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Abstract
Background: Anaplastic lymphoma kinase (ALK) fusion, an important driven oncogene mutation, occurrs
in 3%~7% non-small cell lung cancers (NSCLC), and EML4 is the most common partner gene. With the
widespread application of next-generation sequencing (NGS), more gene breakpoint fusions have been
discovered, and functional fusion transcripts can bring targeted clinical bene�ts. Clinical trials have
shown that NSCLC patients with ALK fusion can obtain signi�cant survival bene�ts through ALK tyrosine
kinase inhibitor (ALK-TKI) treatment. In our case, a novel CLHC1/RNT4 intergenic region- ALK fusion was
identi�ed for the �rst time in a LUAD patient with BM, and the patient bene�ted from endostar and
crizotinib sequential alectinib. Our case suggested the advantages of NGS for fusion detection and
provided promising treatment options for NSCLC patients with BM harboring ALK fusions.

Introduction
Anaplastic lymphoma kinase (ALK) fusion, an important driven oncogene mutation, occurrs in 3%~7%
non-small cell lung cancers (NSCLC), and EML4 is the most common partner gene [1]. With the
widespread application of next-generation sequencing (NGS), more gene breakpoint fusions have been
discovered, and functional fusion transcripts can bring targeted clinical bene�ts [2]. Clinical trials have
shown that NSCLC patients with ALK fusion can obtain signi�cant survival bene�ts through ALK tyrosine
kinase inhibitor (ALK-TKI) treatment. So far, the FDA has approved �ve ALK-TKIs, namely Crizotinib,
Ceritinib, Alectinib, Brigatinib, Ensartinib and Lorlatinib [3,4]. Herein, we �rstly identi�ed a novel
CLHC1/RNT4 intergenic region- ALK fusion in a lung adenocarcinoma (LUAD) patient with brain
metastases (BM), and the patient bene�ted from endostar and crizotinib sequential alectinib.

Case Report
A 40-year-old woman admitted to the hospital on March 7, 2020 due to “cough and hemoptysis”. Chest
computed tomography (CT) showed nodules in the upper lobe of the left lung with mediastinal lymph
node metastasis (Fig. 1A). Further examination of brain magnetic resonance imaging (MRI) revealed BM
(Fig. 1F), the neck lymph nodes were enlarged, and the pathology of neck lymph node biopsy showed
LUAD. No driver gene mutation was found by ARMs-PCR using the patient’s blood in the hospital. Local
brain radiotherapy (40Gy/20f) was performed with cisplatin (40mg/m2 i.v. d1-3) and pemetrexed
(800mg/m2, d1) on April 2, 2020. Unfortunately, her condition worsened, her breath was di�culty, and
chest and back pains were present. Positron emission tomography (PET)-CT revealed a signi�cant
increase in pericardial effusion. Pericardial effusion puncture drainage and local brain radiotherapy
(40Gy/20f) were performed on April 10, 2020 concurrently. Endostar (30mg/m2/d, d1-7) was added to the
treatment regimen on May 8, 2020.

A novel CLHC1/RNT4 intergenic region- ALK (Exon20-29) (abundance 39.97%) was identi�ed using lung
puncture tissue by NGS analysis (Simceredx) in June 2020, and results of immunohistochemistry (IHC)
and �uorescence in situ hybridization (FISH) con�rmed the ALK fusion (Fig. 2). Then the patient started
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oral crizotinib (250mg bid) combined with endostar (30mg d1-7) on June 18, 2020. The patient's
condition was under control (Fig. 1C and H). Unfortunately, after 11 cycles, the patient felt dizzy and
unwell in March 2021. The brain MRI showed multiple nodules in the left cerebellar hemisphere (Figure
1I) and chest CT showed no signi�cant changes (Figure 1D), revealing the disease progressed. The
patient's progression-free survival (PFS) was 9 months. Then alectinib (600mg bid) was administered
from April 1, 2021, and which was evaluated as stable disease (SD). Timeline of the treatment and the
changes of CT and MRI scan were shown in �gure 1 (A-J).

Discussion
In our case, we �rstly identi�ed a novel CLHC1/RNT4 intergenic region-ALK fusion in a LUAD patient with
BM, which retained the whole kinase domain (exon 20-29) of ALK (Fig. 2B). The novel ALK fusion was
con�rmed as functional fusion transcripts by FISH and IHC (Fig. 1L). It has been reported that lung
cancer patients with intergenic ALK fusions had response to ALK-TKIs [5-7]. Due to functional intergenic
fusions can bring corresponding clinical bene�ts, intergenic fusions are receiving more and more
attention. Compared with limited traditional detection methods, the application of NGS has accelerated
the discovery of novel ALK fusions, and the requirements for samples have gradually become broader [8].

ALK fusion is a risk factor for brain metastasis in advanced NSCLC patients [9]. Clinical trials with TKI in
NSCLC patients with BM have shown high percentage of objective responses, prolonged PFS, and
improved quality of life. In patients with BM, simultaneously administer TKI and radiation therapy are
attempted [10]. Endostar combined with radiotherapy has shown a good therapeutic effect on non-small
cell lung cancer with BM in clinical practice [11]. The patients in our case with intergenic ALK fusion had
a good response to ALK TKI plus endostar.

In conclusion, a novel CLHC1/RNT4 intergenic region- ALK fusion was identi�ed for the �rst time in a
LUAD patient with BM, and the patient bene�ted from endostar and crizotinib sequential alectinib. Our
case suggested the advantages of NGS for fusion detection and provided promising treatment options
for NSCLC patients with BM harboring ALK fusions.
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Figure 1

Chest computed tomography (CT) scan (A-E), magnetic resonance imaging (MRI) of the brain (F-J). (A)
CT of the lungs during the �rst physical examination. (B) Lung CT before receiving crizotinib treatment.
(C) Lung CT after receiving crizotinib treatment. (D) Lung CT before receiving aletinib. (E) CT of the lungs
after receiving aletinib. (F) Brain MRI of the �rst physical examination. (G) Brain MRI before crizotinib
treatment (H) Brain MRI after crizotinib treatment. (I) Brain MRI before receiving aletinib. (J) Brain MRI
after receiving aletinib.
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Figure 2

Next-generation sequencing �ndings of CLHC1/RNT4 intergenic region- ALK fusion. (A) The Integrative
Genomics Viewer snapshot of CLHC1/RNT4 intergenic region- ALK. (B) Schematic representation of the
CLHC1/RNT4 intergenic region- ALK fusion protein domain structure. Histopathologic stains from the
pulmonary biopsy (C-E). (C) Hematoxylin-Eosin staining. (D) Fluorescence in situ hybridization. (E)
Immunocytochemistry staining.


