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Gene fusion in cancer

Copyright © BC Cancer. All rights reserved

• Novel gene formed by fusion 
of two distinct wild type genes

• Produced by somatic genome 
rearrangements

• >10.000 gene fusions 
identified in human cancers

• Strong driver alterations



Gene fusions: Diagnostic markers

• Soft-Tissue Sarcomas
• Many different translocations associated with different histological subtypes

Clark et al., NEJM 2005



• Genomic Classification in AML

Gene fusions: Diagnostic/prognostic markers

Döhner et al., Blood 2017

WHO 2017



• Prognosis & Risk Category

Gene fusions: Diagnostic/prognostic markers

Papaemmanuil et al., NEJM 2016 Döhner et al., Blood 2022

Allogenic HCT not 
recommended

Allogenic HCT 
recommended for 

most cases

Allogenic HCT 
recommended



Gene fusions: Targetable alterations

T(9;22) BCR-ABL1  - Philadelphia chromosom (Ph)

Hehlmann R. Haematologica June 2016

• Imatinib for treatment of Phi+ CML/ALL



Gene fusions: Targetable alterations

Camidge D.R. et al., Lancet Oncol 2012 

• Non small cell lung cancer

Guo H et al., Cells 2022



Classical detection methods

Karyotype

FISH

Karyotype & in situ-hybridization (F)ISH:
• Still Gold standard in certain discipline (BCR-

ABL1, PML-RARA, ALK-EML4….)

• Necessity of cell culture (Karyotype)

• One FISH per gene, Only for known targets

• Time consuming

• Cost



Classical detection methods

RT-PCR

• Fast, sensitive and affordable

• One target and only for Known targets

IHC



Translocation Screening

• RT-qPCR HemaVision® 
• CE/IVD Kit
• Screening for 28 different fusion 

transcripts
• Acute Leukemia (AML, ALL)

• Still a limited in number of targets
• Only Known fusion transcript

=> High Throughput = NGS



NGS: DNA Sequencing 

Meyerson et al., Nat Rev Genet 2010

- Large introns

- Repetitive sequences

- No discrimination between 
expressed and unexpressed 
gene fusions



NGS: RNA Sequencing -> cDNA sequencing



NGS: RNA Sequencing -> cDNA sequencing

• RNAseq (Targeted)
• Much bigger panels than with RT-PCR
• Not always necessary to know the fusion partner



RNAseq Targeted panels

• Large choice of commercially available panels.
• Amplicon-based approach = AmpliSeq (Thermofischer)…
• Anchored multiplex PCR =  Archer (IDT Technologies)…
• Hybrid-Capture = Trusight (Illumina), SureSelect (Agilent)….

Bruno R et al., Diagnostics 2020



Amplicon-based approach

• Based on multiplex RT-PCR
• Primers flanking exons fusion 

combinations
• Detections of known fusion 

transcripts (both partners)
• Commercial & Custom panels



• Sequencing on ThermoFischer or on 
Illumina platforms (AmpliSeq for 
Illumina)

• Several commercial (CE/IVD) panels

• Possible custom panels

• Include 5 positives expression 
controls 
• control of RNA quality and assay 

performance

• Expression imbalances between 3’ 
and 5’ regions
• Detection of new fusion transcripts

• Low input (from 10 ng RNA)

Amplicon-based approach: AmpliSeqTM



Amplicon-based approach: AmpliSeqTM

RNA extraction  0,5 day

Ampliseq Library prep  1 day

Sequencing  6-20h/Run

Analysis  2-4h/Run

Variant interpretation & Reporting 1h/sample

~2 days



Analysis



Expression Imbalance



Expression Imbalance

Normanno et al., Int J Mol Sciences 2023.



Amplicon-based approach: AmpliSeqTM

• AmpliSeq Lung Fusion Panel
• Sensitivity/specificity >90%

Vaughn et al., BMC Cancer 2018

Concordance 
with FISH sensitivity Specificity

ALK 97%
93,3% 

(24+4/30)* 98,6% (69/70)

ROS1 95% 75% (3/4) 100% (18/18)

RET 93% 100% (1/1) 93% (13/14)*
* From 3’/5’ imbalance results

Pfarr et al., Genes, Chromosomes & cancers 2016

138 clinical samples (10ng of RNA)50 FFPE NSCLC samples 
(10ng of RNA – minimum 2,5ng)

Concordance 
with Ref Meth sensitivity Specificity

ALK 95%
93% 

(26/28)
100% 

(15/15)

ROS1 100%
100% 
(7/7)

100% 
(15/15)



• Serial dilution of a positive sample 
with 50% tumor cells in normal 
control tissue (50% - 5%)

Amplicon-based approach: AmpliSeqTM

Pfarr et al., Genes, Chromosomes & cancers 2016

• Dilution of positives cell lines
• H2228 : ALK positive cell line
• Hcc78 : ROS1 positive cell line 



Amplicon-based approach: Oncomine on Genexus

• Fully Automated from library prep to analysis
• TAT 24h
• Several Oncomine panels (some with CE/IVD label)



Amplicon-based approach: Oncomine on Genexus

Hofman et al., JTO clinical and Research reports 2022

• Oncomine Precision Assay on Genexus
• 188 NSCLC from five academic hospitals
• Comparison of NGS with the standard procedures



Amplicon-based approach: Oncomine on Genexus

Hofman et al., JTO clinical and Research reports 2022

• Oncomine Precision Assay on Genexus

=> Imbalance analysis: improve sensitivity but decrease specificity !



Amplicon-based approach: Oncomine on Genexus

• Oncomine Dx Expert panel on Genexus (CE/IVD)
• Full automatization - Average TAT 18,3h

Normanno et al., Int J Mol Sciences 2023.



Amplicon-based approach: AmpliSeqTM on Illumina

• AmpliSeqTM for Illumina Childhood Cancer Panel
• 100ng RNA
• Sensitivity 94,4%
• Specificity 100%
• Limit of detection 10-2 (RNA from SeraSeq Fusion RNA Mix diluted in IVS-0035 

negative control (10-2 – 10-5))

(Vincente-Garcés et al., Frontiers in Molecular Biosciences 2022)



Amplicon-based approach: AmpliSeqTM

- Low RNA input
- Easy analysis
- ThermoFisher & Illumina
- 5’/3’ imbalance can increase sensitivity
- low limit of detection
- TAT

- Only for Known fusion
- Sensitivity/specificity



Anchored multiplex PCR

• Based on multiplex RT-PCR
• Primer in the target genes 

and an universal primer in 
adapter

• Detections of known and 
Unknown fusion transcripts 

• Commercial & Custom panels



Anchored multiplex PCR: Archer Fusion Plex panels

+ Molecular Barcodes (MBC)

- Allows higher sensitivity
- Beter read quality 



• Single-use, Lyophilized reagents
• No master mixes

• Minimizes user error and contamination

• Stable at RT

• Strips are color Coded

• Include a QC for RNA quality

• Input
• 50-200ng RNA

• Variants and gene expression Analysis?

Anchored multiplex PCR: Archer Fusion Plex panels



Anchored multiplex PCR: Archer Fusion Plex panels

RNA extraction  0,5 day

Archer FusionPlex Library prep 1,5 days

Sequencing 20h/MiSeq Run

Archer Analysis Software  4-24h/Run

Variant interpretation & Reporting 1h/sample

~2-4 days



Anchored multiplex PCR: Archer Fusion Plex panels



Anchored multiplex PCR: Archer Fusion Plex panels

• Criteria
• minimum 5 unique reads covering the breakpoint
• min 3 unique start sites covering the breakpoint
• > 2% of the unique reads covering the breakpoint compared to the 

total number of unique reads that span either breakpoint
• Fusion is In Frame



Anchored multiplex PCR: Archer Fusion Plex panels



Anchored multiplex PCR: Archer Fusion Plex panels

• Archer FusionPlex Heme v2 sequenced on a MiSeq
• Starting with 200ng of RNA extracted from blood of bone marrow)
• All sample passed QC
• Specificity: 100% (8 “normal” sample)
• Sensitivity: 100% (20 samples or cell lines with known fusions)  



Anchored multiplex PCR: Archer Fusion Plex panels

Results Ref test Results Archer Heme v2 panel

Exon
(brkpt)

SS 
(>3)

Reads 
(>5)

%Reads 
(>2%)

Eol-1_undiluted FIP1L1-PDGFRA E12E12 148 637 90,23

Eol-1_10-1 FIP1L1-PDGFRA E12E12 37 80 74,77
Eol-1_10-2 FIP1L1-PDGFRA ND
Eol-1_10-3 FIP1L1-PDGFRA ND
Eol-1_10-4 FIP1L1-PDGFRA ND

K562-undiluted BCR-ABL p210 (86,86 /100 cp ABL) E14E2 798 18308 75,82

K562-10-2 BCR-ABL p210 (3,27 /100 cp ABL) E14E2 66 187 2,42

K562-10-3 BCR-ABL p210 (0,327 / 100 Cp ABL) E14E2 12 16 0,28
K562-10-4 BCR-ABL p210 (0,022 / 100 cp ABL) ND
19194603 KMT2A-ELL zwak (Cp=36,95) E8E2 7 8 13,11
17400926 RUNX1-RUNX1T1 Zwak (Cp=35,47) ND

• Archer FusionPlex Heme v2 sequenced on a MiSeq
• Limit of detection: Dilution of 2 cell lines



• RNA variants• RNA expression

Not Validated



Anchored multiplex PCR: Archer Fusion Plex panels

• Archer Custom FusionPlex Panel sequenced on Miseq
• Accuracy 97,6% (80/82) by comparing with other methods on 82 FFPE 

case -> 3 extra discordant cases if RNA input <100ng
• LOD measures via dilution of Ref material (10%)

Cheng et al., JALM 2021



Anchored multiplex PCR: Archer Fusion Plex panels

• Custom Archer FusionPlex Panel 
sequenced on NextSeq
• Specificity and sensitivity of 100% 

on 72 FFPE cases (starting with 
125ng of RNA)

• LOD (>12,5% tumor cells)

Hindi et al., Exp Mol Pathol 2020



Anchored multiplex PCR: Archer Fusion Plex panels

- User friendly library prep
- Easy analysis
- Detection of Unknown fusion transcript
- Compatible with Illumina and Thermofisher
- Very good Accuracy

- Higher RNA input
- Cost
- TAT



Hybrid-capture approach

• Gene-specific enrichment by 
hybridization with specific DNA or 
RNA probes

• Starting from DNA or RNA
• Detections of known and 

Unknown fusion transcripts 
• Commercial & Custom panels



Hybrid-capture Approach – Trusight Illumina

• Sequencing on Illumina platforms

• Several commercial panels, some 
CE/IVD

• input (from 40 ng RNA)



Hybrid-capture Approach – Trusight Illumina



Hybrid-capture Approach – Trusight Illumina



Hybrid-capture Approach – Trusight Illumina

RNA extraction  0,5 day

Trusight Library prep 2 days

Sequencing 20h/MiSeq Run

Analysis  4-6h/Run

Variant interpretation & Reporting 1h/sample

~3-4 days



Hybrid-capture Approach – Trusight Illumina

• Illumina Trusight Tumor 170 (TST170)

Boyle et al., Frontiers in Genetics 2021

• Illumina TSO 500

Froyen et al., Cancers 2022

79 samples + 1 Commercial control (SeraCare):
35 known fusions and 5 splicing events: all confirmed (100%)
Input: 40ng (QC ok from 1-38ng)

A: 44 samples + 2 Commercial controls 
B: 173 patient samples + 5 controls
Input: 40-85ng RNA



Hybrid-capture Approach – Trusight Illumina

Froyen et al., Cancers 2022

• Illumina TSO 500



Hybrid-capture Approach – Trusight Illumina

- Detection of Unknown fusion transcript
- Commercial and Custom panels
- Very good Accuracy
- Relatively low RNA input

- Hands on time
- TAT
- Only on Illumina 



Comparison of the different 
methods in the literature



Sensitivity

• Comparison Oncomine Focus Assay, Oncomine Precision Assay, Trusight
Oncology 500 & Archer FusionPlex Lung panel for NTRK gene fusions detection
• RNA input: 200ng (Archer), 40ng (TSO500), 10ng (OFA, OPA)

• Cell lines and commercial reference material

Bormann Chung et al., J Mol Diag 2022



Sensitivity

• Comparison Oncomine Comprehensive Assay v3,  Trusight Oncology 500 
& Archer FusionPlex Solid Tumor for NTRK gene fusions detection
• RNA input: 20ng (FPST and OCAv3), 40ng (TSO500)

• 39 FFPE + 10 FNA samples + SeraSeq FFPE NTRK fusion reference material

Park et al., J Mol Diag 2021



Sensitivity

• Comparison Oncomine Comprehensive Assay v3,  Trusight Oncology 500 
& Archer FusionPlex Solid Tumor for NTRK gene fusions detection

Park et al., J Mol Diag 2021

In raw data but filtered 
out because not targeted



Sensitivity

• Comparison Oncomine Comprehensive Assay v3,  Trusight Oncology 500 
& Archer FusionPlex Solid Tumor for NTRK gene fusions detection

Park et al., J Mol Diag 2021



Limit of detection

• Comparison Trusight RNA fusion Panel & Archer Pan-Heme Kit
• 100 ng RNA

• 24 patients' samples with known fusion => all detected with both methods

• Limit of detection: Dilution of samples with BCR::ABL1 e1a2 transcript

Kim et al., J Mol Diag 2019



Limit of detection

• Comparison Oncomine Comprehensive Assay v3,  Trusight Oncology 500 
& Archer FusionPlex Solid Tumor for NTRK gene fusions detection
• RNA input: 20ng (FPST and OCAv3), 40ng (TSO500)

• Limit of detection: Dilution of SeraSeq Fusion Mix v3 in Wild-type RNA

Park et al., J Mol Diag 2021



Limit of detection

• Comparison Oncomine Focus Assay, Oncomine Precision Assay, Trusight
Oncology 500 & Archer FusionPlex Lung panel for NTRK gene fusions detection
• RNA input: 200ng (Archer), 40ng (TSO500), 10ng (OFA, OPA)

• Limit of detection: Dilution of SeraSeq Fusion Mix v3

Bormann Chung et al., J Mol Diag 2022



Limit of detection

• Comparison Oncomine Focus Assay, Oncomine Precision Assay, Trusight
Oncology 500 & Archer FusionPlex Lung panel for NTRK gene fusions detection
• RNA input: 200ng (Archer), 40ng (TSO500), 10ng (OFA, OPA)

• Limit of detection: Dilution of SeraSeq Fusion Mix v3

Bormann Chung et al., J Mol Diag 2022



TAT

• Comparison Trusight RNA fusion Panel & Archer Pan-Heme Kit

Kim et al., J Mol Diag 2019



TAT

• Comparison Oncomine Focus Assay, Oncomine Precision Assay, Trusight
Oncology 500 & Archer FusionPlex Lung panel for NTRK gene fusions detection

Bormann Chung et al., J Mol Diag 2022



Conclusion

RNA input Sensitivity/
specificity

Limit of 
detection

TAT (days) Hands on 
Time

Ampliseq/ 
Oncomine

Low ++ +++ 1-3 -/+

Archer Middle to 
high

+++ ++ 3-5 ++

Trusight Low to 
Middle

+++ ++ 4-6 +++



RNA extraction and QC



RNA Extraction and QC

• RNA extraction
• Many kit for RNA extraction
• Depend on starting material (Tissue, FFPE, Blood, Bone marrow, 

cells, fresh/frozen)
• QC for RNA quality

• Yield (concentration measurement via fluorescent dye-based assay 
(Qubit) of spectrophotometry (Nanodrop)

• RNA integrity
• Tape station / Bioanalyzer (RIN (RNA integrity numbers) of DV200 value 

(percentage of RNA fragments larger than 200 nt)
• qPCR (included in some library prep kit such as Archer)

• RNA quality is more of an issue for FFPE samples



RNA Extraction and QC

• QC for RNA quality
• RNA integrity

• Tape station / Bioanalyzer (RIN (RNA integrity numbers) of DV200 value

DV200
% of RNA fragments larger than 200 nt

RIN
28S/18S RNA ratio



RNA Extraction and QC

• QC for RNA quality
• RNA integrity

• qPCR (included in some library prep kit such as Archer = PreSeq QC)

• Concentration

• Length: fragments greater than 100bp in lengths

• Crosslinking



RNA Extraction and QC

• RNA quality is more of an issue for FFPE samples
• 33 retrospective samples
• RNA extracted from Blood or Bone marrow samples (fresh)

>90% samples above cut-offConcentration: Qubit vs Nanodrop



Tertiary analysis



Tertiary analysis

• BELAC NGS Guidelines:
• Tertiary analysis is composed of two different step:

• Annotation and biological classification

• annotates each variant in relation to its position in the gene => software

• classification into 5 biological classes

• Clinical classification

• classification into 4 clinical classes

• Annotation with their clinical utility (diagnostic, prognostic or therapeutic)



Biological Classification

• Method dependent
• Cf. Validation file

• Breakpoint position/visualization 
• Exon boundary
• In Frame fusion
• Retention of relevant domains



Biological Classification



Biological Classification

• FusionGDB
• the Atlas of Genetics and 

Cytogenetics in Oncology and 
Haematology

• Mitelman Database 
• literature



Biological Classification

• FusionGDB
• the Atlas of Genetics and 

Cytogenetics in Oncology and 
Haematology

• Mitelman Database 
• literature



Biological Classification

For DNA: common variant in 
the population MAF>0,1%

=> Database for fusion transcript in the “normal population” ?? 



Clinical Classification

• Clinical Interpretation: Impact on Prognosis? Therapy?
-> Literature review, guidelines

Li, MM et al. J Mol Diagn 2017

Sukhai, M. A. et al. Genet. Med. 2015

(Likely) 
BenignVUS(Likely) 

pathogenic Biological class

VUS and (likely) Benign 
variants are not clinically 
discussed



Questions?
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