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Abstract 

Today the golden standard method to find fusion genes is with fluorescent in situ 

hybridization. Massive parallel sequencing is a method that can analyze several genes 

and samples at the same time at a lower cost. The aim of this study was to compare 

massive parallel sequencing with fluorescent in situ hybridization for detection of fusion 

genes in patients with non-small cell lung cancer. Additionally, an evaluation of RNA 

extraction was performed to obtain RNA samples with quality. Four different 

purification methods were evaluated and method C, a semi-automatic method showed 

the highest quantity and a good quality. Method C was used to extract 23 samples from 

non-small cell lung cancer patients and analyzed with massive parallel sequencing and 

panel Oncomine Solid Tumour Fusion Transcript Kit (Thermo Fisher Scientific). A 

total of 11/14 samples showed concordant results with fluorescent in situ hybridization. 

Three samples either had too low quality or there was too little tissue left on the FFPE 

block to determine the tumor cell content. Unfortunately, there is a shortage of positive 

fusion genes samples since the qualities of the samples were uncertain and especially 

the proportion of tumor cells. No conclusion can be drawn if massive parallel 

sequencing can replace fluorescent in situ hybridization in the future for patients with 

non-small cell lung cancer. Further studies are required. 
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Introduction 

Lung cancer is one of the most common causes to cancer-related death, with 

approximately 1.3 million new cases diagnosed each year. Generally lung cancer is 

divided histopathologically into two categories; small cell lung cancer (SCLC) and the 

largest category which accounts for about 80 % of all lung cancers; non-small cell lung 

cancer (NSCLC) (1-4). NSCLC can then be divided further into three groups; 

adenocarcinoma, squamous cell carcinoma and large cell carcinoma. In addition to this 

classification, lung cancer is divided into tumor stages I-IV which indicates the extent 

and spread of the tumor. The most common treatment for lung cancer patients is surgery 

and chemotherapy, however most patients are not diagnosed until stage III-IV where the 

conventional therapeutic methods has a minor impact on patient survival (2, 4, 5). 

Patients with NSCLC can in addition to surgery and chemotherapy be treated with 

tyrosine kinase inhibitors (TKIs) which can inhibit the function and down regulation of 

the cancerous proteins. Available today is; anaplastic lymphoma kinase (ALK) and 

proto-oncogene tyrosine-protein kinase 1 (ROS1)-inhibitors for ALK and ROS1 fusions 

and rearranged during transfection (RET)-inhibitors for RET fusions. These treatments 

only work if the patients have specific mutations or genetic rearrangements that forms 

chimeric fusion proteins which are hyper activated, highly expressed and frequently 

oncogenic (2,3,6). Fusion genes results in a protein that is always activated and has 

unregulated cell division. Genetic rearrangements can arise from mutations and 

translocations i.e. one part from one chromosome is replaced by another part from the 

same or a different chromosome. The most common translocation, present in 

approximately 5 % of all NSCLC patients, is caused by the ALK gene. The split in the 

chromosomes can take place on different locations which results in different variants of 

the translocation (7-10). The second most common translocation (1-2% of NSCLC 

patients) is in ROS1. ALK inhibitors such as Crizotinib, Alectinib and Ceritinib give a 

good clinical response for NSCLC patients with ALK or ROS1 translocations (2, 8). 

Other translocations in association to lung cancer is RET (1-2%) and neurotropic 

tyrosine kinase 1 (NTRK1) (<1%) (8, 11, 12). Treatment with tyrosine kinase inhibitor 

for this small group with translocations has improved the outcome for NSCLC patients 

and therefore it has become increasingly important to find good methods that discover 

mutations and translocations as quickly as possible (2, 5, 6).   
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The most common method for detection of translocations is fluorescent in situ 

hybridization (FISH), which is the golden standard method. FISH uses the technology 

of fluorescent probes that can bind to complementary parts of a chromosome and detect 

the absence or presence of specific sequences on the chromosomes (2, 7, 9, 13). 

However, FISH have some drawbacks, it is expensive, tissue- and time consuming and 

requires specialist who can interpret the split-FISH signals. Another limitation with 

FISH is that the method cannot determine the involved fusion partners on a molecular 

basis, which can become important in the future for understanding how the treatment 

responses work (2, 7, 10, 14, 15). A newly developed sequencing method: massive 

parallel sequencing (MPS) enables the determination of the fusion partner and is not 

reliant on interpretation of a specialist. MPS has also the ability to produce hundred 

millions of sequence reads and massive amount of data to a relatively lower cost than 

Sanger sequencing, which is the gold standard method used today for sequencing (16-

18). Therefore, with MPS, multiple samples and genes can be analyzed simultaneously. 

There is almost as much tissue lost with MPS as with FISH but the difference is that 

with MPS the material can be saved and used for other analyzes if needed.  However 

there are some drawbacks with MPS such as the sequencing length is a lot shorter 

(~100-400 bp) than with Sanger sequencing (~1000 bp) and MPS requires a greater 

quality of the product than with the standard PCR assays. 

 

Translocations can occur anywhere in the genome, in the DNA sequence, such as in 

introns and other non-coding sequences. These sequences tend to be very long to 

sequence and hard to locate the translocations. Their expression patterns can also be low 

when translocations occur in the coding regions. These limitations make sequencing on 

DNA a non-ideal material when searching for oncogenic fusions. A better choice of 

start material is RNA that expresses the intermediate product of the fusion gene which 

makes it easier to find and sequence (19). Current MPS technologies require a minimum 

10 ng of input RNA with a tumor tissue content of at least 10%. The pathologists have a 

critical role to select samples with as much tumor content as possible. If a sample has 

lower tumor content, more tumor material is needed and therefore material from 

surgical resection provides better quality and quantity than material from small biopsies 
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and fine needle biopsies. Most of the clinical samples gathered at Örebro University 

hospital is samples taken with needle biopsies and they are often small, have low tumor 

content and are often fragmented which can complicate the diagnosis for a valid and 

reliable result (2, 16). The most common method for fixation of tissues is with 

formaldehyde and embedding with paraffin to store the tissues. The quality of RNA 

from formalin-fixed paraffin-embedded (FFPE) samples is dependent on the fixation 

and embedding processes. When a biopsy is taken from its host autolysis begins and the 

time period for the fixation and embedding is crucial (20). The formalin enters the tissue 

during the fixation step which can result in that the proteins will get cross-linked with 

nucleotides and molecular changes such as addition of mono-methylol can occur. These 

effects of RNA and formalin can inhibit the PCR amplification (20, 21). The impact of a 

good method for extraction is therefore of great importance (2, 8).  

 

Aim 

The aim of this study was to compare MPS with FISH for detection of fusion genes in 

patients with NCSLC. Additionally, an evaluation of RNA extraction was performed to 

obtain RNA samples with quality. 

 

Material and method 

Tumor tissue material 

For the evaluation of RNA extraction, 21 FFPE diagnostic lung operation resections 

from NSCLC patients with adenocarcinoma diagnosed at the Örebro University 

Hospital, Sweden, were included. An experienced pathologist marked areas with the 

highest tumor content on hematoxylin-eosin sections and estimated the tumor tissue 

content (TTC) on the whole slide and in the marked area. The corresponding areas on 

the tissue blocks were punched with Disposable Biopsy Punch with Plunger, 1mm 

(Miltex GmbH, Germany) and embedded horizontally to resemble needle biopsies. For 

the methodological validation, 23 lung samples from patients with NSCLC and 

adenocarcinoma were included in the study. The samples consisted of both resection 

material and biopsies, previously analyzed with FISH.  The majority of the patients, 



 

4 

 

20/23, were diagnosed at the University of Örebro and 3/23 was from Akademiska 

University Hospital, Uppsala.  

 

Evaluation of RNA extraction 

From the original FFPE samples, 10 µm sections were used and 20 µm sections from 

the samples resembling needle biopsies. Four different methods were used to extract 

RNA for evaluation (Table 1) and were performed according to the manufacturer’s 

instructions. Method A and B are automatic purification kits on the magLEAD 12gc 

instrument, which uses the magtration technology that entails the use of disposable tips, 

and that separates and resuspended the magnetic particles (22). Method C and D are 

manual kits that use filters to purify the samples. The difference is that in method C the 

QIAcube (Qiagen, Germany) instrument can be used and makes method C a semi-

automatic method.  

 

Table 1. Summary table of purification methods.  

Method  Kit  Instrument  Kit manufacturer 

A  RNA FFPE RNA Purification Kit  magLEAD 12gc
a
   Exscale, Sweden 

B  FFPE DNA/RNA Purification Kit  magLEAD 12gc
a
   Exscale, Sweden 

C  RNeasy FFPE Kit  QIAcube  Qiagen, Germany 

D  RecoverAll Total Nucleic Acid 

Isolation Kit for FFPE 

 Manual  Thermo Fisher 

Scientific, USA 

a
 Included deparaffinization 

 

To measure concentration Qubit 2.0 Fluorometric Quantitation and RNA high 

sensitivity kit (Thermo Fisher Scientific, USA) was used. The quality of the extracted 

samples was measured by Agilent 4200 TapeStation system with High Sensitivity RNA 

ScreenTape (Agilent Technologies, USA) (20, 21). The quality measurements that 

shows how much of the RNA was intact, were determined by the RNA integrity number 

(RIN) and the score of one indicates degradation of RNA and the score of ten indicates 
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intact RNA (23, 24). The results were compared and calculated by SPSS version 22 

software (SPSS Inc., USA) and a non-parametric test was performed.   

 

Fluorescent in situ hybridization 

ALK and ROS1 rearrangement was analyzed with FISH by using the Vysis ALK Break 

Apart FISH Probe Kit and Vysis 6q22 ROS1 Break Apart FISH Probe Kit (Abbott, 

USA) according to the manufacturer’s instructions. The tissue sections were 4 µm thick 

and used for interphase FISH and mounted with 4′, 6-diamidino-2-phenylindole (DAPI) 

(ProLong® Gold Antifade Mountant with DAPI, Thermo Fisher Scientific). Microscope 

Olympus BX-61 fluorescence microscope (Olympus America Inc, USA) and CellA 

FISH imaging and capturing software (Olympus Soft Imaging Solution GmbH, 

Germany), was used to interpret the FISH-split signals, figure 1. The samples were 

considered positive when the rearrangement was positive for at least 15 % of 100 

analyzed tumor cells.  

 

 

Figure 1. ALK fusion rearrangements with FISH analysis Abbott Vysis break-apart 

probe. The yellow signals indicate normal chromosomes with no translocation. When a 

break-apart occurs it is indicated with one red and one green signal (25).   

 

Massive parallel sequencing  

RNA was extracted using method C and the concentration of RNA was measured with 

Qubit 2.0 RNA high sensitivity kit (Thermo Fisher Scientific). MPS was performed on 

Ion Torrent PGM (Thermo Fisher Scientific) with the panel Oncomine Solid Tumour 
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Fusion Transcript Kit (Thermo Fisher Scientific). This panel detects simultaneously the 

fusion genes in ALK (ALK_3p: Exon 23-24, ALK_5p: Exon 5-6), ROS1 (ROS1_3p: 

Exon 38-39, ROS1_5p Exon 11-12), RET (RET_3p: Exon 18-19, RET_5p: Exon 6-7) 

and NTRK1 (NTRK1_3p: Exon 17-18, NTRK1_5p: Exon 2-3). The extracted RNA was 

converted to cDNA and the library preparation was performed according to the 

manufacturer's instructions. After the library step a quantitative PCR (qPCR) was 

performed to see how much library product of each sample there was. A total of 16 

samples at a time were prepared on 316 Ion chip with a threshold at 300 000-400 000 of 

total reads for each run. The template preparation was performed automatically on an 

Ion Chef Robot (Thermo Fisher Scientific) instrument and the sequencing on the Ion 

Torrent PGM (Thermo Fisher Scientific). The sequences were mapped against a 

reference genome of control genes and known fusion breakpoint using the Torrent 

Mapping Alignment Program (TMAP) within the Torrent Suite software version 5.2 

(Thermo Fisher Scientific). The translocations were annotated with the Oncomine 

variant annotation V1.3 (Thermo Fisher Scientific) that annotates single nucleotide 

polymorphisms (SNPs), copy number variation (CNV) and fusion genes by a database 

connected to 20 different databases within the Ion Reporter software v5.2 (Thermo 

Fisher Scientific).  

Results 

Evaluation of RNA extraction 

There were some technical problems with the kit for method A according to the 

manufacturers, which made this method excluded from the study. The significance 

threshold was set at 0.05. Among the original samples, the samples from operation 

resections, there was significance (p < .001) between the concentrations for the methods 

and method C had the highest average concentration (~130 ng/μl) compared to method 

B and D. There was no significant difference for the RIN-values between the three 

methods, figure 2.  

 

For the samples that resembled needle biopsies there were a significant difference in the 

concentration between method B and D (p = .015) but no difference between B and C 

and the methods C and D. The RIN values showed a significant difference between 
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method C and D (p = .003) and between method D and B (p = .039) but no significant 

difference between method B and C, figure 2.  

 

  

Figure 2.  The average concentration (ng/µl) measured on Qubit and the RIN-value on 

Tapestation. A: The concentration (ng/µl) for the original samples. B: The concentration 
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(ng/µl) for the samples resembling needle biopsies. C: The quality measurements, RIN 

values for the original samples and the samples resembling needle biopsies.  

 

Massive parallel sequencing  

Clinical samples (n=23) from patients with NSCLC were used to validate the fusion 

gene panel. The samples were analyzed with FISH, in clinical routine, in order to detect 

ALK and ROS1 translocations. Three of the samples did not meet the quality 

measurements required for MPS, these samples were excluded in the study. Of the 20 

samples remaining, 6 samples were difficult to interpret and had uncertain results in the 

FISH analysis, table 2.  

 

In total 14 samples had conclusive FISH results where 6/14 samples were ALK fusion 

positive with FISH and 4/14 positive with MPS. There were 3/14 ROS1 positive fusion 

samples analyzed with FISH and 2/14 positive with MPS, and the sample not positive 

for ROS1 with MPS showed weak ROS1 positive results. 

 

Of the 4 samples uncertain for ALK fusion with FISH, 2 were positive and 2 negative 

for gene fusions with MPS. The positive samples were EML4(6) - ALK(20) and 

CCDC6(1) - RET(12). There were 2 samples uncertain for ROS1 fusions with FISH and 

of those 1 was negative and 1 positive for RET fusion with MPS (table 2).  

 

Table 2. Results from fluorescent in situ hybridization and massive parallel sequencing. 

Sample  Results from FISH   Results from MPS 

1  Positive ALK fusion   EML4(6) - ALK(20)  

2  Positive ALK fusion   Negativeª 

3  Positive ALK fusion   EML4(13) - ALK(20)  

4  Positive ALK fusion   EML4(6) - ALK(19) 

5  Positive ALK fusion   Negativeª 

6  Positive ALK fusion   EML4(13) - ALK(20)  
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7  Negative ALK and ROS1   Negative 

8  Negative ALK and ROS1   Negative 

9  Negative ALK and ROS1   Negative 

10  Negative ALK and ROS1   Negative 

11  Negative ALK and ROS1   Negative 

12  Positive ROS1 fusion  Uncertain ROS1ª fusion 

13  Positive ROS1 fusion  SLC34A2(13) - ROS1(32)  

14  Positive ROS1 fusion  SLC34A2(13) - ROS1(32)  

15  Uncertain ALK fusion – unreliable result 

 

 EML4(6) - ALK(20)  

16  Uncertain ALK fusion – few tumor cells, 

small amount of tissue on the block 

 

 Negative 

17  Uncertain ALK fusion –  unreliable result due 

to few tumor cells in the sample 

 

 Negative 

18  Uncertain ALK fusion – few positive ALK 

but under cut-off value at 15%  

 

 CCDC6(1) - RET(12)  

19  Uncertain ROS1 fusion – ROS1 unreliable 

due to few tumor cells  

 

 Negative 

20  Uncertain ROS1 fusion – difficult to interpret 

ROS1 FISH signals 

 Uncertain RET fusion 

ª MPS results that differs from FISH 
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Discussion 

Qualitative RNA is essential for a good result in MPS; therefore, this study initially 

compared four different purification methods. Method A was excluded due to problems 

with the reagents. Method B is an automatic purification while method C is semi-

automatic and method D is a manual method.  One source of error that can occur in the 

manual parts of method C and D may be if the tissue is small which makes it difficult to 

see the tissue and thus it can be washed away in the different washing steps. In method 

B, this error does not occur, as everything happens automatically and this is the 

preferred method, as it is time-saving. In this study method C, the semi-automatic 

method, showed a better quantity than the other methods and no significant difference 

in the quality for the original operation samples but a significant different for the quality 

for the small samples that resembled needle biopsies compared to method D that 

showed the highest mean RIN-value. Method C was chosen to extract the samples that 

were going to be included in the comparison between FISH and MPS.  

 

This study was a comparison between the golden standard method FISH and MPS. A 

total of 11/14 samples (the uncertain samples not included) showed concordant results 

with FISH. Three samples showed unreliable results due to low quality, a result also due 

to the low amount on the tissue block. These samples were excluded from this study. Of 

the 6 positive ALK fusion samples with FISH, 2 showed negative results with MPS. 

The samples that did not concord with FISH can be due to the low amount of tissue left 

on the FFPE block and the uncertainty of how much tumor cells there was left. As there 

was very little tissue left on some of the blocks, no hematoxylin-eosin sections was 

performed after the samples been gathered, which meant that no actual tumor cell 

content could be obtained. Most of the samples were collected with needle biopsies and 

this made it hard to collect enough material for analysis and the quality was insufficient 

because of fragmentations. Of the 3 samples positive for ROS1 fusion with FISH, 2 

samples showed positive ROS1 fusion results with MPS. The third sample showed a 

weak ROS1 result due to low quality, which the program Oncomine variant annotation 

V1.3 (Thermo Fisher Scientific) did warned for. Of the six uncertain results with FISH 

there was one positive ALK fusion, one for RET fusion and one result uncertain for 

RET with MPS. At Örebro University hospital there is no protocol for RET fusions with 
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FISH which makes it hard to prove that the sample is positive for RET fusion and also 

no control was included in the study. One explanation of the difficulty to interpret the 

FISH signals may be due to the fusion genes involved and the fusion genes may 

interfere with the signal. If the samples with low amount of tissue were excluded from 

the study the concordance between FISH and MPS were to be good.  

 

To confirm the results all samples will be tested at Akademiska University Hospital, 

Uppsala that uses a different method, Nanostring nCounter (Nanostring Technologies, 

USA). This technology uses a combination of reporter and capture probes to mark the 

RNA molecule. If the two probes hybridize in a close proximity to each other in the 

same transcript a positive signal will be shown (26, 27).  

 

Unfortunately, there was a shortage of positive fusion genes samples. Fusion genes are 

quite rare in NSCLC patients (<5 %) and therefore the number of positive samples is 

low. As there were few positive samples available, it is difficult to validate the method 

fully, and no solid conclusion can be made. 

 

Conclusion 

Molecular diagnostics are constantly moving forward with new techniques and MPS is 

today the newest technology used in routine diagnostics to analyze multiple genes 

simultaneously. To find fusion genes in NSCLC patients FISH is the gold standard 

method, however, the method is expensive, tissue-consuming (the tissue used in the 

analysis can not be reused) and the method requires specific skilled personnel. With 

MPS these problems can be solved and MPS gives more information about the fusion 

genes which can become important in the future care for NCSLC patients. Further 

evaluation of more positive samples will be needed in order to validate the technique. 

Samples will also be analyzed at another laboratory to validate the uncertain samples 

and the samples that did not concurred with FISH.  
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Ethical considerations 

There was no need for an ethical approval for this study as this was a methodology 

study. There is one approved ethics application, 2010/44-31, where samples from the 

Örebro University Hospital and patients undergoing surgical treatment of lung cancer in 

1990-1995 were included. An application for an extension of the years 1996-2012 have 

been performed. The samples included in this study were unidentified and will not be 

connected back to the patients.  
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