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Abstract: Intergenic-gene fusion detected by DNA-seq is particularly confusing for drug selection since the function of the intergenic 
region located upstream is unknown. We reported a case of a 49-year-old male with advanced lung adenocarcinoma, who was detected 
FBXO11 (intergenic)-ALK (exon 20-29) by DNA-seq, and FISH analysis revealed a positive result. The patient was treated with 
crizotinib and achieved a PR. The canonical EML4 (exon 1-13)-ALK (exon 20-29) fusion verified by RNA-seq suggested a complex 
EML4 (exon 1-13)-FBXO11 (intergenic)-ALK (exon 20-29) tripartite rearrangement at the DNA level. Our case emphasized the 
necessity of RNA-seq for verifying intergenic-gene fusion. Simultaneously, the pathogenic germline SLX4 variant and extensive 
CNVs of DNA segment were detected by DNA-seq deserves our attention. 
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Introduction
ALK rearrangement occurs in approximately 3~7% of non-small-cell lung cancer (NSCLC) patients.1 ALK fusion- 
positive patients acquired durable benefit from ALK tyrosine kinase inhibitors (TKIs),2 but relatively refractory to single- 
agent immune checkpoint inhibitors.3 Therefore, it is important to screen ALK fusion-positive tumors. However, 
traditional fluorescence in situ hybridization (FISH) and immunohistochemistry (IHC) cannot identify rare partners. 
Apart from EML4, an increasing number of gene fusion partners have been identified by DNA sequencing (DNA-seq). 
Moreover, multiple breakpoints have been reported, the introduction of RNA sequencing (RNA-seq) helps to distinguish 
whether a fusion at the DNA level forms a valid transcript. Besides the advantage in identifying complex fusions, the 
wider detection coverage of next-generation sequencing (NGS) allows it to provide additional information of concomi
tant mutations, which have been reported to impact prognostic of ALK-rearranged NSCLC.4 Above all, it is necessary to 
detect ALK rearrangement events accurately. Herein, we report a case of lung adenocarcinoma cancer who carried a rare 
intergenic-ALK fusion which confirmed to be a classical fusion by RNA-seq and FISH, the patient successfully benefited 
from crizotinib. Meanwhile, we posit that the molecular features and germline variant provided by DNA-seq will provide 
novel insight into complex fusions.

Case Presentation
A 49-year-old male was admitted for a dry cough that had become progressively worse for 2 months. On August 26, 
2021, the enhanced computed tomography (CT) scan revealed a mass in the middle and lower lobe of the right lung with 
bilateral pulmonary multiple solid nodules and multiple enlarged lymph nodes in the mediastinum, bilateral hilum, left 
axilla, diaphragmatic angle and hepatogastric space. The right lung puncture biopsy immunohistochemistry showed CK7 
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(+), Napsin A (+), TTF-1 (+) and Ki67 (15%) (Figure 1A–D) revealed poorly differentiated lung adenocarcinoma. 
According to the TNM classification of the 8th edition of the Union of International Cancer Control (UICC), the patient 
was diagnosed with clinical stage IV (T4N3M1).

DNA-seq analysis of tumor tissue and plasma based on a 551-gene panel (SIMCEREDX Inc, Nanjing, China) 
revealed a novel FBXO11 (intergenic)-ALK (exon 20-29) fusion (Figure 2A), in addition, a SLX4 germline pathogenic 
variation and increased copy number of several genes were found. Considering that the function of the intergenic region 
is unknown, we used RNA-seq and FISH to verify and the corresponding results were EML4 (exon 1-13)-ALK (exon 20- 
29) fusion (Figure 2B) and ALK(+) (Figure 2C) respectively. Studies have shown that crizotinib significantly improved 
progression-free survival (PFS) and overall survival (OS) in ALK-positive patients compared with chemotherapy,5,6 

which is recommended for first-line treatment in the NCCN guidelines. After full informed consent from the patient and 
his family, the patient was treated with crizotinib orally at a dose of 250mg daily on September 4, 2021, his cough was 
significantly relieved after a week and achieved continuous PR during the follow-up (Figure 3A–D).

Discussion
It is reported that approximately 25.5% of NSCLC patients identified as ALK, ROS1 or RET rearrangement-positive by 
DNA NGS were uncommon fusions, some of which neither a functional transcript nor a chimeric fusion protein was 
identified. Interestingly, among the patients verified positive by RNA NGS, genomic breakpoints and transcriptional- 
level breakpoints did not match in most cases.7,8 Intergenic region rearrangement, reciprocal rearrangement and 
noncanonical extron noncanonical are all likely to be identified as classical fusions at the transcript level.7,8 For our 
patient, it is difficult to determine whether it is an effective oncogenic fusion based on the DNA-seq results alone, 
because FBXO11 is a rare ALK fusion partner and the intergenic region is generally considered nonfunctional. Our case 
is an example for the potential significance of intergenic fusions and the importance of additional RNA-seq verification, 
which prevents ALK fusion-positive patients from missing out on targeted therapy and provides actual information about 
the fusion partner.

We are still puzzled by the inconsistency between DNA NGS and RNA NGS results. It is well known that intergenic 
region fusion upregulates downstream target genes mainly in two ways: reposition the upstream and downstream 
regulatory sequences or generate chimeric transcripts.9 RNA-seq showed that our patient matched the latter explanation. 
The types of alteration such as inversion, deletion, translocation and tandem duplication have been widely reported that 
can give rise to gene-intergenic fusions.9 Therefore, we make the following derivation according to the existing results. 
Firstly, considering ALK, EML4 and FBXO11 are all located on chromosome 2, but ALK and EML4 are transcribed in 
opposite directions, we speculated that inversion was necessary in the rearrangement process. Subsequently, the 
chromosome fragment between FBXO11 and EML4 (exon 1-13) was deleted, which produced FBXO11 (intergenic)- 
ALK (exon 20-29) fusion detected by DNA-seq. Finally, the intergenic region was cleaved during transcription to form 
EML4 (exon 1-13)-ALK (exon 20-29) fusion at the RNA level.10 It is worth noting that intergenic fusion alone was 
unlikely to be transcribed to EML4 (exon 1-13)-ALK (exon 20-29), there was more likely to be a complex tripartite 
rearrangement at the DNA level,8 constituting EML4 (exon 1-13), FBXO11 intergenic and ALK (exon 20-29) 
(Figure 2D). Unfortunately, the detection of long fusions containing intergenic regions is a difficult part of sequencing, 
the third long-read sequencing technology may solve ambiguous alignment of short read length,11 however, tissue 
samples taken at the patient’s initial visit have run out, retesting of resample will be considered after disease progressed. 

Figure 1 Histological findings. (A) Hematoxylin and eosin (HE) staining. (B–D) IHC results of TTF-1, CK7 and Napsin A.
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Our case suggests that the spread of third-generation sequencing technology could help reveal a more complete picture of 
genomic rearrangements, especially the complex rearrangements of long fragments.

What causes this complex fusion? It has been reported that chromothripsis and chromoplast are the main causes of 
complex genomic rearrangements,12 leading to intergenic region fusion detected by DNA-seq. Chromothripsis-like 
rearrangement may be the consequence of DNA repair disorders, resulting in chromosome instability.13 Genes involved 
in homologous recombination (HR) mediated DNA repair are worth more attention. Our patient carried a heterozygous 
pathogenic germline variant in SLX4 (c.2137C>T p.R713*). Liu et al reported somatic SLX4 mutations occurred in 9% 
of 44 ALK fusion positive Chinese NSCLC patients.14 SLX4 regulates three separate endonucleases and is involved in 
the repair of DNA crosslinks and the resolution of recombination intermediates,15 SLX4 is identified as an important 
regulator of DNA repair.16 Biallelic mutations in SLX4 are thought to be associated with Fanconi Anemia; nonetheless, 
heterozygous germline frame-shifting mutations in the SLX4 gene have been observed in individual patients, suggesting 
that it may cause partial protein truncation.17 Since SLX4 belongs to the HR pathway, we speculated that the impaired 

Figure 2 Analysis of ALK fusion. (A) DNA-seq of FBXO11 (intergenic)-ALK (Exon 20-29) fusion and (B) RNA-seq of EML4 (Exon 1-13)-ALK (Exon 20-29) fusion. (C) FISH 
revealed ALK gene fracture. (D) Derivation of ALK fusion process (inversion + deletion).
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protein function of SLX4 might be related to chromothripsis. Moreover, the frequency of chromothripsis in lung 
adenocarcinomas was up to 40%, a hallmark of chromothripsis is loss of DNA fragments generated by the shattering 
of the DNA, resulting in copy number oscillations.18 The extensive copy number variations (CNVs) of DNA segment in 
the patient (Table 1) is concordant with that of the literature. The complex tripartite rearrangement may attribute to 
pathogenic germline variants in HR pathway genes, the CNVs of DNA fragments offer some support for this view; 
nevertheless, whole genome sequencing is needed for further verification. It is reported that about 5.91% of Chinese lung 
cancer patients could carry pathogenic/likely pathogenic germline mutations, which may promote tumorgenesis by 
inducing related mutation type.19 Our case shows that, compared with traditional FISH/IHC, NGS provides a better 
throughput and visualization, which contributes to a comprehensive understanding of the intergenic fusion tumors. The 
germline variant and extensive CNVs of DNA segment of the patient’s tumor distinguish it from the classic ALK fusion 
tumor. This leads us to speculate whether germline variants of HR pathway genes are more likely to induce complex 
fusions.

Does complex fusion affect drug efficacy compared to classical fusion? Cai et al revealed that there was no difference 
in PFS between patients with and without intergenic-ALK fusion in the patients who received first-line crizotinib.20 

However, the conclusion was limited by the lack of RNA-seq validation. Moreover, 5’ partner may affect the biology of 
the fusion, and the distant promoter may also affect the concentration of transcript.21 As previously discussed, 
chromothripsis caused much of the complex rearrangement, which predicted a poor prognosis.18 In addition to oncogenic 
ALK fusion, the patient carried a pathogenic germline variant of HR pathway gene simultaneously. On the one hand, HR 

Figure 3 Representative clinical images before and after crizotinib treatment. (A–D) Comparison of primary lesions on baseline and every 8 weeks.

Table 1 All Detected Variants in the Patient

Gene/Segment Coordinates HGVS_c. HGVS_p. AF/CNVs

FBXO11 (Intergenic)-ALK (Exon 20-29) chr2 - - 16.89%

CDK12 chr17 79G>A G27S 14.75%
GABRA6 chr5 539C>T P180L 12.78%

MUC16 chr19 24319G>C E8107Q 12.15%

1q32.1-q41 chr1: 201193904–223951667 - - 3.04
1q31.3-q32.1 chr1: 196177193–201193904 - - 2.58

16q24.1-q24.3 chr16: 85413654–90157349 - - 1.44
17q25.3 chr17: 78919417–81194710 - - 1.43

19p13.3 chr19: 60500–4102472 - - 1.41

8q24.3 chr8: 142148799–146303522 - - 1.39
11p15.5-p15.4 chr11: 60500–2905068 - - 1.39

16p13.3 chr16: 60500–3163570 - - 1.33

1p36.33-p36.32 chr1: 10500–2494760 - - 1.27
9q34.13-q34.3 chr9: 135804808–140997279 1.27

SLX4 chr16 2137C>T R713* Heterozygous
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pathway gene mutations were associated with better immunotherapeutic effect, on the other hand, immune efficacy in 
ALK-fused patients was quite poor; therefore, whether HR pathways genes co-mutations could affect the efficacy of 
ALK-TKIs and immunotherapy remains to be explored.

Conclusions
We used NGS to identify a novel FBXO11 (intergenic)-ALK (exon 20-29) fusion that is actually a classical EML4-ALK 
fusion at the transcriptional level, which help a lung adenocarcinoma patient to benefit from crizotinib. Our case is an 
example for the potential significance of intergenic fusions and the importance of additional RNA-seq verification. In the 
meanwhile, DNA-seq revealed extensive CNVs of DNA segment and a pathogenic germline SLX4 variant, which 
provide new insights into intergenic fusions.
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