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Y. Yao1y, Z. Yu2y, Y. Ma3, Q. Ou3, X. Wu3, D. Lu4* & X. Li5*
1Internal Medicine-Oncology, The First Affiliated Hospital of Xi’an Jiaotong University, Xi’an, Shaanxi; 2Department of Hematology and Oncology, Beijing Tsinghua
Changgung Hospital, School of Clinical Medicine, Tsinghua University, Chaoyang District, Beijing; 3Geneseeq Research Institute, Nanjing Geneseeq Technology Inc.,
Nanjing, Jiangsu; 4Department of Respiratory and Critical Care Medicine, The First Affiliated Hospital of Shandong First Medical University and Shandong Provincial
Qianfoshan Hospital, Shandong Institute of Respiratory Disease, Jinan, Shandong; 5Department of Oncology, The First Affiliated Hospital of Zhengzhou University,
Zhengzhou, Henan, China
*Corresp
ated Hospi
450052, C
E-mail: f
*Dr Deg

First Affili
Provincial
dong, 2500
E-mail: d

yThese a
2059-70

ropean Soc
BY-NC-ND

Volume 7
Available online 16 March 2022
Background: Kinase gene fusions are strong driver mutations in neoplasia; however, kinase intergenic-breakpoint
rearrangements (IGRs) confound the detection of such fusions and of targeted treatments. We aim to provide an
overview of kinase IGRs in a large lung cancer cohort and examine real-world survival outcomes of patients with
such fusions.
Methods:Mutational profiles analyzed using targeted next-generation sequencing of 425 cancer-related genes between
June 2016 and July 2019 were retrospectively reviewed. Patients’ demographic data, clinical characteristics, and
survivals were analyzed. RNA sequencing or immunohistochemical assays were carried out to verify chimeric fusion
products.
Results: We identified 3411 patients with kinase fusions from a cohort of 30 450 patients with lung cancer, and 624
kinase IGR events were identified in 538 of the 3411 patients. The most frequently identified kinase genes included
anaplastic lymphoma kinase (ALK), RET proto-oncogene (RET), ROS proto-oncogene 1 (ROS1), Erb-B2 receptor
tyrosine kinase 2/3 (ERBB2/3), and epidermal growth factor receptor (EGFR). Our data showed that most (67%)
kinase IGRs occurred on the same chromosome and kinase domains remained intact at the 30-end. Approximately
3% (19/624) of the kinase IGRs had one genomic breakpoint located in gene promoter regions, including nine
fusion events involving ALK, RET, ROS1, EGFR, ERBB2, or fibroblast growth factor receptor 3 (FGFR3). Among the
538 patients with kinase IGRs, 167 (31%) lacked oncogenic driver mutations, among which 28 received targeted
therapies in real-world practice. Notably, three ALK IGR patients who harbored no canonical oncogenic aberrations
were confirmed with an EML4-ALK chimeric fusion product by RNA sequencing and/or ALK immunohistochemical
assays. One patient demonstrated a favorable clinical outcome after 14 months on crizotinib. An additional two
patients who had ROS1 IGRs demonstrated a clinical benefit after 13 and 19 months on crizotinib, respectively.
Conclusion: A large real-world lung cancer cohort with kinase IGRs was comprehensively analyzed for their molecular
characteristics. The data indicated the potential oncogenic function of kinase IGRs and their outcomes following the
administration of targeted therapies.
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INTRODUCTION

Since the first identification of an ELM4-anaplastic lym-
phoma kinase (ALK) fusion gene in a non-small-cell lung
cancer (NSCLC) patient in 2007,1 increasing numbers of
kinase fusions have been uncovered with multiple
different partners. Such canonical gene fusions including,
but not limited to, ELM4-ALK,1 CD74-ROS1,2 and CCDC6-
RET3 were identified as oncogenic drivers in multiple
cancer types. Encouragingly, existing targeted therapies,
and tyrosine kinase inhibitors (TKIs)4 in particular, exhibit
favorable responses, and have been approved by the Food
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and Drug Administration for treating fusion-positive pa-
tients. Until now, several companion diagnostic platforms
for the clinical detection of actionable gene fusions have
been used,5,6 including FISH, immunohistochemistry (IHC),
RT-PCR, and next-generation sequencing (NGS). NGS can
evaluate multiple targets simultaneously and its ability to
detect fusion partners and breakpoints has led to the
discovery of novel gene fusions7 that may be potential
oncogenic drivers, especially in cases lacking canonical
mutations or fusions.

Recently, InterGenic-breakpoint Rearrangements (IGRs)
have drawn broad attention, in which at least one break-
point occurs within an intergenic region. Such cases have
reported IGR events in patients with lung cancer, some of
which benefited from targeted therapies, such as crizoti-
nib.8-17 Whether the IGRs detected by DNA sequencing
could result in the production of chimeric coding transcripts
and translate into chimeric fusion proteins, however, is
uncertain, and thus requires RNA and/or protein level
validation.18 Nevertheless, IGRs may still be targetable
typically in cases lacking canonical targets.

Herein, we sought to study the molecular characteristics
of kinase IGR events in a large lung cancer cohort and their
clinical outcomes.
MATERIALS AND METHODS

Patients

A large cohort of lung cancer cases (N ¼ 30 450) was
subjected to comprehensive genomic profiling using tar-
geted NGS of 425 cancer-related genes in a Clinical Labo-
ratory Improvement Amendments-certified, College of
American Pathologists-accredited laboratory (Nanjing
Geneseeq Technology, Jiangsu, China), as previously
described.19 Patients who had kinase IGRs were identified in
our Laboratory Information Management System using a
natural language search program. Patients’ demographic
and clinical data, including age, sex, histology type, patho-
logical stage, and treatment history, were retrospectively
evaluated. This study was approved by the ethics committee
of the First Affiliated Hospital of Zhengzhou University
Hospital, Henan, China. All participants provided written
informed consent before sample collection.
DNA extraction and targeted enrichment

Circulating tumor DNA from plasma was purified using the
Circulating Nucleic Acid Kit (Qiagen, Hilden, Germany)
following the manufacturer’s protocol. Genomic DNA from
white blood cells was extracted using the DNeasy Blood &
Tissue Kit (Qiagen), while formalin-fixed paraffin-embedded
(FFPE) genomic DNA was purified using the QIAamp DNA
FFPE Tissue Kit (Qiagen). All DNA was quantified using the
dsDNA HS Assay Kit on a Qubit Fluorometer (Life Technol-
ogies, Bleiswijk, The Netherlands). Sequencing libraries
were prepared using the KAPA Hyper Prep Kit (KAPA Bio-
systems, Wilmington, MA), as described previously.19

Indexed DNA libraries for all solid tumors were pooled for
2 https://doi.org/10.1016/j.esmoop.2022.100405
probe-based hybridization capture of the targeted 425
cancer-related genes.

Sequence data processing

Sequencing was carried out using the HiSeq 4000 platform
(Illumina, Essex, UK), followed by data analysis, as previ-
ously described.20 In brief, sequencing data were analyzed
by Trimmomatic21 to remove low-quality (quality <15) or N
bases, and were then mapped to the human reference
genome, hg19, using the Burrows-Wheeler Aligner (https://
github.com/lh3/bwa/tree/master/bwakit). PCR duplicates
were removed by Picard (available at https://broadinstitute.
github.io/picard/). The Genome Analysis Toolkit (GATK)
(https://software.broadinstitute.org/gatk/) was used to
perform local realignments around indels and base quality
reassurance. Gene fusions were identified by Factera.22

Somatic single-nucleotide polymorphisms (SNPs) and
indels were analyzed by VarScan223 and Mutect2, with the
mutant allele frequency cut-off at 2% for tissue samples,
0.2% for cell-free DNA samples, and a minimum of three
unique mutant reads. Common SNPs were excluded if they
were present in >1% population frequency in the 1000
Genomes Project or the Exome Aggregation Consortium
65 000 exomes database. The resulting mutation list was
further filtered by an in-house list of recurrent artifacts
based on a normal pool of whole blood samples. The gene
rearrangements, with one breakpoint within a coding re-
gion of kinase genes and the other in an intergenic region,
were identified as kinase IGRs, the allele frequency cut-off
of which was 0.3%.

RNA sequencing

Total RNA from FFPE samples was extracted using the
RNeasy FFPE kit (Qiagen). The total RNA was quantified
using a Bioanalyzer 2100 (Agilent Technologies, Santa Clara,
CA). Ribosomal RNA and residual genomic DNA were
depleted using the KAPA Stranded RNA-Seq Kit (KAPA Bio-
systems) with RiboErase (HMR) and DNase digestion, fol-
lowed by purification using the Agencourt RNA Clean XP
Beads (Beckman Coulter, Beverly, MA) according to the
manufacturer’s protocol. The KAPA Stranded RNA-Seq
Library Preparation Kit was used to construct Illumina-
compatible sequencing libraries, including RNA fragmenta-
tion and priming, double-stranded cDNA synthesis, adaptor
ligation, and PCR amplification.

Sequencing was carried out on Illumina HiSeq NGS plat-
forms (Illumina). To generate sequence reads in the FASTQ
format, base calling was carried out on bcl2fastq v2.16.0.10
(Illumina, Inc.) and quality control was carried out with
Trimmomatic (version 0.33).21 RNA-Seq reads were mapped
to the human genome (hg19, Genome Reference Con-
sortium GRCh37) using STAR (version 2.5.3a)24 to identify
individual exon, intron, and intergenic features. The average
coverage of mapped reads across the base positions of the
feature coordinates was calculated. Gene fusions were
detected and visualized on the Integrative Genomics
Viewer.25
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IHC and assessment

IHC staining was carried out as previously described.26 In
brief, paraffin embedded specimen (4 mm sections) slides
were baked at 65�C for 30 min, then deparaffinized with
xylene and rehydrated with ethanol. For antigen retrieval,
slides were steamed in 1� EDTA (pH 9.0) at 99-100�C for 10
min. Endogenous peroxidase activity was blocked with 3%
hydrogen peroxide for 10 min. The slides were incubated
with an anti-ALK antibody (1/250; D5F3; Cell Signaling
Technology, Danvers, MA) overnight at 4�C in a humidified
chamber. Using the OptView DAB IHC Detection Kit (Model:
6396500001; Roche, Basel, Switzerland), the tissue sections
were treated with biotinylated anti-rabbit secondary anti-
body, followed by further incubation with streptavidin-
horseradish peroxidase. The antigen-antibody complexes
were visualized using 3,30-diaminobenzidine (DAB) and
counterstained with 10% Mayer’s hematoxylin, dehydrated,
and mounted in Crystal Mount. The degree of immuno-
staining of the FFPE sections was reviewed and scored
independently by two pathologists, based on both the
proportion of positively stained tumor cells and the in-
tensity of staining. Tumors with positive staining in >1% of
tumor cells were defined as positive.
RESULTS

The landscape of kinase IGRs in patients with lung cancer

We retrospectively reviewed the mutational profiles of a
large cohort of Chinese patients with lung cancer (N ¼
A total of 30 450 lun
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30 450) whose tumor tissue samples and/or liquid biopsies
were subject to targeted NGS between June 2016 and July
2019. Approximately 11% of the cohort (3411/30 450)
contained kinase gene rearrangements. In particular, a
subset of 538 unique patients (1.8%) were identified to
have kinase IGR events (Figure 1 and Table 1). Kinase IGRs
were detected in diverse sample types, including tumor
tissue (70%) and liquid biopsy specimens (30%). ALK was
the most frequently rearranged kinase gene in the cohort,
accounting for 117 out of the 624 kinase IGRs, followed by
EGFR (54/624, 9%), RET (40/624, 6%), ERBB2 (37/624, 6%),
and ROS1 (26/624, 4%) (Figure 2A). For each kinase IGR, the
detection frequencies in tumor tissues and liquid biopsy
samples were not significantly different (Supplementary
Figure S1, available at https://doi.org/10.1016/j.esmoop.
2022.100405). The other druggable kinase genes, including
FGFRs and NTRK1, were also recurrent in the cohort with
relatively low frequencies (3% and 1%, respectively).

We next examined the genomic position of intergenic
breakpoints. Kinase gene rearrangements often occurred
with intergenic breakpoints on the same chromosome
(67.3%, 420/624), and the majority (71.5%, 446/624) of the
kinase IGRs were 30-kinases (Figure 2B). Notably, clinically
actionable kinase genes, including ALK, EGFR, RET, ERBB2/3,
ROS1, FGFR1/2/3, and NTRK1 were detected in a total of
316 kinase IGRs in 269 patients (Supplementary Table S1,
available at https://doi.org/10.1016/j.esmoop.2022.
100405). Fusions with an intact kinase domain were
observed in 219 kinase IGRs (69.3%, 219/316). In most
cases, the breakpoints spanned the entire coding regions of
g cancer patients 

 with kinase fusions 

nase intergenic fusions
oncogenic alterations
oncogenic alterations
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rgenic    40 intergenic RET 
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Table 1. Clinical characteristics of the study population

Patient information All (N [ 538)

Median age, years (range) 59 (11-96)
Sex, n (%)
Male 289 (53.7)
Female 241 (44.7)
Unknown 8 (1.5)

Lung cancer subtype, n (%)
NSCLC 424 (78.8)
SCLC 7 (1.3)
Not determined 107 (19.9)

Histology cancer type, n (%)
Adenocarcinoma 375 (69.7)
Squamous carcinoma 32 (5.9)
Adenosquamous carcinoma 4 (10.7)
Not determined 127 (23.6)

Stage, n (%)
I 12 (2.2)
II 9 (1.7)
III 20 (3.7)
IV 201 (37.4)
Not determined 296 (55.0)

NSCLC, non-small-cell lung cancer; SCLC, small-cell lung cancer.
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kinase genes, without significant hotspots. In contrast, ALK-
and RET-involved IGR events tended to converge at the
kinase domains. Specifically, 90.6% (106/117) of ALK
breakpoints were located at exon 19/intron 19 and 94.9%
(37/39) of that occurred between intron 10 and intron 11 of
the RET gene. Intergenic breakpoints were rarely recurrent,
however, except for one fusion that fused the intergenic
region between NFYC and KCNQ4 to exon 48 of MTOR.

In addition, we identified 19 kinase IGR events in which a
kinase gene was fused to a promoter region (Figure 3),
including ALK (n ¼ 1), RET (n ¼ 3), ROS1 (n ¼ 2), EGFR
(n ¼ 1), ERBB2 (n ¼ 1), and FGFR3 (n ¼ 1) (Supplementary
Table S2, available at https://doi.org/10.1016/j.esmoop.
2022.100405). ALK, RET, and ROS1 were observed to have
an intact kinase domain in six cases, which may thereby
result in the up-regulation of the oncogenic kinase caused
by the promoter of the upstream fusion partner.
Co-alterations

Analyses of concurrent alterations revealed that 31% of
samples (167/546) lacked any oncogenic alterations
(Figure 4A). EGFR mutations (38.6%) and ALK fusions (6.4%)
were the most frequently detected mutations and structural
variants in the entire cohort, followed by other oncogenic
driver alterations, including TP53 (21.2%), PIK3CA (6.2%),
KRAS (3.3%), ROS1 fusion (1.5%), and RET fusion (1.3%).
EGFR L858R was the most abundant variant, accounting for
36.1% of all EGFR mutations (Figure 4B). To gain an un-
derstanding of the therapeutic implications of the drug-
gable kinase IGRs, we focused on a total of 275 samples
collected from 269 patients (Supplementary Table S1,
available at https://doi.org/10.1016/j.esmoop.2022.
100405), which were classified into three categories:
treatment-naïve (Figure 4C, N ¼ 25), formally-treated
4 https://doi.org/10.1016/j.esmoop.2022.100405
(Figure 4D, N ¼ 132), and treatment history unknown
(Figure 4E, N ¼ 118). In the treatment-naïve and treatment
history unknown subgroups, the majority of kinase IGRs
were detected in tissue samples (treatment-naïve: 22/25,
88%; unknown: 94/118, 80%). Relatively equal tissue and
liquid samples were analyzed in the formally-treated sub-
group (tissue: 65 versus liquid: 67); however, no significant
differences in kinase IGR frequencies were found between
tissue and liquid biopsies in all three categories. Consistent
throughout the entire cohort, EGFR and TP53 were the
most frequently mutated genes in all three categories.

Notably, kinase IGRs were detected in 13 treatment-naïve
samples (52%) that had no accompanying oncogenic driver
mutations or canonical structural variants (IGR alone).
Among them, one patient (patient 6: ALK IGR) received
crizotinib treatment based on the NGS results, which led to
a 14-month clinical benefit.

Clinical outcomes of targeted therapies in patients with
ALK and ROS1 IGRs

Among the 167 patients containing kinase IGRs without
oncogenic alterations, 28 patients received targeted thera-
pies in real-world practice. In particular, targeted treat-
ments were administrated in six patients after kinase IGR
detection, and three of which exhibited a favorable
response from crizotinib (Figure 5A, D, and E). Therefore,
the clinical significance of kinase intergenic fusions
remained to be determined. Alternative detection methods
such as RNA sequencing, IHC, or FISH are typically recom-
mended to validate the presence of functional fusion
products. As shown in Table 2, one patient, patient 6
(Figure 5A), who was diagnosed with NSCLC in March 2017,
underwent surgical removal and received six cycles of
adjuvant chemotherapy (pemetrexed and cisplatin). An ALK
IGR, of which the 50 intergenic breakpoint was located
downstream of LPIN1 on chromosome 2, was identified in
the patient’s tumor tissue, without any other concomitant
oncogenic alterations. RNA sequencing further revealed
messenger RNA transcripts of EML4-ALK in the same tumor
sample, and the patient demonstrated clinical benefits from
crizotinib (14 months) and alectinib. A similar observation
was also made in a second patient (as shown in Table 2),
patient 145 (Figure 5B), who harbored an ALK IGR, without
other known oncogenic mutations. Patient 145 experienced
a 5-month stable disease following crizotinib treatment,
before the discovery and validation of an EML4-ALK fusion
by RNA sequencing and IHC in the patient’s primary tumor
tissue (Figure 5C).

Furthermore, we also observed favorable clinical out-
comes in two other patients who harbored ROS1 IGRs. As
shown in Figure 5D and E, after the failure of multiple lines
of chemotherapy, patients 32 and 11 underwent targeted
NGS which uncovered a ROS1 IGR, but without any other
canonical oncogenic mutations. ROS1 was fused to the
promoter region of P2RX4, which may have up-regulated
the expression of the ROS1 kinase domain. Both patient
Volume 7 - Issue 2 - 2022
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32 and patient 11 achieved favorable clinical benefits from
crizotinib treatment for 13 and 19 months, respectively.
Neither case, however, was validated by alternative ap-
proaches due to sample shortages.

DISCUSSION

The largest lung cancer IGR cohort was reported in this
study. We sought to investigate the molecular characteris-
tics and the clinical applications of these rarely detected
gene rearrangements in a real-world setting. Consistent
with previous studies, ALK IGR was detected with the
highest incidence in our cohort. Interestingly, all of the 10
actionable kinases were detected with only one type of
rearrangement, either 50- or 30-kinase. Moreover, the 30-
kinase rearrangements tended to retain the intact kinase
domain. It is possible that the kinase domain in these
proteins was localized to the C-terminus, which was more
likely to be retained when the gene was rearranged to the
30-end of the IGR.

We also paid particular attention to breakpoints within
promoter regions. The rearrangements causing the trans-
location of promoter regions were reported to up-regulate
gene expression in specific diseases such as medulloblas-
toma27 and aromatase excess syndrome.28 In the entire
cohort, 3.0% (19/624) of IGRs were promoter-involved rear-
rangements and a similar proportion (2.8%, 9/316) was
Volume 7 - Issue 2 - 2022
observed in the subgroup of the 10 actionable kinase-
involved IGRs. Furthermore, six of the nine promoters were
rearranged with the intact kinase domain of ALK, RET, and
ROS1, and thus, we focused on these gene promoters. For
example, RNF144A, whose promoter was fused with ALK ki-
nase domain in our study, is a tumor suppressor gene that is
epigenetically silenced by promoter hypermethylation in
patients with breast cancer.29 Whereas in ovarian cancer,
KRCC1 was found to be highly expressed and associated with
poor prognosis.30 We identified one IGR in which the KRCC1
promoter and the RET kinase domain were rearranged
together. The third example was a ROS1 IGR where the intact
kinase domain of ROS1 was fused to the promoter ofMAGI1.
MAGI1 acts as a tumor suppressor in multiple cancer types,
such as colorectal cancer,31 gastric cancer,32 and estrogen
receptor-positive breast cancer.33 Thus, it would be of great
value to quantify the expression of these IGRs to further
investigate the outcome of promoter-involved IGRs at the
RNA and/or protein level. To comprehensively study the dis-
covery of IGR events in lung cancer, we searched PubMed
publications and conference abstracts for reports of inter-
genic fusion cases. By June 2021, a total of 74 IGR cases were
identified by DNA-based NGS in 19 single-case reports or
cohort studies8-17,34-42 (Supplementary Table S3, available at
https://doi.org/10.1016/j.esmoop.2022.100405). Fifty-three
of those cases were ALK fusions. Additionally, IHC, which is
https://doi.org/10.1016/j.esmoop.2022.100405 5
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Figure 3. Circos plots for the 10 actionable kinase gene IGRs.
(A-J) The circos plot for each kinase gene IGR. From outside to inside: track 1 is the chromosome annotation. Track 2 with a light-yellow shade represents the intactness
of the kinase domain of the IGR (intact: red bars in the outer layer; non-intact: blue bars in the inner layer). Track 3 shows the intra-chromosomal rearrangements
colored in light blue. The green lines in track 4 are the inter-chromosomal IGRs. The IGRs with promoter involvement are colored in orange with the gene promoter
labeled. (K) All of the promoter-involved IGRs are shown. The actionable kinase genes are highlighted (ALK: olive green, ERBB2: yellow, EGFR: red, RET: light blue, ROS1:
teal, and FGFR3: burgundy) and the rest are colored in green.
ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor; ERBB2, Erb-B2 receptor tyrosine kinase 2; FGFR3, fibroblast growth factor receptor 3; RET,
RET proto-oncogene; ROS1, ROS proto-oncogene 1.
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the most frequently used validation method for chimeric
fusion products, was applied in 12 of the publications.
Notably, 17 patients with ALK IGRs responded to ALK-TKIs (14
were treated with crizotinib, 1 with alectinib, 1 with ensar-
tinib, and 1 with crizotinib and alectinib) with partial re-
sponses, 11 of which were validated by IHC.The remaining six
cases that responded to ALK-TKIs were not validated by any
RNA or protein level methods. Surprisingly, three cases with
positive FISH or IHC results showed no response to crizotinib.
The remaining 54 patients were not exposed to crizotinib or
their treatment information was not available. Taken
together, the IGR cases in patients with lung cancer were
rarely reported and it is not possible to predict prognosis
following targeted therapies.

In a retrospective study with IHC/FISH-confirmed ALK-
positive NSCLC patients, ALK IGR was detected by DNA
(A) Proportion of samples from the entire cohort with only IGR (31%, 167/546), ca
oncogenic driver alterations (8%, 44/546). (B) The proportion of selected oncogenic
treatment-naïve, (D) formally-treated, and (E) treatment information unavailable samp
each category, samples were classified into four subgroups: IGR alone (golden), conc
and both MUT and SV (purple). Different alterations are represented in different co
subtype, tumor histology, disease stage, and treatment information (if available), as
IGR, intergenic-breakpoint rearrangement; NSCLC, non-small-cell lung cancer; SCLC,
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NGS in 15 patients and the median progression-free sur-
vival of those who received first-line crizotinib did not
significantly differ from others with known partners of ALK
gene rearrangements, suggesting the potential role of ALK
IGR as a therapeutic target for ALK inhibitors.40 The ma-
jority of samples in our database (84.1%, 132/157), how-
ever, were collected after disease progression with the
physician’s treatment choice. Therefore, we only identified
three IGRs without any canonical driver mutations and
structural variants before targeted therapies. With the
available sample from one of the three cases, the EML4-
ALK fusion was identified by RNA sequencing resulting
from the ALK IGR. This case indicated the existence of a
complicated splicing mechanism that could transcribe IGRs
into functional chimeric RNAs. As expected, the patient
achieved a favorable response to crizotinib for 14 months.
nonical oncogenic driver alterations listed in Figure 4B (61%, 335/546), or other
driver alterations in the entire cohort. The detailed concurrent alterations of (C)
les with actionable kinase intergenic fusions are shown by the oncoprint plots. For
urrent with MUT (canonical driver mutation) (green), SV (structure variant) (red),
lors, as shown in the legend. Top annotations include the sample type, cancer
shown in the legend.
small-cell lung cancer.
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Table 2. RNA sequencing and IHC validation of four ALK IGRs and their clinical outcomes

Patient DNA level ALK IGR RNA sequencing ALK IHC ALK-TKI exposure Best response

6 Downstream LPIN1wALK:intron19 þ NA Crizotinib alectinib Partial response
81 Upstream TMEM178AwALK:intron19 NA þ NA NA
145 Downstream TSNwALK:intron19; upstream

MMADHCwALK:intron19
þ þ Crizotinib Stable disease

198 Upstream ABHD2wALK:intron19 þ þ NA NA

ALK, anaplastic lymphoma kinase; IGR, intergenic-breakpoint rearrangement.

Y. Yao et al. ESMO Open
Due to the unavailability of sufficient samples for further
RNA- or protein level tests, however, whether the majority
of kinase IGR events produced chimeric fusions is un-
known and is one of the limitations of this retrospective
study. Thus, it was not possible to determine the presence
or absence of fused transcripts and/or proteins in this
study. Furthermore, we identified w0.5% (167/30 450) of
patients who carried kinase IGRs without oncogenic mu-
tations. With the broader application of TKIs for treating
fusion-positive patients, we believe that the DNA level
detection of kinase IGRs should be considered when
administrating targeted therapies, especially when no ca-
nonical biomarkers are detected. Of note, other RNA/
protein level examinations to confirm the production of
gene fusions are also strongly recommended.

Another limitation of this study was the lack of paired
tissue and liquid biopsy samples collected simultaneously
from the same patient to evaluate the consistency of kinase
IGR detection. The frequencies of kinase IGRs detected in
tissue samples and liquid biopsies, however, were not
significantly different in the entire cohort. ALK IGR was the
most frequent in tissue samples and liquid biopsies, fol-
lowed by EGFR and RET IGRs.
Conclusion

IGR is rarely detected and reported in patients with lung
cancer, with very limited clinical information available. Our
study substantially expanded the dataset of NGS-detected
IGRs in a real-world setting. Using comprehensive molecu-
lar analyses and clinical information, we reported on the
potential of IGRs to serve as the druggable targets, how-
ever, further validation at the RNA and/or protein levels is
highly recommended.
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