of several genes, such as RETand Rearrangements in the anaplastic lymphoma kinase gene (ALK),15–17 but no fusion
of ERC1 with the FGFR family other than FGFR2 has been reported. Herein, we report the first case of right upper lobe
invasive adenocarcinoma harboring the FGFR2-ERC1 fusion which was sensitive to anlotinib therapy.

Case Presentation
A 45-year-old woman presented to Jiangxi Chest Hospital due to intermittent coughing and hemoptysis. Chest computed
tomography (CT) showed a right upper lung space-occupying lesion (3.5 cm x 3.7 cm). On December 18, 2019, the
patient underwent thoracoscopic right upper lobectomy with lymph node dissection under general anesthesia. The patient
was diagnosed with invasive adenocarcinoma of the right upper lobe, of which 60% was alveolar adenocarcinoma and
40% was mucinous adenocarcinoma. Postoperatively, the patient was given pemetrexed 500 mg/m2 combined with
carboplatin AUC5 chemotherapy for four cycles. After that, the patient attended the hospital regularly for review. On
January 30, 2021, the patient underwent CT re-examination which showed that compared with the chest CT on
October 27, 2020, the original right lung nodules had increased in size and number. The patient underwent CT-guided
percutaneous lung biopsy for diagnosis confirmation (Figure 1A). Hematoxylin and eosin staining confirmed typical lung
adenocarcinoma morphology (Figure 2A), and immunohistochemistry showed that cancer cells were focally positive for
Ki-67 (Figure 2B), negative for P40 (Figure 2C), and approximately 5% positive for TTF-1 (Figure 2D). The patient then
underwent gene mutation examination, and next-generation-sequencing (NGS) analysis of venous blood and lung tissue.
FGFR2-ERC1 fusion was detected only in tumor tissue DNA, and its mutant DNA fragment/total DNA fragment was 98/
1629, the mutation abundance was 6.02% (Figure 3A and B). No mutations were detected in epidermal growth factor
receptor, ALK, round spermatid injection, BRAF, mesenchymal-epithelial transition factor, RET, erb-b2 receptor tyrosine
kinase 2, KRAS, neurotrophic TRK1, and neurotrophic TRK3. From March 8, 2021, the patient was given two cycles of
chemotherapy combined with immunotherapy consisting of liposomal paclitaxel 150 mg/m2 and carboplatin (AUC5)
combined with camrelizumab 200 mg. On April 17, 2021, the patient’s chest plain CT scan and enhancement showed
multiple nodules in the right lung, a nodule in the upper lobe of the left lung and multiple cavities, which were possible
metastatic tumors. Compared with the chest CT on January 30, 2021, some of the nodules and cavities had increased
(Figure 1B–D). The patient refused chemotherapy, and received anlotinib based on its targeted effect on FGFR. Since
then, the patient has been regularly re-examined and her condition has been stable (Figure 1E–H). In this case, the patient

Figure 1 CT shows (A) the puncture position. (B–D) new lung cavities and metastases before treatment with anlotinib. (E–H) stabilization of lung lesions after anlotinib
treatment. The red arrows in the figure indicate changes in lesions before and after treatment.
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was insensitive to either chemotherapy or immunotherapy, and she had a progression-free survival (PFS) of more than
8.0 months after treatment with anlotinib. The timeline of the clinical diagnosis and treatment of this patient is
summarized in Figure S1.

Figure 2 Pathological analysis of percutaneous lung biopsy. (A) HE staining confirmed typical lung adenocarcinoma morphology, immunohistochemistry showed that (B) Ki-
67 was approximately 5% positive, (C) P40 negative, and (D) TTF-1 focally positive.
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Discussion and Conclusions
The receptor tyrosine kinase (RTK) superfamily consists of 20 structurally conserved subfamily cell surface receptors, all
of which play a key role in regulating cell differentiation, proliferation, survival, metabolism, and migration.18 FGFRs
belong to the highly conserved single-transmembrane tyrosine receptor family, which consist of extracellular ligand
binding domains and cytoplasmic conservative tyrosine kinase.19 The FGFR family includes receptors FGFR1−4 that are
individually encoded but highly homologous to vascular endothelial growth factor receptors, platelet-derived growth
factor receptors and other tyrosine kinase receptors.20,21 An abnormal FGFR signaling pathway has become an important
cause of many tumors. FGF, FGFR and heparan sulfate proteoglycan form a 2:2:2 ternary complex, which causes
dimerization of receptors and transphosphorylation of kinases, which then activates the PI3K-AKT, RAS-MEK-ERK,
PLC-γ, and JAK-STAT3 signaling pathways.19,22 Most fusion partners contain dimers that dimerize non-ligand receptors,
leading to proliferation of cancer cells, metastasis, and angiogenesis.23,24

At present, the detection methods for FGFR fusion in clinical diagnosis include fluorescence in situ hybridization,
immunohistochemistry, reverse transcription-polymerase chain reaction, and NGS approaches.25 NGS significantly increases
the clinical detection level of FGFR gene fusion and has the advantages of low cost and easy to obtain, Although the frequency
of FGFR in humanmalignant tumors is low, with the accumulation of sample size, targeted drugs for FGFR are still promising,
which also provides hope for the treatment of patients with NSCLC carrying a FGFR fusion gene.

Figure 3 Next-generation sequencing analysis showed an FGFR2-ERC1 fusion mutation following blood analysis and lung tissue biopsy. (A) Integrative Genomics Viewer
snapshot of the FGFR2-ERC1 fusion; (B) a schematic map of the FGFR2-ERC1 fusion protein domain structure.
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Anlotinib acts as a multi-target inhibitor of the small molecule RTK, and inhibits angiogenesis induced by Vascular
Endothelial Growth Factor (VEGF)/Platelet-Derived Growth Factor -BB/FGF-2 by blocking tyrosine kinase phosphor-
ylation and its downstream signaling pathways.26 A preclinical model showed that anlotinib combines with the ATP-
binding pocket of Vascular endothelial growth factor receptor-2 (VEGFR2) tyrosine kinase and exhibits a high degree of
selectivity and inhibition (IC50 < 1 nmol/L) of VEGFR2.27 Blocking the VEGF pathway alone will result in continued
activation of the bypass, leading to tumor revascularization and regeneration.28 Anlotinib inhibits tumor growth by
comprehensively inhibiting the angiogenic pathway, thereby reducing bypass activation and inhibiting revascularization.
On the other hand, it can also control tumor cell proliferation and metastasis by inhibiting targets such as c-Kit, Ret,
FGFR, and c-Met.29 Anlotinib also reshapes the tumor microenvironment and combines with other treatment modalities
to increase the effectiveness. Anlotinib increases infiltration of T cells, NK cells and APC cells, and the combination of
anlotinib and immunotherapy has a synergistic effect.30,31 In addition, anlotinib has been shown to have synergistic
effects with chemotherapy and targeted therapies.32,33 Adverse effects of anlotinib monotherapy have been shown to be
manageable in previous studies.34–36 Based on the ALTER0303 study, anlotinib has been approved as an NSCLC
standard third-line treatment indication.37

In a retrospective analysis, a case of cholangiocarcinoma with an FGFR2-ERC1 fusion was mentioned. In addition,
two patients with glioblastoma multiforme carrying the FGFR-TACC3 fusion gene achieved partial remission after
receiving anlotinib.38 A multicenter, double-blind, randomized Phase III clinical trial showed that patients with advanced
NSCLC treated with anlotinib as a third-line or further treatment had better overall survival (OS), PFS, and objective
response rates.37 A Phase I study validated the controlled toxicity and antitumor potential of anlotinib, and preclinical
results have shown that anlotinib significantly inactivates FGFR1–4, especially FGFR2.36 Although Phase III clinical
trials have demonstrated that anlotinib significantly improved OS and PFS in patients with NSCLC,37 resistance was
inevitable in the later stages of malignancy treatment. In this case, the patient was insensitive to chemotherapy as well as
immunotherapy, and anlotinib was a third-line treatment. In the case of resistance to anlotinib or disease progression,
additional local radiotherapy may be considered. Furthermore, based on the synergistic effects that anlotinib may have
with other treatment options, we may try anlotinib in combination with chemotherapy or immunotherapy. There are
currently studies exploring the mechanisms of resistance to anlotinib, for example, miR-136-5p confers resistance to
anlotinib in NSCLC cells by targeting PPP2R2A,39 TFAP2A plays an important role in anlotinib resistance by promoting
tumor-induced angiogenesis,40 CXCL2 is involved in the development of anlotinib resistance in human lung cancer
cells.41 Nevertheless, the mechanism of anlotinib resistance is still unclear, and further exploration is needed to clarify the
optimal treatment strategy and drug selection for patients after anlotinib resistance.

Therefore, in patients with advanced FGFR mutations, anlotinib can be added to the treatment strategy. In addition,
there are several drugs that have been or are being developed to suppress FGFR/FGF signaling,36 and some FGFR small
molecule inhibitors, such as erdafitinib and pemigatinib, have been approved by the Food and Drug Administration for
the treatment of malignant tumors such as urothelial carcinoma and cholangiocarcinoma.42 At present, FGFR inhibitors
for NSCLC are still in clinical trials, but it is already starting to pay off.43 With regard to the FGFR gene, only when we
explore its molecular mechanism and biological effects, can we really develop targeted drugs with high specificity and
sensitivity. With the advent of the era of molecular targeted therapy, an increasing number of targets have been identified.
We continue to research and develop targeted drugs with higher specificity and fewer side effects.

In summary, this is the first case report of a woman with lung adenocarcinoma carrying the FGFR2-ERC1 fusion gene
that was sensitive to anlotinib therapy, suggesting the critical role of targeted therapy for advanced patients with FGFR
mutations. Targeted therapy for FGFR mutations in patients with NSCLC is still under development, especially for lung
squamous cell carcinoma. It is necessary to further explore the biological characteristics and molecular mechanism in
order to find the best treatment mode for patients with this subtype of lung cancer. With the advent of the era of precision
oncology, targeted therapy plays an important role in the treatment of malignant tumors. The safety and efficacy of
anlotinib, and whether it can be combined with chemotherapy and immunotherapy in the overall treatment strategy,
require further examination.
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FGFR, Fibroblast Growth Factor Receptor; NSCLC, non-small cell lung cancer; MET, MNNG HOS Transforming gene;
ALK, Rearrangements in the anaplastic lymphoma kinase gene; CT, computed tomography; AUC, area under the curve;
NGS, next-generation-sequencing; PFS, progression-free survival; RTK, The receptor tyrosine kinase; VEGF, Vascular
Endothelial Growth Factor; VEGFR2, Vascular endothelial growth factor receptor-2; IC50, Half maximal (50%)
inhibitory concentration; OS, overall survival.
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