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Abstract: The treatments for advanced non-small cell lung cancer (NSCLC) patients have been improved 
by developing tyrosine kinase inhibitors (TKIs) as targeted therapies. Oncogenic gene fusions resulting from 
structural DNA rearrangements have been proposed as a unique class of oncogenic drivers and therapeutic 
targets. Currently approved TKIs mainly focused on a few well-known fusion genes such as anaplastic 
lymphoma kinase (ALK) and ROS proto-oncogene 1 (ROS1). Fusions involving neuregulin 1 gene (NRG1) 
have been recently described in a small portion of solid tumors as actionable oncogenic drivers, leading to the 
activation of the erythroblastic leukemia viral oncogene homolog (ErbB)-mediated pathway. Therefore, gene 
fusions containing NRG1 could serve as a therapeutic candidate for ErbB-targeted treatment. In the present 
study, we report a lung adenocarcinoma patient harboring the CD74-NRG1 fusion, which was identified by 
next-generation sequencing (NGS). The patient received the irreversible pan-ErbB inhibitor, afatinib, as 
first-line treatment and showed a significant treatment response with a progression-free survival of 8 months. 
After progressive disease (PD), the second NGS did not identify novel genetic alterations that emerged after 
afatinib resistance. Our case supports the use of ErbB-targeted treatment for NRG1 fusion-positive NSCLC. 
Further studies are warranted to understand treatment effects and acquired resistance of afatinib in NGR1 
fusion-positive patients.
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Introduction

Oncogenic gene fusions act as actionable drivers in the 
initiation and development of solid cancers (1). One 
of the actionable gene fusions involves the neuregulin  
1 gene (NRG1), which was recently identified as recurrent 
aberrations in patients with non-small cell lung cancer 
(NSCLC) (2,3). The prevalence of NRG1 fusion in lung 
cancer was relatively low compared with other common 
driver mutations. In a study, NRG1 fusions were identified 
in 25 of 9,592 NSCLC cases (0.26%) (4). Previous studies 
have suggested that fusions involving NRG1 could lead to 

the activation of the erythroblastic leukemia viral oncogene 
homolog (ErbB)-mediated pathway and could therefore 
serve as a therapeutic candidate in addition to currently 
available ErbB-targeted treatment (5,6). The irreversible 
pan-ErbB inhibitor, afatinib, has been approved for NSCLC 
patients with EGFR sensitizing mutations including L858R 
and exon 19 deletions (7). However, clinical evidence on 
treatment effects of EGFR targeted therapies such as 
afatinib in NRG1 fusion-positive lung cancer is limited 
due to relatively low frequency of NRG1 fusions. Previous 
studies reported the use of afatinib as front-line or later-line 
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treatments in NSCLC patients with NRG1 fusions (8,9).
In the present study, we reported an elder Chinese 

patient with lung adenocarcinoma harboring the NRG1 
fusion. The patient received afatinib as first-line treatment. 
After afatinib resistance, our study performed additional 
next-generation sequencing (NGS) test on patient sample 
and tried to identify underlying drug resistant mechanisms. 
We present the following case in accordance with the 
CARE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-3923).

Case presentation

An 80-year-old female,  Chinese, non-smoker was 
admitted to the First Affiliated Hospital of Wenzhou 
Medical University due to sharp pain in her left chest 
in October 2018. Computed tomography (CT) scan 
(Figure 1) of the chest displayed a 44 mm × 41 mm 
nodular lesion in the left upper lung (Figure 1A). The 
patient was diagnosed with invasive adenocarcinoma 
with bone metastasis. Both lung biopsy and plasma 

Figure 1 Computed tomography (CT) scan of the lungs in different treatment stages. (A) Baseline in October 2018, (B) 4 weeks after 
afatinib treatment in December 2018, (C) 3 months after afatinib treatment in February 2019, (D) 6 months after afatinib treatment in May 
2019, (E) disease progression in July 2019, and (F) 6 weeks after anlotinib treatment in November 2019. The location of tumor lesions was 
indicated by red arrow.
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samples were subjected to the next-generation sequencing 
(NGS) platform with a panel of 168 solid cancer-related 
genes (Burning Rock Biotech, Guangzhou, China). 
CD molecule 74 (CD74)-NRG1 fusion was identified 
in both the biopsy and plasma samples (Figure 2),  
and the co-mutation of tumor protein p53 (TP53) was also 
indicated in the biopsy sample result.

The patient was started on 40 mg afatinib orally daily 
from November 2018. After 4 weeks of afatinib treatment, 
the chest CT scan displayed tumor diminution, and the 
target lesion size significantly decreased to 28 mm × 24 mm  
(Figure 1B). The patient achieved partial response (PR). 
Side effects including weight loss, acute cough, mild 
rash, and diarrhea were observed and controlled during 
the treatment. The tumor decreased to 27 mm × 23 mm  
3 months after treatment (Figure 1C). Treatment-response 
assessment indicated the patient remained in PR, with a 
slight growth to 29 mm × 27 mm in May 2019 (Figure 1D). 
In July 2019, a chest CT scan showed significant growth 
of the left upper lobe (37 mm × 34 mm), and the patient 
was diagnosed with progressive disease (PD) (Figure 1E). 
Progression-free survival (PFS) was 8 months. The plasma 

sample obtained after PD was sent for NGS in August 
2019, but no new mutations were detected compared with 
the previous test.

The second-line treatment was switched to anlotinib 
in September 2019. The patient reported gastrointestinal 
side-effects and remained in stable disease (SD) for 6 weeks. 
The patient had PD in November 2019 (Figure 1F), with  
2 months’ PFS.

All procedures performed in studies involving human 
participants were in accordance with the ethical standards 
of the institutional and/or national research committee(s) 
and with the Helsinki Declaration (as revised in 2013). 
Written informed consent was obtained from the patient for 
publication of this case report and accompanying images. 
A copy of the written consent is available for review by the 
editorial office of this journal.

Discussion

Identifying gene rearrangements as novel oncogenic drivers 
can improve the standard of care for advanced NSCLC 
treatment. There have been increasing investigations on 
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Figure 2 Screenshots from the integrative genomic viewer (www.broadinstitute.org/igv) showing breakpoint spanning reads mapping to the 
CD molecule 74 (CD74) and neuregulin 1 gene (NRG1) genes are shown. Arrows indicate break-apart signals. “E” represents the exon.
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oncogenic gene fusions, while some rare gene fusions were 
proposed as therapeutic targets of tyrosine kinase inhibitors (1). 

Recent studies reported the presence of NRG1 
rearrangements in different cancer types (3). The most 
frequently reported NRG1 fusion is CD74-NRG1, while the 
expression of this fusion protein-induced signaling through 
ErbB2–ErbB3 heterodimers (10). Therefore, patients 
harboring the CD74-NRG1 fusion may respond to pan-
ErbB inhibitors, such as afatinib. Our patient harboring 
the NRG1 fusion showed a durable and significant response 
to afatinib, with a PFS of 8 months. Our case further 
supported the use of ErbB-targeted therapy in the patient 
positive for NRG1 fusion.

Fusions involving NRG1 appear to have a low incidence 
in solid tumors (10). The oncogenic mechanism underlying 
NRG1 fusions and encouraging results from previous 
clinical studies indicated the use of TKI as a potential 
treatment option. The NRG1 gene contains large intronic 
regions, which have been recognized as a challenge in 
detecting complex and divers NRG1 fusions. In our case, 
NGS showed the clinical adaption for the detection of low-
incidence mutations, such as NRG1 gene rearrangement. 
Therefore, our case supported the use of NGS in detecting 
NRG1 fusions.

Although the patient showed a significant therapeutic 
response to afatinib, acquired drug resistance inevitably 
occurred. The second NGS test did not identify novel 
mutations that emerged after afatinib resistance. More 
comprehensive studies at proteome and metabolome levels 
may improve our understanding of the mechanism for 
acquired afatinib resistance.
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