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Background

Although anaplastic lymphoma kinase tyrosine kinase inhibitors (ALK-TKIs) have impressive response in advanced lung adenocarcinoma with anaplastic lymphoma kinase (ALK) fusion, no guidelines point to the potential benefits of neoadjuvant ALK-TKIs for N3 unresectable locally advanced lung cancer. Current ongoing clinical trials mainly focus on the efficacy of neoadjuvant ALK-TKIs in resectable locally advanced lung cancer and ignore the role of neoadjuvant ALK-TKIs in N3 unresectable locally advanced lung cancer.



Materials and methods

We report a lung cancer case with a novel INTS10-ALK and EML4-ALK rearrangement that achieved complete pathologic response to neoadjuvant crizotinib. We conducted molecular pathologic analysis by using next-generation sequencing (NGS). Genomic DNA was extracted from formalin-fixed paraffin-embedded (FFPE) samples and profiled using a capture-based targeted sequencing panel consisting of 56 lung cancer-related genes.



Results

Our study reported a patient with stage IIIB-N3 lung adenocarcinoma with an unreported dual ALK rearrangement (INTS10-ALK and EML4-ALK) who received 5 months of crizotinib, followed by R0 right upper lobectomy, achieving complete pathological response (ypT0 ypN0). No recurrence of the tumor was found for 3 years postoperatively.



Conclusion

The case supports the strategy of neoadjuvant ALK inhibitors for N3 unresectable locally advanced lung cancer, expanding the spectrum of treatment of stage IIIB-N3 lung cancer.
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Introduction

Stage III non-small cell lung cancer (NSCLC) is a class of diseases with large heterogeneity in clinical manifestations and treatment methods (1). In particular, for stage IIIB-N3 NSCLC, the National Comprehensive Cancer Network (NCCN) recommends concurrent radical chemoradiotherapy and follow-up with immunotherapy. However, stage IIIB-N3 NSCLC only has median progression-free survival (PFS) of approximately 16.8 months, which is based on the data of the PCIFIC study (2). Improving the PFS and overall survival (OS) of patients with stage IIIB-N3 NSCLC is an urgent issue in clinical research.

Although anaplastic lymphoma kinase tyrosine kinase inhibitors (ALK-TKIs) have impressive response in advanced lung adenocarcinoma with anaplastic lymphoma kinase (ALK) fusion, no guidelines point to the potential value of neoadjuvant targeted therapy in stage III ALK fusion NSCLC. Currently, only one retrospective study aimed at N2 resectable locally advanced lung cancer found that neoadjuvant crizotinib could achieve 90.9% (10/11) partial response and 18.1% (2/11) completely pathological remission (3). In addition, several clinical trials that studied the efficacy of neoadjuvant second-generation ALK-TKIs (such as neoadjuvant alectinib) in resectable locally advanced lung cancer have been ongoing (4). However, the efficacy and role of neoadjuvant ALK-TKIs in N3 unresectable locally advanced lung cancer are still undetermined.

Therefore, our study reported a patient with stage IIIB-N3 lung adenocarcinoma with a novel dual ALK fusion (INTS10-ALK and EML4-ALK) who achieved complete pathological response after receiving neoadjuvant crizotinib. We hope that emerging data of neoadjuvant second-generation TKIs in stage IIIB NSCLC will be reported in the future, expanding the spectrum of treatment of stage IIIB-N3 lung cancer.



Case presentation

A 54-year-old Chinese woman, without a history of smoking, presented with a palpable right supraclavicular lymph nodule in April 2019 without local redness and tenderness. The patient was worried and came to our hospital because her father has died of lung cancer several years ago. A chest computed tomography (CT) scan was performed and revealed a lobulated nodule in the right upper lobe (22 mm * 15 mm) and multiple enlarged lymph nodes in the right neck and mediastinum (Figure 1A). Further, a biopsy of the right supraclavicular lymph node was performed and showed poorly differentiated metastatic lung adenocarcinoma (Figure 1B). In addition, molecular pathologic analysis using next-generation sequencing (NGS) was conducted. Genomic DNA was extracted from formalin-fixed paraffin-embedded (FFPE) samples and profiled using a capture-based targeted sequencing panel consisting of 56 lung cancer-related genes (Lung Core, Burning Rock Biotech, Guangzhou, China). Sequence data were mapped to the reference human genome (hg19) using Burrows-Wheeler Aligner version 0.7.10. Structural rearrangement was analyzed using an in-house algorithm markSV (Burning Rock Biotech). The analytical sensitivity of the company’s NGS platform is >95%; analytical specificity is >99%; mean sequence depth is 886×. Therefore, the results of sequencing are reliable. As a result, an unreported dual ALK arrangement—INTS10-ALK fusion (I18: A20, 25.85%) and EML4-ALK fusion (E6: A20, 12.64%)—was detected (Figure 2A). Meanwhile, fluorescence in situ hybridization (FISH) of ALK was conducted and confirmed ALK rearrangement (Figure 2B). As such, the patient was diagnosed with right lung adenocarcinoma with mediastinal and right supraclavicular lymph node metastasis (stage IIIB, cT1cN3M0). Crizotinib was then administrated to the patient in May 2019. Five months later, a re-examination using chest CT detected that the size of a nodule in the right lung had clearly decreased, with dimensions of approximately 8 mm * 5 mm (Figure 1A). On 15 October 2019, the patient underwent right upper lobectomy plus systematic lymph node dissection plus right supraclavicular lymph node dissection. Postoperative pathological examination showed the infiltration of inflammatory cells and proliferation of fibrous tissue. There were no definite tumor residues in the primary lesion and lymph nodes (ypT0 ypN0) (Figure 1C). After the operation, the patient had poor wound repair, which may be related to the preoperative ALK-TKI administration. Overall, the stage IIIB-N3 patient achieved complete pathological remission after neoadjuvant crizotinib therapy. Postoperatively, the patient continued to take crizotinib (250 mg b.i.d.) for 3 years with no recurrence of the tumor.




Figure 1 | Summary of radiology, pathology, and next-generation sequencing (NGS) results (A–C). (A) Radiological evaluation of the patient before and after neoadjuvant crizotinib for 1 and 5 months. PL, primary lung cancer; LN, lymph nodes. (B) H&E and IHC staining. The result demonstrated at the time of diagnosis of NSCLC (scale bar, 100 μm). (C) H&E staining post-operation. The result showed no residual viable cancer cells after adjuvant crizotinib treatment (scale bar, 100 μm). H&E, hematoxylin and eosin; IHC, immunohistochemistry.






Figure 2 | ALK fusions detected by the targeted NGS assay and FFPE FISH. (A) Sequencing reads of INTS10-ALK fusion and EML4-ALK fusion rearrangements at the time of diagnosis. Taking the INTS10-ALK fusion as an example, the top part of the picture describes the position of the gene on the chromosome. INTS10 on chromosome 8 (8 exons) fused with ALK on chromosome 2 (20 exons). In the bottom part, each row represents a read. Furthermore, for each row, the normal bases of each gene in each row are in gray, and the colored bases belong to another gene. For example, the gray bases in INS-10 are normal bases, and the colored mutilation bases in INST-10 belong to ALK. Similarly, the gray bases in ALK are normal bases, and the colored mutation bases in ALK are part of INST-10 bases. The same principle can annotate the sequencing results of EML4-ALK. (B) FISH result. Using ALK break-apart probe shows ALK rearrangements. Green signals represent the 5′-ALK gene, red signals represent 3′-ALK, and yellow signals represent intact ALK gene. Therefore, arrows point to ALK rearrangements because of the separation of red and green signals. FISH, fluorescence in situ hybridization; NGS, next-generation sequencing; FFPE, formalin-fixed paraffin-embedded.





Discussion

Some previous studies found that NSCLC patients with rare ALK rearrangement were not responsive or even resistant to ALK-TKIs (5–7). This study first reports a new dual ALK fusion (INTS10-ALK and EML4-ALK) in N3 unresectable locally advanced lung adenocarcinoma with complete response after crizotinib neoadjuvant treatment. Ou SI et al. summarized and discovered 90 ALK fusion new partners, such as NPM1, BCL11A, and BIRC6 (7). Finding a new partner for ALK rearrangement is still gaining attention. Based on previous literature and summaries, ALK arrangement could be divided into five types: EML4-ALK alone fusion (8), none-EML4-ALK alone fusion, non-reciprocal/reciprocal ALK translocation (6, 9), dual ALK fusion (10), and intergenic ALK fusion (11). Among them, Nongyang et al. found that non-reciprocal/reciprocal ALK translocation and dual ALK fusion in advanced patients had the worst mean PFS (6.1 months) and the highest risk of brain metastasis when compared to the other four types (6). In this study, although INTS10-ALK and EML4-ALK are a dual ALK fusion, the stage IIIB-N3 patient with this arrangement not only has the opportunity for radical surgical treatment but also has attained more than 3 years of PFS due to neoadjuvant crizotinib, which is satisfactory.

Overall, the use of neoadjuvant targeted therapy strategies in N3 unresectable locally advanced lung adenocarcinoma is favorable. In particular, the second-generation TKI alectinib, a highly selective ALK inhibitor with a high response rate and superior efficacy in preventing and treating brain metastasis, is widely used currently in advanced NSCLC (12). There currently exist two clinical case reports reporting the feasibility and safety of alectinib as a neoadjuvant drug (13, 14). Meanwhile, the ALNEO trial is also enrolling patients to study the activity and safety of neoadjuvant alectinib (4). However, the above studies are all focusing on N2 resectable locally advanced NSCLC. At present, our study is the first one to report a patient with N3 unresectable locally advanced NSCLC who achieved pathological remission after neoadjuvant crizotinib treatment with unreported ALK fusion. Emerging evidence is needed in the targeted neoadjuvant area of unresectable N3 NSCLC in the future.
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