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A novel FSHR-ALK and EML4-ALK double fusion variant in 
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Introduction

Non-Small-Cell Lung Cancer (NSCLC) is estimated to account 
for 80 to 85% of all lung cancers [1]. Oncogenic ALK gene rear-
rangements, in which the intact ALK kinase domain is fused to 
N-terminal fusion partners, occur in approximately 5% of pa-
tients with NSCLC [2]. ALK fusion partners have gradually been 
identified, including EML4, KIF5B, CMTR1, KLC1, TNIP2 and Cux1 
[3,4]. Among these fusions, EML4-ALK fusion gene variants ac-
counted for 80% of ALK fusion genes. With the development of 
Next-Generation Sequencing (NGS), more than 20 fusion part-
ners for ALK in NSCLC have been identified [5]. First-generation 
ALK-Tyrosine Kinase Inhibitors (TKIs), such as crizotinib, are rec-
ommended as first-line treatments for ALK-rearranged NSCLC 

and have exhibited impressive efficacy in treating ALK-positive 
lung adenocarcinoma [6]. Second-generation ALK-TKIs, such 
as alectinib, ceritinib and brigatinib, and third-generation ALK-
TKIs, such as lorlatinib, have also been developed [7]. Alectinib 
has exhibited a longer Progression-Free Survival (PFS) in the 
treatment of advanced lung cancer [8]. However, the existence 
of an ALK double fusion in one patient with NSCLC has occa-
sionally been reported. Moreover, ALK-TKIs are widely utilized 
in ALK-positive patients, but patients with different ALK fusions 
have different responses [9]. Here, a patient with an FSHR-ALK 
and EML4-ALK double fusion is described who responded to 
alectinib and showed changes before and after treatment.
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Figure 1: Tumor response of the patient’s lung lesions during alec-
tinib treatment. (A,B) PET-CT showed a hypermetabolic mass ap-
proximately 3.7 × 2.8 cm (SUVmax 20.2) in the right middle lobe 
with atelectasis of right middle lung before treatment. (C) CT scan 
revealed the mass shrunk to 1.1 × 2.0 cm and atelectasis signifi-
cantly relieved after 1 month treatment of alectinib. Simultane-
ously, lung infection in the right lung aggravated.

Case report

A 63-year-old nonsmoker female was admitted to the hos-
pital with a complaint of persistent stimulating dry cough with 
hoarseness for 2 months. A Positron Emission Tomography-
Computed Tomography (PET-CT) scan revealed a 3.7 cm × 2.8 cm 
mass (SUVmax 20.2) in the right middle lobe adjacent to the hi-
lum (Figure 1A & 1B) with multiple bone metastases and lymph 
node metastases. Lung biopsy confirmed the pathological diag-
nosis of poorly differentiated adenocarcinoma of the lung with 
a solid growth pattern (Figure 2A). Immunohistochemistry (IHC) 
demonstrated strong positivity for Thyroid Transcription Factor 
1 (TTF-1) and Napsin A and negative positivity for cytokeratin 
5/6 and P40. The examination of the ALK fusion by immunohis-
tochemistry and Fluorescence In Situ Hybridization (FISH) was 
positive (Figure 2B & 2C). Finally, her disease was diagnosed as 
right lung adenocarcinoma (cT2N3M1c, stage IVB). The tumour 

Figure 2: Microscopic and molecular findings of the lung tumor tis-
sue sample. (A) Results of Hematoxylin and Eosin (H&E, magnifica-
tion 200×) staining showed solid pattern of tumor. (B) Immunohis-
tochemistry staining indicated strong ALK receptor tyrosine kinase 
protein expression (C) A split signal was observed with a frequency 
of 85% in the fluorescence in situ hybridization image. Results of 
NGS showed two different gene fusion in the tumor, EML4-ALK fu-
sion (D) and FSHR-ALK fusion (E). These graphs show the corre-
sponding BAM views of the ALK intron region around the imputed 
breakpoint in Integrative Genomics Viewer genome browser.

tissue obtained from the biopsy was submitted for genomic 
testing by Next-Generation Sequencing (NGS) based on a pan-
cancer 168-gene panel, as well as plasma cell-free DNA (circu-
lating tumour DNA [ctDNA]). The NGS sequencing assay on the 
Illumina platform showed that the patient had a double ALK fu-
sion: FSHR-ALK (F1:A20, 27.22% abundance in tissue, Figure 2D) 
and EML4-ALK (E21: A20, 32.09% abundance in tissue, Figure 
2E). The FSHR gene and the ALK gene map to chromosome 2p 
with opposite orientations.

Alectinib was administered orally 300 mg twice daily be-
ginning on September 18, 2020, and 1 month later, imaging 
re-examination revealed a significant decrease in tumour size 
and markedly relieved atelectasis (Figure 1C). According to the 
Response Evaluation Criteria in Solid Tumours (version 1.1), the 
patient was considered to have a partial response to alectinib. 
Unfortunately, the patient’s lung infection worsened.

Case Gender Age Pathological Pattern Fusion Type Treatment Follow-up

1 [14] male 57 lung adenocarcinoma EML6-ALK, FBXO11-ALK chemotherapy, crizotinib partial response for 12 months

2 [13] male 28 lung adenocarcinoma EML4-ALK, BCL11A-ALK crizotinib
partial response for 13 months in lung,recurrent 
liver metastasis

3 [15] male 44 lung adenocarcinoma EML4-ALK, PRKCB-ALK crizotinib
partial response at 1 month, weak enlargement at 
6 months

4 [16] male 32 non-small cell lung cancer CCNY-ALK, ATIC-ALK crizotinib partial response for 6 months

5 [5] male 60 lung adenocarcinoma EML4-ALK, BIRC6-ALK alectinib partial response for 3 months

6 [2] female 55 lung adenocarcinoma EML4-ALK, CDK15-ALK crizotinib partial response for 23 months

7 [17] female 64 lung adenocarcinoma EML4-ALK, NLRC4-ALK crizotinib stable disease for 10 months

8 [18] male 44 lung adenocarcinoma DYSF-ALK, ITGAV-ALK chemotherapy,crizotinib
partial response for 3 months in lung,brain metasta-
ses continued to grow

current female 63 lung adenocarcinoma EML4-ALK, FSHR-ALK alectinib partial response for 2 month
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Discussion

In this study, our patient is the first reported patient to har-
bour an EML4-ALK and FSHR-ALK double fusion and exhibit a 
remarkable response to alectinib. In 2007, SODA et al. identi-
fied the first case of an EML4-ALK fusion in non-small-cell lung 
cancer [10]. To date, more than 20 ALK fusion partners have 
been reported in NSCLC [5]. Because of the low occurrence rate 
of double ALK fusions, data on these fusions remain scarce. 
FSHR is a glycosylated transmembrane receptor protein that is 
overexpressedand is further related to an increase in tumour 
cell proliferation and aggressiveness. FSHR belongs to family 1 
of the G protein-coupled receptors and is the receptor for fol-
licle stimulating hormone and functions in gonad development. 
Among the detected fusion genes, intron 1 of the FSHR gene and 
intron 19 of the ALK gene were disrupted and ligated. Notably, 
a novel EML4-ALK variant (E21, A20) was identified, which has 
been previously reported in colorectal carcinoma [11]. In this 
report, the genes also mapped to chromosome 2p in opposite 
orientations. Intron 21 of the EML4 gene and intron 20 of the 
ALK gene were broken and rearranged. As far as we know, the 
FSHR-ALK fusion has been reported in only one patient, but the 
specific follow-up date remains unknown [12]. Although there 
is no direct evidence to support that the FSHR-ALK fusion is a 
driver mutation, considering the overexpression of the FSHR-
ALK fusion in NSCLC samples, it is possible that the FSHR-ALK 
rearrangement may act as a driver mutation.

To date, cases of double ALK fusion are still rare, and few 
cases have been reported (Table 1). Baodong et al. reported a 
case with a double ALK fusion, EML4-ALK and BCL11A- ALK that 
exhibited a partial response to crizotinib for 13 months [13]. Af-
ter crizotinib treatment, the abundance of BCL11A-ALK could 
not be measured through NGS of ctDNA, and only a low abun-
dance of the EML4-ALK fusion was detected. Jiangming et al. 
described a patient with the double ALK fusion EML4-ALK and 
BIRC6-ALK who received alectinib treatment for 3 months and 
did not exhibit adverse drug reactions [5]. In addition, some re-
ports also confirmed that patients with double ALK fusions may 
be sensitive to crizotinib [2,14-18]. However, not all lung adeno-
carcinomas with ALK fusion may benefit from treatment with 
ALK-TKIs. Mengnan et al. reported a case with a novel HIP1-ALK 
fusion variant (H19:A20) that exhibited primary resistance to 
crizotinib treatment [19]. Moreover, the PFS of patients with 
ALK-positive NSCLC treated with alectinib as a first-line treat-
ment varies due to differences in the fusion forms of ALK [20]. 
Therefore, it is of considerable clinical significance to continu-
ously study the form of ALK fusion and the correlation between 
ALK fusions and the sensitivity of patients to targeted drugs.

Conclusion

In summary, this report is the first to describe a lung ade-
nocarcinoma patient who had novel double ALK fusion, EML4-
ALK and FSHR-ALK, and was sensitive to alectinib. The curative 
effect of alectinib in the treatment of a lung adenocarcinoma 
patients with an EML4-ALK and FSHR-ALK double ALK fusion 
provides a valuable reference for other patients with such gene 
alterations. Furthermore, this case also indicates that dynamic 
NGS tests can facilitate clinical decision-making by detecting 
molecular changes.
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