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Fusion genes in acute myeloid leukemia: do acute myeloid leukemia diagnostics need to fuse

with RNA-sequencing?
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a detailed analysis of fusion gene detection by RNA-

sequencing in acute myeloid leukemia (AML)." Fusion
genes, i.e., genes made by joining parts of two different
genes, occur frequently in carcinogenesis. These fusion tran-
scripts can occur within one chromosome as well as between
two chromosomes (inter-chromosomal) and include translo-
cations, deletions, insertions as well as inversions.
Thousands of chromosomal aberrations and fusion genes
have been identified as being recurrently present in cancer.”
Interestingly, in pediatric acute lymphocytic leukemia it was
shown that many fusion genes are already present i utero
and that a further transformation occurs in early childhood
through secondary mutations.® The discovery of BCR-ABL1
in patients with chronic myeloid leukemia as well as gene
fusions involving neurotrophic tyrosine receptor kinase (NTRK)*
and neuregulin-1 (NRG1)’ in solid cancers are examples of
how the identification of fusion genes have not only revolu-
tionized the diagnosis but also the therapy of a disease. It is
estimated that fusion genes occur in 30% of patients with
AML’ and it has been recognized that certain recurrent chro-
mosomal and genetic aberrations delineate distinct types of
AML. Along this line, the current World Health Organization
(WHO) classification of AML describes seven types of recur-
rent genetic abnormalities in AML as well as the provisional
entity “AML with BCR-ABL1”.” Furthermore, the WHO clas-
sification lists recurrent genetic aberrations that classify the
disease as “AML with myelodysplasia-related changes”. This
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underscores the relevance of identifying chromosomal aber-
rations and fusion genes in AML patients. The European
LeukemiaNet recommends cytogenetics and screening for
certain gene mutations for all AML patients at the time of
diagnosis.® Screening for gene rearrangements (e.g., with flu-
orescence i1 situ hybridization or reverse transcription poly-
merase chain reaction [RT-PCR]) should also be performed in
some special circumstances (e.g., poor quality of chromo-
some morphology, need for rapid information). However,
although cytogenetic analysis is still the gold standard, many
small aberrations can be easily missed with this technique.
RNA-sequencing is a next-generation sequencing technique
that detects the presence and quantity of RNA and thus
describes the transcriptome. Additionally, it gives informa-
tion about alternative splicing, mutations, changes in gene
expression, fusion genes, etc. We can expect additional infor-
mation that we would not be able to obtain with routine
cytogenetic analysis. Thus, RNA-sequencing can give us a
deeper and dynamic picture of what is happening in cells.
Kerbs and colleagues applied RNA-sequencing to a cohort
of 806 AML samples that also underwent conventional diag-
nostics with karyotyping and molecular diagnostics (RT-PCR
and fluorescence iu situ hybridization) (Figure 1). This allowed
a direct comparison between results obtained with these dif-
ferent techniques. Special attention was paid to the detection
of fusion genes. Here, 90% of fusion genes reported by con-
ventional diagnostics were also detected by RNA-sequencing.
Nevertheless, the fact that some fusion genes were not recog-
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Figure 1. Design and outlook of an integrated analysis that includes routine diagnostics (karyotyping, molecular diagnostics) as well as RNA-sequencing in acute myeloid
leukemia. In this case, 806 samples from four studies were investigated. RNA-seq: RNA-sequencing; MDx: molecular diagnostics; AML: acute myeloid leukemia.
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nized by RNA-sequencing indicates a weakness of this
novel technique. Some fusion genes can be missed by
RNA-sequencing if only low or uneven coverage is
achieved. Thus, a high read depth of samples is essential
for RNA-sequencing in order to detect all fusion genes.
Furthermore, some affected genes might be more easily
missed if they are not highly expressed (i.e., RNA-
sequencing is highly dependent on gene expression).
However, RNA-sequencing allowed the authors to detect
26 cases with known recurrent fusion events that failed to
be detected by routine diagnostics. Furthermore, Kerbs
and colleagues also detected two novel recurrent fusion
genes by RNA-sequencing. The fusion gene NRIP1-
MIR99AHG was found in 1.1% of patients, and the fusion
gene LTN1-MX1 in 0.25% of patients. These are just exam-
ples that demonstrate that many more recurrent fusion
genes will be detected if RNA-sequencing becomes
employed more widely in AML. It is therefore very likely
that we currently still underestimate the occurrence of
fusion genes in AML with conventional diagnostics.

The encouraging results with RNA-sequencing also raise
the questions of whether the technique should be applied
to all AML patients at the time of diagnosis and whether it
could replace conventional diagnostics. Currently, there are
still a few obstacles to routine use of RNA-sequencing in all
AML patients. Besides costs and labor-consuming aspects
of this technique, analysis of results and data interpretation
are very challenging. In particular, the high rate of false
positive calls for fusion genes raises concerns and requires
awareness. So far, interpretation of RNA-sequencing data
has not been standardized and over 20 algorithms for
fusion gene detection by RNA-sequencing have been
described.” However, standardization is a critical require-
ment for using this technique more widely and in routine
clinical practice. In this sense, it is encouraging as well as
important that Kerbs and colleagues have developed and
report a workflow with integrated filtering strategies for
the identification of robust fusion gene candidates by
RNA-sequencing. Similar steps need to be undertaken in
the future in order to implement RNA-sequencing in rou-
tine diagnostics. The wider use of RNA-sequencing in
AML is likely to have positive impacts on diagnostic clas-
sification as well as prognostic stratification.

RNA-sequencing can also open the door to novel thera-
peutic strategies in individual AML patients. Gene fusions
involving the NTRK gene constitute an encouraging exam-
ple. NTRK fusions rarely occur in AML and are easily
missed with routine diagnostics." Larotrectinib is a target-
ed therapy that has shown efficacy in a broad spectrum of
NTRK fusion-positive cancers. Many fusion genes occur-
ring through chromosomal translocations encode tyrosine
kinases that are involved in signal transduction. The devel-
opment of tyrosine kinase inhibitors represents an attrac-
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tive therapeutic strategy for patients with such fusions and
RNA-sequencing will be essential for identifying these
patients. It is therefore very likely that the increase in
detection of recurrent gene fusions will also expand oppor-
tunities for targeted therapies in AML. RNA-sequencing
may also have further implications for monitoring measur-
able residual disease in AML. Fusion genes are ideally suit-
ed for molecular measurable residual disease assessment as
they can be detected by RT-PCR as well as next-generation
sequencing very sensitively." Of note, RNA-sequencing is
evolving as an upcoming standard in solid cancers as well.

In summary, the study by Kerbs and colleagues is an
important step towards implementing RNA-sequencing in
routine AML diagnostics. Further work is undoubtedly
required (especially regarding standardizing data analysis),
but the manuscript already gives an encouraging outlook
of how RNA-sequencing can translate into clinical applica-
tions.
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