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Background: Anaplastic lymphoma kinase (ALK) rearrangements account for approximately 3%–5% of non-small cell lung cancer (NSCLC), and the echinoderm microtubule-associated protein-like 4 gene (EML4) and ALK fusion (EML4-ALK) is the most common ALK rearrangement in NSCLC patients. However, double-ALK fusion is extremely rare in clinical practice. Herein, we first report a lung adenocarcinoma patient with the coexistence of a novel subfamily 3 of ELMOD (ELMOD3)-ALK, EML4-ALK double fusion that is sensitive to alectinib target therapy.Materials and methods: Hematoxylin–eosin (H&E) staining, immunohistochemistry (IHC), and next-generation sequencing (NGS) were performed on biopsy samples.Results: The IHC analysis confirmed positive expression of ALK protein. NGS revealed a novel ELMOD3-ALK and EML4-ALK double fusion. The patient was sensitive to alectinib as neoadjuvant therapy and achieved a major pathological response (MPR), which was confirmed by the postoperative pathology diagnosis. To date, the patients’ disease-free survival (DFS) has exceeded 4 years without any significant symptoms of toxicity.Conclusion: This is the first report of one lung adenocarcinoma patient with a novel ELMOD3-ALK, EML4-ALK double-ALK fusion. This double-ALK fusion variant is sensitive to alectinib, suggesting patients with an ELMOD3-ALK, EML4-ALK double-ALK fusion could achieve clinical survival benefit from alectinib.Keywords: lung adenocarcinoma, ALK, ELMOD3, double fusion, neoadjuvant alectinib
INTRODUCTION
Lung cancer is a leading cause of death worldwide, and non-small cell lung cancer (NSCLC) is the most common pathological type of lung cancer (Siegel et al., 2022). The anaplastic lymphoma kinase (ALK) gene fusion accounts for about 3%–6% of NSCLC, which is the second most commonly identified targeted driver gene after epidermal growth factor receptor (EGFR) mutations in NSCLC (Yu et al., 2016). It usually occurs in light or non-smokers with lung adenocarcinoma, and the most frequent fusion is the echinoderm microtubule-associated protein-like 4 gene (EML4)-ALK variant (Koivunen et al., 2008). However, with the development and application of next-generation sequencing (NGS) technology, more than 90 uncommon fusion partners of the ALK gene have been identified in NSCLC (Ou et al., 2020). Currently, according to the National Comprehensive Cancer Network (NCCN) guidelines, the second-generation ALK-tyrosine kinase inhibitors (TKIs), such as alectinib and brigatinib, and the third-generation ALK-TKI, lorlatinib, are the preferred first-line treatment recommendations for patients with advanced NSCLC harboring ALK gene rearrangement, as they could achieve outstanding survival benefit from ALK inhibitor (ALKi) therapy (Ettinger et al., 2022). In clinical practice, double-ALK fusion remains extremely rare, and there are only a few studies reporting this phenomenon (Liang et al., 2021; Liu et al., 2024; Lin et al., 2018). Questions have arisen regarding whether these double-ALK fusion variants are heterogeneous in function, development, and treatment, and the standard of care is still unclear. In this study, we describe a patient with a novel subfamily 3 of ELMO domain-containing protein (ELMOD3)-ALK and EML4-ALK double fusion who was sensitive to alectinib.
CASE REPORT
Four years ago, a 58-year-old Chinese male patient came to our hospital for a physical examination on 20 April 2020. The patient was asymptomatic, with no evidence of cough, sputum, hemoptysis, chest pain, or dyspnea. The patient had no history of diabetes, hypertension, or family history of cancer. The patient had a smoking history of over 7 years, with an average of 20–40 cigarettes per day, and had abstained from smoking for nearly 30 years. Chest contrast-enhanced computed tomography (CT) revealed a mass measuring approximately 4.0 cm × 3.4 cm in the inferior lobe of the right lung, along with swollen and fused lymph nodes in the hilum and mediastinum. A CT-guided lung biopsy was performed, and the pathological examination confirmed lung adenocarcinoma. Immunohistochemical (IHC) staining demonstrated that the tumor was positive for Napsin A and thyroid transcription factor 1 (TTF1) (Figure 1). Finally, the diagnosis of stage IIIA (T2aN2M0) lung adenocarcinoma was confirmed on 2 May 2020. Subsequently, NGS (Burning Rock, Guangzhou, China) was performed to detect the gene variant from the tumor tissue by lung puncture. The result identified the previously unreported ELMOD3-ALK (E8: A20) fusion and EML4-ALK (E13: A20) double-ALK fusion, with abundances of 41.23% and 68.21%, respectively. In the ELMOD3-ALK fusion, exon 8 of the ELMOD3 gene and exon 20 of the ALK gene were broken and rearranged (Figures 2A, B). The presence of the ALK fusion was further confirmed by IHC staining with the Ventana D5F3 clone (Figure 2C).
[image: Figure 1]FIGURE 1 | Summary of pathology results. (A–C) Diagnosis of lung adenocarcinoma at the time of diagnosis (40×). Hematoxylin–eosin staining of lung adenocarcinoma (A). The IHC staining indicated positive for Napsin A (B) and TTF-1 (C). (D) Post-operative hematoxylin–eosin staining (40×). IHC, immunohistochemistry; TTF-1, thyroid transcription factor-1.
[image: Figure 2]FIGURE 2 | Identification of ALK fusions by NGS. (A) The Integrative Genomics Viewer (IVG) snapshot of a novel ELMOD3-ALK and EML4-ALK double fusion. (B) Illustration of the ELMOD3-ALK fusion (the new variant consists of ELMOD3 exon 8 and ALK exon 20); (C) IHC staining of ALK protein expression at the time of diagnosis (40×). NGS, next-generation sequencing; ALK, anaplastic lymphoma kinase; IHC, immunohistochemistry.
Currently, retrospective studies and case reports have demonstrated favorable efficacy and safety of neoadjuvant ALK-TKIs in resectable locally advanced NSCLC (Zhang et al., 2019; Hu et al., 2022; Sentana-Lledo et al., 2022). Additionally, a phase II, single-arm, multicenter prospective ALNEO study is ongoing to evaluate the efficacy and safety of alectinib as neoadjuvant therapy in surgically resectable stage III ALK-positive NSCLC (Leonetti et al., 2021).
Following a multidisciplinary team (MDT) discussion, we considered that the patient had potentially resectable NSCLC with ALK rearrangement and may benefit from the good efficacy and tolerability of ALK-TKIs. Taking into account the potential for greater side effects associated with chemotherapy and radiotherapy, as well as the possibility of increased surgical complexity due to preoperative neoadjuvant radiotherapy, we ultimately recommend neoadjuvant alectinib treatment for the patient. Thus, the patient received alectinib at a dose of 600 mg twice daily from 20 May 2020. After more than 4 months of targeted therapy of alectinib, the chest CT scan showed shrinkage of the primary tumor with a nodule measuring approximately 1.1 cm × 0.6 cm in the inferior lobe of the right lung without lymph node enlargement (Figure 3A). In addition, the CEA, NSE, and CA19-9 dropped sharply compared to initial test levels (Figure 3B). The efficacy evaluation was partial response (PR), according to response evaluation criteria in solid tumors (RECIST) 1.1.
[image: Figure 3]FIGURE 3 | Representative CT scans and dynamic monitoring of tumor markers with timeline. (A) Chest CT images of right lung adenocarcinoma before and after neoadjuvant alectinib. (B) Dynamic monitoring of tumor markers during treatment. CT, Computed tomography.
On 15 October 2020, the patient underwent a sublobar resection of the right lower lobe and systematic mediastinal lymphadenectomy after the MDT discussion. Postoperative pathological examination revealed that the residual tumor measured approximately 1.0 cm × 0.5 cm × 0.5 cm, with the percentage of residual tumor tissue being less than 7%, achieving a major pathological response (MPR). All resected lymph nodes, including hilar and mediastinal lymph nodes, were negative for tumor cells. Additionally, NGS analysis of the residual tumor tissue detected the presence of dual ALK arrangement—ELMOD3-ALK (E8: A20) fusion and EML4-ALK (E13: A20) fusion. Therefore, the patient continued oral alectinib as adjuvant therapy postoperatively, and tumor markers, including CEA, NSE, and CA19-9, remained within normal ranges (Figure 3B). To date, the patient has continued to take alectinib (600 mg, b.i.d.) for 4 years with no recurrence of the tumor postoperatively, achieving more than 48 months of DFS without any observed serious drug-related toxicity. Follow-up is still ongoing.
DISCUSSION
This is the first case presenting a rare coexistence of a novel ALK double fusion, namely, ELMOD3-ALK and EML4-ALK, in a patient with lung adenocarcinoma who demonstrated favorable sensitivity to alectinib. Due to its low incidence, research on double-ALK fusions remains extremely limited. It is critical to determine the activity of different ALK fusion partners in response to different ALK-TKIs in order to make personalized and precise therapeutic decisions. This is also the first report to provide clinical evidence that NSCLC patients with ELMOD3-ALK and EML4-ALK double fusion are sensitive to alectinib and exhibit long-term benefits.
With the rapid advancements in NGS, more than 90 ALK fusion partners have been identified in NSCLC between 2007 and 2020 (Ou et al., 2020). Accumulating evidence from large-scale clinical trials demonstrates that NSCLC patients with ALK rearrangements achieve significant survival benefits from ALK-TKI therapy compared to chemotherapy (Wu et al., 2024; Novello et al., 2018). To date, the FDA has approved five ALK-TKIs for the treatment of this patient subset. However, only a limited number of studies have reported ALK double-fusion variants. In these studies, crizotinib or alectinib was used as targeted therapy, with progression-free survival (PFS) ranging from 3 to 26 months (Liang et al., 2021; Wu et al., 2020; Tao et al., 2022; Qin et al., 2019; Luo et al., 2019; Xie et al., 2024; Zeng et al., 2021). This variability suggests that different ALK fusion variants or fusion genes may result in varying levels of oncogenic ALK fusion kinase expression, leading to diverse clinical outcomes (Liang et al., 2021; Wu et al., 2020; Tao et al., 2022; Qin et al., 2019; Luo et al., 2019; Xie et al., 2024; Zeng et al., 2021), but definite evidence for this remains insufficient (Yan et al., 2020). Therefore, it is crucial for effective treatment to understand the response of different types of ALK rearrangement to ALK-TKIs.
Currently, the optimal duration of postoperative adjuvant alectinib therapy remains unclear. In the ALINA study, which focused on patients with stage IB-IIIA ALK-rearranged NSCLC, postoperative adjuvant alectinib therapy was administered for 2 years (Leonetti et al., 2021). In our case, the patient is still in a stable condition on alectinib treatment, and the DFS has already exceeded 4 years. However, the survival benefits and potential risks of longer-term adjuvant alectinib treatment are unknown and require further exploration through prospective studies. We will continue to monitor and document the patient’s subsequent treatment course.
ELMOD3 is a subfamily member of the ELMOD family, which acts on ADP ribosylation factors of regulatory GTPase (Ivanova et al., 2014). Previous studies have indicated that dysfunction of the ELMOD subfamily can lead to a variety of diseases, such as hereditary deafness, autism spectrum disorder, and intellectual disability (Jaworek et al., 2013; Loi et al., 2020). However, no studies have reported an association between the ELMOD3 gene and cancer. In this study, we report, for the first time, a novel ELMOD3-ALK and EML4-ALK double fusion identified by next-generation sequencing (NGS) in a patient with lung adenocarcinoma. This double-ALK fusion demonstrated superior clinical efficacy in response to alectinib. Therefore, we proposed that this novel ELMOD3-ALK and EML4-ALK double fusion is an alectinib-sensitive variant, and patients with this ALK double fusion may achieve survival benefit from first-line treatment of alectinib.
To our knowledge, this is the first report of a novel ELMOD3-ALK and EML4-ALK double fusion in a patient with lung adenocarcinoma. The ELMOD3-ALK (E8:A20) fusion variant has not been reported previously. Notably, neoadjuvant alectinib treatment of the patient demonstrated significant efficacy, suggesting that the ELMOD3-ALK fusion variant may be a sensitive therapeutic target. Currently, evidence regarding the efficacy and safety of alectinib as neoadjuvant therapy in locally advanced ALK-positive NSCLC remains limited. Although retrospective studies and case reports have demonstrated the benefits of neoadjuvant alectinib (Zhang et al., 2019; Hu et al., 2022; Sentana-Lledo et al., 2022), evidence from prospective clinical trials remains lacking. The ongoing ALNEO study aims to evaluate the efficacy of alectinib as neoadjuvant therapy in patients with surgically resectable stage III ALK-positive NSCLC (Leonetti et al., 2021). In the future, additional prospective clinical trials are warranted to further explore neoadjuvant targeted therapy, similar to the advancements seen in neoadjuvant immunotherapy and chemotherapy.
CONCLUSION
In conclusion, we hereby report, for the first time, a case of lung adenocarcinoma harboring a novel ELMOD3-ALK and EML4-ALK double-ALK fusion. Importantly, this double-ALK fusion variant demonstrates sensitivity to first-line alectinib therapy, and patients may achieve clinical survival benefits from alectinib treatment. To further validate these findings, additional studies are expected to explore the specific molecular mechanisms underlying this double-ALK fusion and to evaluate its clinical treatment response.
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