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Abstract: We found a novel NR-110219 & MIR4432-ALK gene fusion in a lung adenocarcinoma patient by highthroughput sequencing of circulating tumor DNA and tumor-derived DNA from pleural effusion fluid and the patient
responded well to crizotinib.
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Introduction
Lung cancer is one of the most common cancers and the leading cause of cancer-caused
death currently [1]. Non-small-cell lung cancer
(NSCLC) accounts for 80% of lung cancer which
contains adenocarcinoma and squamous cell
carcinoma [2]. Approximately half of NSCLC
cases are adenocarcinoma [3]. In recent years,
epidermal growth factor receptor (EGFR), anaplastic lymphoma kinase (ALK) and c-ros oncogene 1 receptor tyrosine kinase gene (ROS
proto-oncogene 1) were discovered as driver
mutations in lung adenocarcinoma thus dramatically changing the therapeutic strategy for
unresectable disease [4]. More than 10 different ALK fusion partners have been discovered
in lung adenocarcinoma: EML4, KIF5B, KLC1,
TFG, TPR, HIP1, STRN, DCTN1, SQSTM1, BIRC 6
and others [5]. Pre-clinical studies have shown
that ALK mutation-driven tumors are highly
sensitive to ALK TKIs in vitro in a panel of
human tumor cell lines including NSCLC, and
that these tumor cells were dependent on ALK
for their growth and survival [6]. Recent advances in multiplex genotyping based on circulating
tumor DNA (ctDNA) provide an alternative

method for detection of the gene mutation [7],
compared with currently accepted methods for
detecting ALK rearrangement, such as FISH,
RT-PCR, and Ventana IHC [8]. We herein present a novel NR-110219 & MIR4432-ALK gene
fusion in a lung adenocarcinoma patient identified by high-throughput sequencing of ctDNA
and tumor-derived DNA from pleural effusion
fluid. The patient responded to the ALK inhibitor
crizotinib.
Material and methods
Patient
A 50-year-old, never-smoking woman experienced chest pain and breathlessness for 2
months and sought for help in the second
Affiliated Hospital of Zhejiang University. A computed tomography (CT)-scan showed a left-lobe
lung lesion in the inferior lobe with a maximum
diameter of 27 mm. Pleural metastasis and
pleural effusion also existed. A thoracoscopy
was performed there and the evaluation of
biopsy from the pleural samples confirmed the
diagnosis of adenocarcinoma. IHC showed that
tumor cells, which came from lung, were posi-
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Figure 1. Computed Tomography (CT) scans of the patient during treatment with chemotherapy, icotinib, and crizotinib respectively. A. Chest CT scan before chemotherapy treatment. B. Chest CT Scan after 12 months of chemotherapy. C. Chest CT scan after 1 month of icotinib treatment. D. Chest CT scan after 5 months of icotinib. E. Chest
CT scan after 8 months of icotinib treatment. F. Chest CT scan before crizotinib treatment. G. Chest CT scan after
11 months of crizotinib. H. Chest CT scan after 15 months of crizotinib.

Figure 2. Dynamic change of pleural effusion before
and during crizotinib treatment.

tive for TTF-1 and CK7+, but negative for CK 2,
whereas Ki67 was 30%. The patient received
chemotherapy with 2 cycles of carboplatinpemetrexed from November to December 2012
in that hospital. Later she came to our hospital
for help. Since she had already received 2
cycles of chemotherapy and the lung nodules
remained stable at that time. She later received 10 cycles of cisplatin-pemetrexed from
December 2012 to April 2014. The CT showed
a steady increase in the size of lung nodules
during that period. A research study showed
that DCR, 1-year OS, and PFS of chemotherapy
combined with the DC-CIK is longer [8]. After
12 cycles of chemotherapy, she underwent
DC-CIK between May 2014 and August 2014.
The lung nodules remained stable from January
2014 to May 2014. However, the size of lung
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nodules increased to 35 * 33 mm on July 19
2014, an increase of 25.8% from January,
2014. The disease was progressing at that
point and she refused to do the genetic testing.
However, she received treatment of icotinib
starting on August 4, 2014. Fortunately, she
was in stable condition between August 2014
to April 2015, with the largest mass increasing
from 36 * 34 mm to 39 * 38 mm. However, the
lung nodules rapidly increased in size to 55 *
41 mm on June 27, 2015 (Figure 1). From June
2015 to August 2016, she experienced progressive disease with pleural effusion, and
mediastinal lymph nodes metastases. She
didn’t stop the icotinib therapy until December
2016. At the end of 2016, she experienced
chest tightness again and was hospitalized.
Then on December 10, 2016, her blood and
pleural effusion was sent to detect whether
there was a gene rearrangement.
We collected 50 ml of pleural effusion fluid and
10 ml of peripheral blood respectively from the
patient on Dec 2, 2016. DNA was extracted and
processed, after which DNA quantification was
performed using 20 ng of DNA to build the
library construction according to kit instructions. The probe enrichment was completed
and high-throughput sequencing was performed [9]. (Captured library follow the kit
description The Illumina HiSeq 4000 High
Throughput Sequencing Platform loads the
DNA on the Flow cell kit to form DNA clusters.
The sequencing platform pauses after single
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patients may have an improvement with TKIs in
terms of response rate and PFS [11-13]. The
patient experienced PFS during the icotinib
therapy.

Figure 3. Dynamic change of CEA during crizotinib
treatment.

base synthesis, and fluorescence is detected.)
Bio informatics Analysis [10].
It was surprising to discover a novel NR-110219
& MIR4432-ALK fusion transcript, the first
NR-110219 & MIR4432-ALK fusion variant
described in lung adenocarcinoma to date. The
NR-110219 & MIR4432 gene spacer broke
down and fused to ALK 19th introns, with abundance of 0.8% and 4.1% respectively. The product may consist of NR-110219 & MIR4432
gene spacer and 20 to 29 exon of ALK gene.
The patient received crizotinib (from 2016-1214) and stable disease (SD) has currently
reached 15 months. During this time, we could
see absorption of pleural effusion on the right
as the graph shows. (Figure 2). CEA decreased
from 14.4 ng/ml (2016-11-23) to 4.8 ng/ml
(2018-3-31) (Figure 3).
Discussion
The Lung Cancer Mutation Consortium and the
Clinical Lung Cancer Genome Project studies
have demonstrated the feasibility of tumor
genotyping to guide therapy in lung adenocarcinoma patients. As part of the Lung Cancer Mutation Consortium, patients received
matched targeted treatments after multiplexed
testing for alterations in genes. Pre-clinical
studies showed that ALK-driven tumors such as
NSCLC are highly sensitive to ALK TKIs [6]. We
therefore predicted that the NR-110219 &
MIR4432-ALK fusion was also sensitive to
crizotinib and let the patient receive crizotinib.
Moreover, there was no EGFR mutation of the
patient at the first diagnosis. Therefore, the current mutation might be related with previous
therapy. Approximately 10% of EGFR wild-type
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This is the first report that demonstrates the
presence of a novel NR-110219 & MIR4432ALK mutation in a patient. Both NR-110219 &
MIR4432 are located at 2p16.1. NR-110219 &
MIR4432-ALK could be considered as an oncogenic fusion gene, which should be added to
the list of ALK fusion genes. It was reported on
a study of breast and prostate cancer in the
NHLBI’s Framingham Heart Study. MIR4432
was reported about Hematologic Malignancies.
The product may consist of NR-110219 &
MIR4432 gene spacer and 20 to 29 exon of
ALK gene. The integrated approach has not
been reported yet, so specific fusion significance is not clear. The domain contains ALK
complete kinase structure, which may participate in the development of tumor, and may
increase the ALK inhibitor drugs sensitivity. Of
note, molecular analysis was not performed on
our patient prior to crizotinib therapy, so it is
unclear when the mutation developed. To our
knowledge, lung adenocarcinoma patients with
ALK fusion can benefit from pemetrexed-based
chemotherapy [14]. But they have no response
to EGFR-TKIs since the patient experienced
PFS, both during chemotherapy and icotinib
during 2012 December to 2015 April. We have
reason to believe that she did not have the
ALK mutation at the beginning since she
responded to icotinib. However, she experienced rapid disease progression during 2015
March to 2016 December during icotinib therapy and later she responded to crizotinib. It is
reasonable to speculate that ALK mutation
emerged after icotinib but prior to crizotinib
therapy. Additionally, it can be predicted that it
is icotinib that caused the mutation of ALK.
This study warrants future investigation of clinical characteristics and biological features of
lung adenocarcinoma harboring the NR-110219
& MIR4432-ALK fusion gene.
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