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Background: Anaplastic lymphoma kinase (ALK) rearrangements have been reported as an important oncogenic driver in 5–7% non- 
small cell lung cancer (NSCLC) patients. Reports about the intergenic region (IGR) as an ALK fusion partner are rare. In this study, we 
report a novel IGR (chr2: 30,316,870)-ALK fusion in an advanced lung adenocarcinoma patient that responded effectively to crizotinib 
combined with pemetrexed.
Case Presentation: A 68-year-old Chinese female was diagnosed with stage IV right lung adenocarcinoma (cT3N3M1c). The 
targeted next-generation sequencing (NGS) of 14 cancer-related genes identified an IGR (chr2: 30,316,870)-ALK fusion. Her lung 
lesions have been successfully converted from a partial response to a complete response after administrating crizotinib for 1 year 
combined with 6 cycles of chemotherapy with pemetrexed. So far, her progression-free-survival has reached 21 months.
Conclusion: In this case, we firstly report a novel IGR (chr2: 30,316,870)-ALK fusion by using targeted NGS, and highlight the 
efficacy of crizotinib combined with pemetrexed to reduce unbearable gastrointestinal adverse reactions. It provides valuable clinical 
guidance for the treatment of similar cases in the future.
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Introduction
Non-small-cell lung cancer (NSCLC) accounts for approximately 80% of lung cancers and is associated with high 
mortality worldwide.1 Anaplastic lymphoma kinase (ALK) rearrangements, an oncogenic driver, have been identified in 
5–7% NSCLC patients.2 Echinoderm microtubule-associated like 4 (EML4) is the first identified and the canonical 
partner of ALK gene.3 With the development of next-generation sequencing (NGS) technology, an increasing number of 
novel ALK fusions have been discovered. However, reports of the intergenic region (IGR) as an ALK fusion partner are 
still rare. Several ALK tyrosine kinase inhibitors (ALK-TKIs), including crizotinib, ceritinib, alectinib, brigatinib and 
lorlatinib, have been approved for treating ALK-rearranged NSCLC patients, and their efficacy may be affected by 
the ALK variant status.4 The sensitivity of these IGR-ALK fusions to ALK targeted therapies is also not clear.5 In this 
study, we present the case of a patient with advanced lung adenocarcinoma patient harboring a rare IGR (chr2: 
30,316,870)-ALK fusion, who showed enduring clinical response to crizotinib combined with pemetrexed, with a 21- 
month progression-free survival (PFS).

Case Presentation
In April 2019, a 68-year-old Chinese female with no smoking history was referred to the respiratory department of our 
hospital after a routine physical examination at a healthcare center. She complained that pulmonary lesions had been 
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discovered, despite not experiencing any discomfort in the past. Her chest computed tomography (CT) scan revealed 
a 34 mm × 37 mm × 56 mm mass in the right upper lobe with metastases to mediastinal and right hilar lymph nodes 
(Figure 1A and B). Further cranial MRI confirmed there was no brain metastasis. The whole-body emission computed 
tomography (ECT) revealed lesions with increased radioactivity in patients’ right shoulder and left coxa. Hematoxylin 
and eosin (HE) staining of endobronchial ultrasound-guided needle aspiration specimen of the mass in the right upper 
lobe revealed a typical adenocarcinoma histology (Figure 2A and B). Based on the imaging examinations, histopathology 
and immunohistochemical profile, the patient was diagnosed with stage IV (cT3N3M1c) lung adenocarcinoma according 
to UICC 8th edition TNM staging (Figure 1A).

Subsequent targeted NGS of 14 cancer-related genes analysis (Nanjing Geneseeq Technology Inc., Nanjing, Jiangsu, 
China) of her aspiration biopsy identified an IGR (chr2: 30,316,870)-ALK fusion (Figure 3), but no other oncogenic 
alterations were found. The test results suggested that there was no known sensitive targeted medicine for this type of 

Figure 1 Schematic of patients’ treatment histories. (A) The treatment timeline of the patient. (B) Images of the chest CT are provided with lung tumors indicated with red 
arrows. 
Abbreviations: LUAD, lung adenocarcinoma; NGS, next-generation sequencing; IGR, intergenic region; PR, partial response; CR, complete response.

Figure 2 Pathology results. (A and B) Hematoxylin-eosin staining of endobronchial ultrasound-guided transbronchial needle aspiration biopsy specimen showed lung 
adenocarcinoma (10×).
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fusion. Therefore, the patient was treated with chemotherapy with nedaplatin (50 mg on d1-2) and pemetrexed (0.8 g on 
d1, q4w) on May 15, 2019. After the first cycle of the chemotherapy, the patient reported intolerable severe gastro-
intestinal adverse reactions with dizziness, amaurosis and weakness. Therefore, a combined treatment of crizotinib 
(250 mg bid) and maintenance chemotherapy with pemetrexed (0.8 g on d1, q4w) were administrated on May 27, 2019 
and achieved a partial response (PR), as indicated by chest CT scan one month later which showed a remarkable 
shrinkage of the right upper lung lesion and multiple nodules in the two lungs (Figure 1B). Since the monthly chest CT 
scan in the following 6 months indicated a remarkable shrinkage of the right upper lung lesion and multiple nodules in 
the two lungs (Figure 1B), the patient was only given crizotinib as maintenance treatment on October 31, 2019. In 
July 2020, the patient’s chest CT scan showed that multiple nodules in both lungs were benign nodules (Figure 1B). The 
patient’s lung lesions were successfully converted from PR to complete response (CR) and remained progression-free- 
survival (PFS) on crizotinib for 21 months up to the most recent follow-up. During the targeted therapy, the patient 
experienced mild adverse reactions such as visual disturbance, dizziness, fatigue, and rash, which were well tolerated.

Discussion
Approximately 5–7% of patients with NSCLC exhibit ALK gene rearrangements, which define a unique molecular 
subgroup within NSCLC.6 Multiple types of ALK fusions have been identified in patients with NSCLC, among 
which, different fusion partners may affect the response to ALK-TKIs.4 Therefore, it is necessary to determine the 
sensitivity of different ALK fusions to different ALK inhibitors for the purpose of making therapeutic decisions. 
To our knowledge, this is the first report of an IGR (chr2: 30,316,870)-ALK fusion as identified by targeted NGS 
and was successfully treated with crizotinib. The wide use of NGS testing has facilitated the detection of rare ALK 
fusions, including those with one IGR breakpoint.7 The shortcoming of traditional Fluorescence in situ 

Figure 3 Sequencing reads of IGR and ALK were visualized by the Integrative Genomics Viewer (IGV). The schematic below shows the IGR (upstream YPEL5-) ALK fusion.
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hybridization (FISH) and IHC methods is that the specific variants of ALK fusion could not be determined.8 DNA- 
based NGS can also be performed on both tissue samples and liquid biopsies. While IGR-ALK at the genomic 
level may not always produce detectable fusion transcripts, many studies have indicated that unconventional ALK 
fusion at the DNA level can generate functional fusion due to mRNA splicing.9 In our case, the aspiration biopsy 
sample was not successfully tested with RNA-based NGS owing to sample poor quality. However, our case 
suggests that additional validation testing using targeted deep RNA-seq may be necessary to identify patients with 
intergenic-breakpoint fusion, who could benefit from ALK TKIs treatment. In addition, due to the unavailability of 
tissue samples, we were unable to conduct IHC and/or FISH tests, which is a limitation of our case.

In intergenic-ALK fusions, one breakpoint occurs at an intergenic position while the other is situated within the ALK 
gene. To date, over 20 intergenic ALK fusion genes have been reported, and only a few of these cases were sensitive to 
ALK-TKIs, including CENPA/DPYSL5, CENPA, CHRNA7, SLC8A1/LINC01913, and Linc00308/D21S2088E.5,7,9,10 In 
this case, we identified a novel IGR (chr2: 30,316,870)-ALK fusion. The breakpoints were located in the upstream 
intergenic region of Yippee-like 5 (YPEL5) and exon 20 of the ALK gene. YPEL5 is a component of the CTLH E3 
ubiquitin-protein ligase complex that selectively accepts ubiquitin from UBE2H and mediates ubiquitination and 
subsequent proteasomal degradation of the transcription factor HBP1. This process is essential for the normal prolifera-
tion of cells. The kinase domain was preserved in ALK exon 20 and fused with the upstream intergenic region of YPEL5 
to generate the IGR (upstream YPEL5)-ALK fusion. It was reported that a fusion between the intergenic region of YPEL5 
(chr2: 30,193,816) and ALK gene in a female NSCLC case responded well to alectinib, a second-generation ALK TKI.11 

Moreover, given that this fusion type retains a complete ALK kinase domain, it is theoretically possible that our patient 
may respond to ALK TKIs, such as crizotinib or alectinib. Indeed, our patient received a remarkable response following 
crizotinib therapy. This case report has expanded the spectrum of ALK fusions and offered valuable information for the 
precise administration of ALK inhibitor in the future. Pemetrexed, an antifolate, is commonly used in chemotherapy. 
Previous study has shown that the addition of pemetrexed had similar clinical response in ALK-positive and ALK- 
negative patients.12 Nevertheless, the PROFILE 1014 clinical trial has demonstrated that ALK-positive NSCLC patients 
exhibit an enhanced sensitivity to pemetrexed.13 In the light of NGS result and clinical guidelines, the patient was 
administered crizotinib combined with pemetrexed as a second-line treatment due to the severe adverse reactions of the 
first-line chemotherapy with nedaplatin and pemetrexed. Surprisingly, the second-line treatment yielded a good response 
so far with mild adverse reactions. This intergenic ALK fusion was sensitive for the combination of pemetrexed and 
crizotinib, which was feasible and may be an alternative for second generation ALK-TKI like alectinib.11 Further clinical 
studies are needed to verify our findings and clinical outcomes of crizotinib versus crizotinib combined with pemetrexed 
can be further studied.

Conclusion
Based on the literature retrieval, this study illustrated the first case of a lung adenocarcinoma patient carrying a novel IGR 
(chr2: 30,316,870)-ALK fusion and reported that the patient benefited from the treatment of crizotinib combined with 
pemetrexed. The functions of the novel ALK fusion in oncogenesis and drug resistance need to be further investigated to 
better inform treatment decisions and prognosis predictions. Our study provides the first clinical evidence of ALK-TKI 
efficacy in such patients, and highlights the importance of targeted NGS to guide treatment decision-making.
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