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Abstract: Background: Gene fusions occur when two independent genes form a hybrid gene through
genomic rearrangements, which often leads to abnormal expression and function of an encoded
protein. In hematological and solid cancers, oncogenic fusions may be prognostic, diagnostic, or
therapeutic biomarkers. Improved detection and understanding of the functional implications of
such fusions may be beneficial for patient care. Methods: We performed a retrospective analysis of
our internal genomic database to identify known and novel gene fusions in different solid tumors
seen in our community cancer center. We then investigated the clinical implications of the fusions
we identified. Results: We identified 420 known oncogenic fusions and 25 unclassified gene fusions
across twenty-six different cancer types. Of 420 fusion-positive tumors with known fusions, there
were 366 unique gene fusions. Conclusions: About 10% of tumors investigated had oncogenic fusions,
which supports the notion that comprehensive molecular profiling, including RNA sequencing,
should be provided for patients with advanced cancers.

Keywords: oncogenic fusions; structural variants; cancer genomics; tumor molecular profiling;
oncology precision medicine

1. Introduction

Precision medicine programs seek to develop more targeted treatments with greater
effectiveness and less toxicity to patients. Gene fusions occur when two independent
genes form a hybrid gene through genomic rearrangements, which often leads to ab-
normal expression and function of their produced proteins. This is caused by genomic
rearrangements including deletions, duplications, inversions, and translocation events [1].
Gene fusions may be identified in solid tumors or hematological malignancies and are
therapeutic targets of interest. The most common genetic alteration in prostate cancer
is the TMPRSS2-ERG gene fusion, and about 90% of all lymphomas and over half of all
leukemias have translocation-induced gene fusions. The expression of gene fusions also
predicts cancer recurrence after surgery for some localized cancers as well as resistance or
responsiveness to therapies [2,3]. Gene fusions affect many aspects of cancer cell biology,
including self-renewal and differentiation as well as tumorigenicity [4]. Drugs targeting the
oncogenic gain of function fusions have been proven to be effective in the case of NTRK1,
NTRK2, NTRK3, ALK, RET, and FGFR fusions [5,6]. Gene fusions in oncogenes such as RAF,
ALK, and FGFR have been reported in different epithelial tumors, and some tumor-specific
gene fusions are defined as therapeutic, diagnostic, or prognostic biomarkers [7]. Thus,
detecting gene fusion events and a better understanding of the potential oncogenic fusions
are vital to the goal of precision medicine in developing drugs with higher efficacy. In
addition to BRAF and EGFR mutations, ROS1 and ALK fusions have been reported in
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non-small cell lung cancers. ALK-EML4 fusions have been reported in 2–7% of patients
with advanced non-small cell lung cancer [8]. ALK inhibitors are approved to treat these
patients: crizotinib was the first approved targeted therapy, whereas lorlatinib, alectinib,
brigatinib, ceritinib, and alectinib are the next generation of ALK inhibitors, and there are
ongoing clinical trials to target these fusions and overcome resistance.

As mentioned, the molecular mechanisms of gene fusions include the following
possible rearrangements: translocations, insertions, deletions, tandem duplications, or
inversions [9]. Translocations are caused by exchanges of DNA sequences without the ad-
dition or subtraction of genetic information between two different chromosomes (balanced
translocation), or a similar exchange where there is extra or missing genetic information
(unbalanced translocation). Insertions are rearrangements caused by movement of DNA
fragments from one region to another, either within the same chromosome (intrachromo-
somal insertion) or from one to another (nonreciprocal translocation). Deletions result in
the fusion of two genes when regions between them are deleted. Tandem duplications are
caused by the duplication of a genomic region, which results in a fusion with a gene within
the original region. Last, inversions arise when chromosomal segments flip, resulting in
the tail-to-tail or head-to-head fusion of genes.

Gene fusions can influence the biology of tumors through various mechanisms, in-
cluding overexpression through promoter exchange or linking open reading frames to
transcriptional control elements, such as in TMPRSS2 fusions, which we observed in our
cohort in patients with prostate cancer. Other fusions can cause truncations, resulting in
the loss of regulatory microRNA binding sites, which leads to the overexpression of its
regulated proteins, as is the case in NFIB-MYB or FGFR3-TACC3 fusions, which we also
observed in our cohort. Yet, a third mechanism by which gene fusions affect biological
function is the interruption of intrinsic control mechanisms, which leads to the consti-
tutive activation of proteins and downstream signaling pathways, such as in BCR-ABL1
(Supplemental Table S1) [9].

Fusions in three tropomyosin receptor kinases (TRK) have been identified in different
tumor types in pediatric and adult-onset tumors. Fusions in NTRK genes lead to TRK
activation and oncogenic transformation. Previous studies have evaluated the safety
and efficacy of loratrectenib, a selective TRK inhibitor, in fusion-positive tumors. The
overall response rate was 75% (95% confidence interval, 61 to 85) [10]. A basket trial also
showed the efficacy of treating all tumor types with NTRK fusions with larotrectinib [11].
Larotrectenib was approved by the FDA in November 2018 for all solid tumors harboring
one NTRK gene fusion regardless of their tumor type. Entrectinib is another TRK inhibitor
targeting NTRK gene fusions that has the capacity to penetrate the blood–brain barrier. The
authors reported that 57% of patients showed an objective response (95% CI 43.2–70.8) [12].
Entrectinib was approved in August 2019 for pediatric and adult patients with NTRK gene
fusions. The FDA also approved entrectinib for adult patients with tumors who harbor
ROS1 fusions with metastatic non-small cell lung cancer.

Selpercatinib is a small-molecule RET kinase inhibitor that was approved in September
2022 for adult patients with metastatic solid tumors whose tumors harbor RET fusions.
Selpercatinib showed durable activity in patients with non-small lung cancer and an RET
fusion with a 90% objective response rate among 39 patients (95% CI 75.8–97.1) [13]. In
addition, patients with medullary thyroid cancer and RET mutations had a 62% objective
response rate [14]. BCR-ABL fusions are present in more than 90% of patients with chronic
myeloid leukemia (CML) [15]. Tyrosine kinase inhibitors (TKIs) are the main therapy
options for patients with CML, including imatinib, nilotinib, dasatinib, ponatinib, and
bosutinib [16].

Advancements in sequencing technologies have made it easier to detect structural
anomalies in relevant cancer genes and for physicians to prescribe specific therapies to
treat them [17]. An accompanied continuous development of centralized, open-access
bioinformatic resources has also augmented the conduct of cancer research by allowing
for the exploration, analysis, and visualization of cancer genomic datasets with relative
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ease [18,19]. For example, the cBio Cancer Genomics Portal provides large-scale clinical data
and molecular profiles of patients in a user-friendly interface to support cancer researchers
in managing the overwhelming influx of genomic data. In recent years, concerted efforts
have also been made to facilitate the sharing of genomic and clinical data, such as the
American Association for Cancer Research (AACR) GENIE (Genomics, Evidence, Neoplasia,
Information Exchange) project [20], to accelerate the mission of precision oncology by
encouraging cross-institutional collaboration. Since its initial release, Project GENIE has
released clinical and genomic data from over 100,000 patients, promoting the dissemination
of information that has impacted cancer patients’ treatment [21].

Despite some movement toward centralization, most patients still primarily receive
healthcare through community health centers, so community cancer centers maintain a
crucial role in advancing precision oncology [22]. Herein, we retrospectively examine the
prevalence of gene fusions reported in solid tumors in our internal genomics database
and correlate fusion events with instances of tumor diagnoses to better understand the
relationship between gene fusions and associated pathologies.

2. Materials and Methods
2.1. Next-Generation Sequencing and Database Development

Our community cancer center in Orange County, CA provides care for a diverse pop-
ulation of patients and has built a private internal instance of the cBioPortal for Cancer
Genomics database, made possible through a collaboration with a biomedical informatics
company (The Hyve, The Netherlands), which facilitates rapid exploration of our patients’
DNA and RNA sequencing profiles. This includes data from whole-exome and transcrip-
tome sequencing, which allows for the unbiased discovery of actionable gene alterations,
such as gene fusion events [23].

The present study was conducted in accordance with the guidelines of the Declara-
tion of Helsinki, the Belmont Report, and US Common Rule. In compliance with policy
45 CFR 46.101(b), this study was conducted using retrospective, de-identified clinical
data, and patient consent was not required. We retrospectively analyzed our cBioPortal
database for gene fusions identified by DNA and RNA next-generation sequencing (NGS)
of formalin-fixed paraffin-embedded (FFPE) tissue samples derived from solid tumors
through a Clinical Laboratory Improvement Amendments (CLIA) and College of American
Pathologists (CAP) commercial lab (Caris Life Sciences, Phoenix, AZ, USA) from 2016 to
2022. As described before [5], for RNA sequencing, an RNA-based targeted capture panel
of 52 genes with the ability to detect fusions and three variant transcripts was used until
2019, after which whole transcriptome sequencing was performed. FFPE specimens were
closely reviewed by a pathologist to confirm the tumor size and content. The lab required a
minimum of 20% tumor content to enable the extraction of tumor-specific RNA. A Qiagen
RNA FFPE—a tissue extraction kit—was used for extraction, and the RNA quality and
quantity were determined using the Agilent TapeStation. Additional biomarkers were
evaluated using a DNA-based next-generation sequencing panel of 592 genes, including
tumor mutational burden (TMB) and microsatellite instability (MSI), with a transition to
whole-exome sequencing after 2019. Prior to molecular testing, tumor enrichment was
achieved by harvesting targeted tissue using manual microdissection techniques.

2.2. Immunohistochemistry

In addition, again as before [5], PD-L1 protein expression was evaluated by immuno-
histochemistry (IHC). IHC was performed on full formalin-fixed paraffin-embedded (FFPE)
sections of glass slides. Slides were stained using the Agilent DAKO Link 48 (Santa Clara,
CA, USA) automated platform and staining techniques, per the manufacturer’s instructions,
and were optimized and validated per CLIA/CAP and ISO requirements. Staining was
scored for intensity (0 = no staining; 1+ = weak staining; 2+ = moderate staining; 3+ = strong
staining) and staining percentage (0–100%). PD-L1 antibody (SP142 or 28-8 clones) staining
results were categorized as positive (≥1+ and ≥1% tumor cells) or negative (0 or 0%).
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Tumor Mutational Burden (TMB) was measured by counting all non-synonymous
missense, nonsense, in-frame insertion/deletion, and frameshift mutations found per tumor
that had not been previously described as germline alterations in dbSNP151, Genome Aggre-
gation Database (gnomAD) databases, or benign variants identified by Caris’s geneticists.

2.3. Data Analysis and Curation

Raw data were demultiplexed using the Illumina DRAGEN FFPE accelerator. FASTQ
files were aligned with STAR aligner (Alex Dobin, release 2.7.4a GitHub). A full 22,948-
gene dataset of expression data was produced by Salmon, as previously described [5,24].
Unclassified gene fusions refer to those not previously reported during the literature review,
due to the lack of standardized classification guidelines. Tumor samples were queried
for the presence of gene fusions, from which we divided the identified fusion-positive
samples into two groups based on the presence or absence of annotations on a precision
oncology knowledge base, OncoKB [25]: (1) known oncogenic fusions and (2) unclassified
gene fusions, respectively. Annotations are based on biological consequences and clinical
implications, including Diagnostic, Prognostic, Therapeutic, and Resistance to Treatment.
Known oncogenic fusions were verified by cross-referencing to an NCI-supported database
of chromosome aberrations and gene fusions in cancer [26].

3. Results
3.1. Identification of Gene Fusion Events across Cancer Types

We retrospectively analyzed 4415 tumor samples from which we identified 420 known
oncogenic fusions (Supplemental Table S1). Twenty-six different cancer types had reported
oncogenic fusions, which occurred most often in ovarian adenocarcinoma (N = 62/420;
14.8%), followed by non-small cell lung cancer (NSCLC) (N = 55/420; 13.1%), prostate
cancer (N = 48/420; 11.4%), breast cancer (N = 46/420; 10.9%), glioblastoma (N = 35/420;
8.3%), and colorectal cancer (N = 22/420; 5.2%) (Figure 1). We identified EML4-ALK
fusions in 13 tumor samples and KIF5B-RET fusions in 9 tumor samples, all in NSCLC.
We identified 18 fusions in soft tissue sarcomas, including those that are the hallmark of
synovial sarcomas, such as SS18-SSX1 and SS18-SSX2. The most common fusions identified
were TMPRSS2-ERG in prostatic tumor samples (N = 18/89, 20.2% prevalence), which has
been previously reported as a common oncogenic fusion in prostate cancer [27].
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Figure 1. Distribution of reported classified fusions by cancer type. Cancer groups with fewer than
11 reported fusions were categorized as “Other” (including esophageal, melanoma, cholangiocarci-
noma, pancreatic, thyroid, neuroendocrine, cervical, salivary gland, kidney, hepatocellular, small cell
lung, thymic, gastric, low-grade glioma, and gastrointestinal). Fusion prevalence by tumor site is
available in Supplementary Table S1.
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Of 420 fusion-positive tumors with known fusions, 55 of them had gene fusions that
reoccurred across multiple patients (for example, 18 instances of TMPRSS-ERG2, 13 of
EML4-ALK, 9 of KIF5B-RET, 4 of YAF2-RYBP, 3 of FGFR3-TACC3, 2 of EPC1-EED, 2 of
SS18-SSX2, 2 of ESR1-CCDC170, 2 of FUBP1-USP33) and 365 were only observed once
each within our cohort. Of these fusions, 71 (19.45%) had clinical implications. Four of
those (1.09%) had diagnostic, six (1.64%) had prognostic, fifty-six (15.3%) had therapeutic
implications, and five (1.37%) were resistant to treatment.

In addition, we identified 25 unclassified gene fusions, most of which were identified
in breast and prostate and the least of which were identified in salivary and head and
neck tumor samples (Table 1). Twelve patients showed recurrent unclassified gene fusions,
which were selected for further investigation of their clinical implications (Supplemental
Table S2). The gene breakpoints, junction reads, and fusion topology were explored and
compared to known gene functions and associations with oncologic or other diseases.
Two in-frame fusions were discovered in clinically relevant genes, both in breast cancers:
BMPR1B-PDLIM5, involving exon 10 of BMPR1B with exon 4 of PDLIM5, which likely
arises from a deletion event. We suspect this is the case because the region of the gene fusion
is on the same chromosome and both are plus strands, which would result when regions
between the two were deleted. NIPBL-PIEZO1 involving exon 10 of NIPBL with exon 23 of
PIEZO1 likely arises from a translocation event, since the fusion break points were on the
plus strand of Chromosome 5 and minus strand of Chromosome 16, respectively, resulting
in an in-frame fusion transcript. It is highly likely to be a translocation event considering
that the break points were on different chromosomes, so the two genes would otherwise
not have fused, since they would not be adjacent without a chromosomal translocation.

Table 1. Unclassified gene fusions identified in our cohort (number per total unclassified
gene fusions).

Tumor Type
(Total # of Samples Profiled) Fusion-Positive Samples Unclassified Gene Fusions

Prostate adenocarcinoma (89) 8 (32%)
BMPR1B-PDLIM5 (2 patients), CDC13-SUGCT,

NIPBL-RAI14, TTC6-MIPOL1, NFIB-UBE3B,
GALNT7-SPOCK3, TBCA-AP3B1

Breast cancer (224) 8 (32%)
NIPBL-PIEZO1, ETV6-RINT1, PAK1-TEX14,

PAK1-MMP20, PAK1-LOC101928896,
TTC6-MIPOL1, BMPR1B-PDLIM5, CMTM8-OSBPL10

Non-small cell lung cancer (751) 4 (16%) PANX1-PRPF19 (2 patients), TTC6-MIPOL1,
GALNT7-SMIM8

Head and neck cancer (177) 2 (8%) ETV6-DNAH14, TP53BP1-SND1
Salivary gland tumor (22) 1 (4%) NFIB-CHCHD7

Pancreatic adenocarcinoma (186) 1 (4%) CMTM8-GPD1L
Ovarian cancer (362) 1 (4%) NIPBL-SLC1A3

Total Number of Fusions 25

3.2. Detection of Co-Mutations Associated with Unclassified Gene Fusions

Co-occurring genomic alterations, especially in tumor suppressor genes like TP53,
contribute to the molecular heterogeneity of oncogene-driven cancers [28,29]. To explore the
heterogeneity of tumor samples with unclassified gene fusions, we searched for genomic
co-alterations and observed them in 16 of the 25 (64%) samples. Co-occurring mutations in
two or more genes per tumor were identified in 9 of 25 (36%) samples.

Though some samples showed high tumor mutational burdens (TMB-H) and positive
PD-L1 expression (PD-L1+), they were observed concurrently in only one sample (Figure 2).
All tumor samples had microsatellite stability and proficient mismatch repair status.
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Figure 2. Co-occurring genomic mutations (MT denotes mutations in columns) were identified
in unclassified gene-fusion-positive samples. TP53 mutations are the most common co-occurring
mutations, with all samples showing microsatellite stability and proficient mismatch repair status
(Supplemental Data).

4. Discussion

As commercial labs now offer whole-exome and transcriptome somatic sequencing,
previously unreported fusions are identified. Consequently, we concluded that it would be
important to examine the utility of molecular profiling in identifying known oncogenic and
novel gene fusions in solid tumors across many cancer types from a large, real-world cohort.
The identification of oncogenic fusions, particularly unclassified gene fusions, is essential in
developing novel therapies and maximizing the efficacy of existing treatments. The cost of
DNA sequencing had proven to be a barrier for its combined utility with RNA sequencing
in the past, but using them in tandem is necessary for discovering unclassified gene fusions
and is now feasible due to its exponential decrease in cost over the past two decades. With
DNA sequencing, we are able to identify the genomic breakpoints (Supplemental Table S2),
and then corroborate these variants at the transcriptomic level with RNA sequencing,
where we are able to see expression or loss of expression for any given variant [30].

Unclassified gene fusion events were identified in a small subset of tumor samples,
occurring in 25 of 4415 (0.57%) of our samples, while known oncogenic fusions were
more common at a prevalence of 9.5%. Though the fusions we identified are generally
of low frequency within these samples, other low-frequency fusions have been reported
to have significant functional effects on cancer predisposition, tumor growth, and drug
sensitivity [31]. Further, this highlights how including a wide variety of tumor types, with
some types having vastly greater numbers of samples than others, might skew the preva-
lence of fusions. This is one limitation of our present study, as the true prevalence might be
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different if all tumor types had equal representation in their sample size. For example, in
the case of NTRK fusions, some pediatric cancer types have a high prevalence (>90%), such
as in infantile fibrosarcoma, congenital mesoblastic nephroma, and secretory carcinoma,
while others have a much lower prevalence (5–26%), such as in pediatric papillary thyroid
carcinomas and in a subset of pediatric gliomas [32]. Other possible limitations of our study
include a lack of specific demographic information (such as race and ethnicity), information
on treatment outcomes in response to targeted therapies, and detailed clinical history and
staging. In addition, we have two different sequencing methodologies in the detection of
gene fusions due to the length of the study and the advancement of the technology. This
could lead to an underestimation of the prevalence of the fusions as the primary set of data
was based on an RNA gene panel and not whole-exome sequencing.

Two novel fusions that may have clinical implications are reported here. The first,
BMPR1B-PDLIM5, appears to be generated from a deletion event involving BMPR1 and
PDLIM5 genes. BMPR1B is part of the TGF-Beta superfamily of receptors and has several
inherited conditions arising from the loss of function (MIM number 603248) [33]. While
TGF-Beta and other BMP factors, such as BMPR1A, have known roles in oncogenesis [34],
the role of BMPR1B gene fusions and their protein products in cancer biology is largely
unknown. Further, while gain-of-function gene fusions such as NTRK fusions benefit
from existing guidelines or recommendations for their detection and reporting [35,36],
similar standardized methods do not exist to date for loss-of-function gene fusions. There
are expert panel working groups currently working on guidelines in the classification
of oncogenic gene fusions that lead to gain of function. The NTRK fusion standardized
classification guidelines take into account the 3′ fusion partner if the fusion is in frame,
and if the kinase domain is intact [36]. Similar work is underway for other oncogenic
fusions by expert panels. However, in the meantime, the classification of the suspected
oncogenic fusions is based on laboratory-developed test internal guidelines [37]. Both
gain-of-function and loss-of-function gene fusion events are in dire need for standardized
guidelines published by expert groups. Although it would be out of the scope of this report,
future plans include suggesting standardized methods for the detection and reporting of
loss-of-function gene fusions, such as the reported BMPR1B-PDLIM5 fusion.

The second fusion of interest involves an in-frame NIPBL-PIEZO1 fusion, likely arising
from a translocation event. The NIPBL gene encodes for the Nipped-B-like protein, which is
a known essential regulator of the cohesin complex function (MIM number 608667). NIPBL
germline loss-of-function mutations are the most common alterations associated with the
Cornelia de Lange developmental syndrome, a devastating germline genetic multisystem
malformation syndrome [38]. Recent studies have implicated NIPBL in tumorigenesis,
with evidence suggesting that loss-of-function mutations and possibly overexpression
of NIPBL may promote cancer cell growth and survival. In addition to disease model
studies, a unique “cholangioblastic” variant of cholangiocarcinoma is characterized by a
similar in-frame NIPBL-NACC1 fusion involving exon 8 of NIPBL [39–41]. Other studies
show high rates of overexpression of NIPBL mRNA in up to 31% of non-small cell lung
cancers [42]. However, the potential of NIPBL as a therapeutic target in cancer has not
been thoroughly explored. It is uncertain if NIPBL functions as an oncogene or tumor
suppressor or perhaps has pleiotropic effects depending on tumor and mutational contexts.
Interestingly, other components of the cohesin complex, mainly STAG2, are being evaluated
as potential therapeutic targets and biomarkers in cancers due to demonstrated associations
with aggressive clinical behaviors and resistance to chemotherapy. Furthermore, cohesin
complexes have been shown to regulate the expression of components important for
immune responses, such as IFN-Gamma. Most recently, a deficiency of NIPBL has been
shown to cause the upregulation of endogenous retroviruses and lead to the stimulation of
PD-L1 expression and thus presents a potential mechanism for cancer immune evasion [43].
Further investigation of the role of NIPBL in cancer is warranted to understand and validate
its potential as a therapeutic target. In addition, it will be important to assess expression
levels of NIPBL and patterns of mutations across various cancer types.



Biologics 2023, 3 205

Over 60% of unclassified gene fusions we observed had co-occurring mutations in
other genes separate from their fusions, including mutated BRCA2, PIK3CA, and CDH1
genes. Co-occurring mutations, especially in tumor suppressor genes such as TP53 and
STK11, have been reported as key characteristics of oncogene-driven cancers, such as
non-small cell lung cancer [29]. In our own cohort, we observe one non-small cell lung
tumor with an unclassified gene fusion (GALNT7-SMIM8), which also harbors co-occurring
mutations in TP53 and STK11. One possible explanation for the co-occurrence of mutations
in other genes in combination with gene fusions is the co-selection of oncogenic alterations,
where one early event influences the genetic trajectory and results in subsequent alterations.
This is supported by the existence of distinct patterns of co-occurring alterations, which
depend on specific oncogenic drivers [44,45]. Another explanation for the co-occurrence of
mutations is the compounding nature of the effects of oncogenic mutations. That is, the
simultaneous occurrence of specific mutations could have a stronger impact than the single
mutations alone. This compounding effect can be seen in TP53 and KRAS mutations in
pancreatic adenocarcinoma, where the disease-specific survival is significantly affected
when both are mutated as compared to either one on its own [46]. When mutations
emerge concurrently in the same tumor, the cooperative effects have the potential to change
the immune microenvironment, resistance or responsiveness to therapies, and tumor
metastasis [29]. Though not all fusion-positive tumor samples had co-occurring mutations,
those that did often had multiple co-occurring mutations, which affirms this compounding
effect. Thus, the identification of co-occurring mutations can provide additional insight
into the personalized treatment of various cancer types. In addition, we observed PD-L1
overexpression in 7 of 25 (28%) of our unclassified gene fusion samples, which is consistent
with previous reports across certain cancer types [47,48].

Gene fusions represent promising targets that can be useful for identifying patients
who qualify for FDA-approved therapies or enrollment in clinical trials, which could be
beneficial for patients with cancer. Despite the progress in recent years in their identification
and development as informative biomarkers, however, there remain some disadvantages
to their use in clinical practice. One of the major obstacles remaining is the need for the
standardization in their discovery and validation, particularly for novel gene fusions. Es-
tablishing a standardized procedure for target validation would help clarify any ambiguity
on whether or not their molecular targeting would be helpful for patients. Though future
functional validation of all structural variants identified is required and beyond the scope
of this study, the number of fusions identified within our patient population indicates that
oncogenic fusions are not as rare as previously thought and may be more important in
pathogenesis than expected. The low number of fusion events with clinical implications
in available knowledge bases supports the notion that actionable targets are rare. Further-
more, this also suggests that there could be potential to explore how novel fusions might
be leveraged to improve patient care and the design of future clinical trials.

5. Conclusions

In our cohort, 9.5% of analyzed tumors had oncogenic gene fusion events that may
be of clinical relevance. This suggests that patients with advanced cancers would benefit
from comprehensive molecular profiling, including RNA sequencing. Additional studies
are needed to determine the functional consequences of the identified unclassified gene
fusions to assess potential clinical significance. Due to the lack of standardized fusion gene
classification guidelines, further research collaboration is needed to establish classification
guidelines to better understand their function and role in cancer development. Once the
guidelines are established, these events could be reported with more confidence.

Our study further highlights the relationship between co-occurring gene mutations
and gene fusion events in specific types of cancer in a private community cancer center in
Southern California. The data should assist clinicians in making decisions regarding patient
treatment and inclusion in clinical trials. Further, we identified unclassified fusion events
that have the potential for additional translational research studies and further clinical
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application. The FDA has approved drugs targeting oncogenic fusions for pan-tumor
indications, and additional clinical trials are underway to investigate the targetability of
other fusions in various cancers. Future clinical trials should consider the inclusion of tumor
profiling by whole-transcriptome and whole-exome sequencing to identify gene fusion
events that targeted sequencing panels may not detect. This could direct the treatment of
patients with targeted therapies by identifying known fusions in novel tumor histologies
or novel fusion events altogether, in addition to identifying patients with fusion-positive
cancers who would qualify for those future clinical trials [49–52].
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