
Int J Clin Exp Pathol 2023;16(4):76-85
www.ijcep.com /ISSN:1936-2625/IJCEP0148120

Original Article
Validation of MYC and BCL6 rapid break apart digital 
fluorescence in situ hybridization assays for clinical use

Michael Liew1, Leslie Rowe1, Kristina Moore1, Emily Aston1, Kathryn O’Brien1, Maria Longhurst1, Jason  
Kenney1, Marshall Priest1, Wenhua Zhou1, Diane Wilcock1, Anton Rets1,2, Rodney Miles1,2

1ARUP Institute for Clinical and Experimental Pathology®, Salt Lake, UT 84108, USA; 2Department of Pathology, 
University of Utah School of Medicine, Salt Lake City, UT 84132, USA 

Received November 29, 2022; Accepted March 29, 2023; Epub April 15, 2023; Published April 30, 2023

Abstract: Objective: Detection of gene rearrangements in MYC (a family of regulator genes and proto-oncogenes) 
and human B-cell lymphoma 6 (BCL6) using fluorescence in situ hybridization (FISH) are important in the evalua-
tion of lymphomas, in particular diffuse large B-cell lymphoma (DLBCL) and Burkitt lymphoma. Our current clinical 
MYC and BCL6 FISH workflow involves an overnight hybridization of probes with digital analysis using the GenASIs 
Scan and Analysis instrument (Applied Spectral Imaging). In order to improve assay turnaround time SureFISH 
probes were validated to reduce the hybridization time from 16 hours down to 1.5 hours. Methods: Validation was 
a four-phase process involving initial development of the assays by testing new probes in a manual protocol, and 
cytogenetic studies to confirm the probe specificity, sensitivity, and localization. In the next phase, the assays were 
validated as a manual assay. The third phase involved development of the digital FISH assays by testing and optimiz-
ing the GenASIs Scan and Analysis instrument. In the final phase, the digital FISH assays were validated. Results: Cy-
togenetic studies confirmed 100% probe sensitivity/specificity, and localization patterns. Negative reference range 
cutoffs calculated from 20 normal lymph nodes using the inverse of the beta cumulative probability density function 
(Excel BETAINV calculation) were 11% inclusive for both manual and digital MYC and BCL6 assays. There was 100% 
concordance between the manual and digital methods. The shortened hybridization time decreased the overall 
workflow time by 14.5 hours. Conclusions: This study validates the use of the SureFISH MYC and BCL6 probes on 
formalin fixed paraffin embedded (FFPE) tissue sections using a hybridization time of 1.5 hours that shortened the 
overall workflow by 14.5 hours. The process described also provides a standardized framework for validating digital 
FISH assays in the future.
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Introduction

In humans, MYC is a family of regulator genes 
and proto-oncogenes named after an onco-
gene identified in the avian virus Myelocy- 
tomatosis to which it is also homologous [1]. 
This family, which is a target for cancer treat-
ment [2-4], includes 3 members: c-MYC (MYC), 
I-MYC (MYCL) and n-MYC (MYCN). The MYC 
gene located at chromosome 8q24 encodes  
a 439 amino acid transcription factor [5-7]. 
Under normal circumstances, MYC protein has 
a key role in regulating cell growth [8]. In a set-
ting of a neoplastic process, including several 
lymphomas, MYC expression is often upregu-
lated [9-12]. In particular, Burkitt lymphoma 
demonstrates rearrangements occurring bet- 
ween MYC and immunoglobulin (IG) heavy 
chain (IGH, chromosome 14q32), kappa light 

chain (IGK, chromosome 2p11), or lambda light 
chain (IGL, chromosome 22q11) [13-15]. MYC 
translocations with non-IG partners occurs  
in other high-grade B-cell lymphomas (BCL) 
including diffuse large BCLs (DLBCLs), and a 
subset of large BCLs with features interme- 
diate between DLBCL and Burkitt lymphoma 
[13, 14, 16, 17].

The B-cell lymphoma 6 (BCL6, chromosome 
3q27), encodes a 706 amino acid protein, and 
is known as a specific repressor transcription 
factor [18]. BCL6 is commonly rearranged in 
20-40% of DLBCLs, where it can have IG  
and non-IG gene partners [19-22]. A subset  
of DLBCLs previously defined as DLBCL/ 
high-grade B-cell lymphoma with MYC and 
BCL2 rearrangements (DLBCL/HGBL-MYC/
BCL2) can also have BCL6 rearrangements 
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[23]. These types of lymphoma with two or 
more gene rearrangements (double hit or triple 
hit lymphomas) tend to have an aggressive clin-
ical course and show a poor response to che-
motherapy [24-27].

The prognostic value of the MYC and BCL6 rear-
rangement necessitates clinical testing of their 
presence in a subset of B-cell lymphoprolifera-
tive disorders. One of the most common tests 
performed for this purpose is fluorescent in-
situ hybridization (FISH) on formalin-fixed pa- 
raffin-embedded tissue (FFPE) samples. As an 
alternative to “manual” analysis and counts of 
the FISH probe patterns, there are several digi-
tal capture and analysis systems available. Our 
laboratory has published several studies using 
the GenASIs digital system [28, 29]. Recently, 
GenASIs has undergone major hardware and 
software upgrades since those studies were 
published. Among those upgrades were (1) A 
higher resolution camera for image capture 
(5MP); (2) Bright field capture was incorporat- 
ed into the system optimizing the workflow as 
slide images no longer need to be converted 
from a different format to be recognized by  
the GenASIs system. The software has been 
improved by incorporating automatic FISH 
image capture from a single starting point.

In addition to the digital system upgrades, we 
aimed to improve the assay turnaround time. 
This was achieved by changing our current 
probes to SureFISH probes (Agilent Techno- 
logies, Santa Clara, CA, USA), which allowed us 
to shorten our hybridization process from 16 
hours to 1.5 hours.

The aim of this study was to validate the 
SureFISH MYC and BCL6 break apart probes  
on FFPE samples using a 1.5 hour hybridization 
protocol and digital analysis. The overall pro-
cess includes the validation of the new probe 
by manual FISH analysis first. This step pro-
vides a “gold standard” which can also serve as 
a “back-up” procedure in case the digital sys-
tem is not available. Here we report our obser-
vations developing MYC and BCL6 FISH testing 
with new probes.

Materials and methods

Cytogenetic analysis - probe localization, sensi-
tivity, and specificity analysis

To ensure that the investigated SureFISH MYC 
and SureFISH BCL6 probes (Agilent Techno- 

logies) perform according to manufacturer’s 
specifications, we performed initial cytogene- 
tic studies. These included (1) a probe localiza-
tion study, (2) probe sensitivity analysis and  
(3) probe specificity analysis. The above-men-
tioned studies were conducted on metaphase 
spread slides. Metaphase spread slides were 
prepared from a pooled sample derived from 5 
normal male individuals who were referred to 
ARUP for routine cytogenetic testing.

Metaphase slides were aged either by heating 
at 56°C for 30 minutes then dehydrated 
through a series of ethanol washes with in- 
creasing concentrations (70%, 85% and 100%) 
(Thermo Fisher Scientific, Waltham, MA, USA) 
denatured in 70% formamide (VWR Scientific, 
Radnor, PA)/2XSSC (Abbott Molecular, Des 
Plaines, IL, USA) for 5 minutes at 73°C, then 
dehydrated through another series of ethanol 
washes (70%, 85% and 100%). Probes were 
prepared according to manufacturer’s instruc-
tions, and hybridized to the metaphase slides 
for 16 hours at 37°C. Following hybridization, 
the FISH slides were washed first using 
0.4XSSC/0.3% NP-40 (Abbott Molecular) at 
73°C for 2 mins followed by 2XSSC/0.1% NP- 
40 at room temperature for 1 minute and air 
dried. Finally, DAPI II counterstain (Abbott 
Molecular) was added and the slides were 
cover slipped and analyzed using an epifluores-
cence microscope.

FFPE samples

FFPE samples from 50 patients were analyzed 
using the SureFISH MYC probe. FFPE samples 
from 40 patients were analyzed using the 
SureFISH BCL6 probe. Samples were submit-
ted to ARUP for routine hematopathology FISH 
analysis and selected for this study based on 
being positive or negative for a MYC or BCL6 
rearrangement. This specific study was re- 
viewed by the University of Utah Institutional 
Review Board (IRB) and granted exempt status, 
approval number: IRB_00158817. Informed 
consent for these samples was waived by the 
IRB.

In addition to sections for FISH studies, H&E 
stained slides were also performed to confirm 
the presence of the lesional tissue and identify-
ing the area of interest to be analyzed by the 
imaging system. The H&E slides are scanned 
using GenASIs Scan and Analysis instrument 
(Applied Spectral Imaging, Carlsbad, CA, USA). 
This is an updated version of a digital FISH 
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to manufacturer’s instructions and kept in the 
dark for 15 minutes, then analyzed. Slides that 
were analyzed manually were read on epifluo-
rescence microscopes equipped with the 
appropriate filters. Slides that were analyzed 
digitally were loaded onto the GenASIs Scan 
and Analysis instrument for a DAPI pre-scan for 
tissue matching and eventual FISH image cap-
ture and analysis.

Reference range, accuracy, & precision

A reference range for the SureFISH probes was 
defined using 20 samples of non-neoplastic 
lymphoid tissue. Accuracy was assessed by 
comparing the SureFISH probe results to the 
current ARUP clinical FISH assay using 20 neg-
ative samples and 20 positive samples for the 
MYC assay and 10 negative samples and 10 
positive samples for the BCL6 assay. Assay  
precision was assessed using 3 replicates from 
3 samples. For intra-assay precision the 3 rep-
licate samples were run at the same time. For 
inter assay precision, the 3 replicate samples 
were run on 3 different days. For the digital 
FISH assays, inter-reader precision was also 
evaluated. This was assessed using 3 different 
readers who read the same digital FISH images 
from each of 3 different samples.

Additional performance assessments

Additional performance assessments of the 
SureFISH probes on manual FISH were evalu-
ated. Due to the volume of FISH testing per-
formed at the ARUP laboratory, 10 Thermobrite 
instruments are available for hybridizations. 
Sections from the same control block that con-
tained rearranged and non-rearranged tissue 
were tested across all the Thermobrite instru-
ments to validate them. To make the workflow 
as efficient as possible we also evaluated the 
SureFISH probes’ stability by pre-mixing them 
with hybridization buffer and freezing the ali-
quots. The aliquots were tested fresh, and after 
each of four freeze-thaw cycle. To ensure that 
there was no signal variation caused by sec- 
tion thickness, 3 μm and 5 μm sections were 
tested. 

Manual FISH scoring

Two independent reviewers scored FISH slides. 
Each reviewer enumerated one-hundred cells. 
All signal patterns were included in the count 
with the exception of nuclei showing signals of 

Table 1. Signal pattern definitions
Criteria Definition
Negative nF (n≥2)
Rearranged 1F/1G/1R

1F/1G/nR, (n≥2)
1F/nG/1R, (n≥2)

xF/nG/nR, (x>1, n≥1)
nG/nR, (n≥2)
nG/1R (n≥2)
1G/nR (n≥2)

Not informative or Atypical nF/nG, (n≥1)
nF/nR, (n≥1)

1F
nG, (n≥1)
nR, (n≥1)

1G/1R
F = fusion; R = Red, G = Green.

image capture and analysis system we have 
described previously [28]. Scanning of bright 
field images has been added to the system, so 
that every step of image acquisition and analy-
sis can be performed by the same system, 
which optimized the workflow. As described 
previously, the digitized H&E slide is used for 
tumor annotation and alignment with a digital 
DAPI pre-scan of the FISH slide for accurate 
transferal of regions of interest.

Fluorescence in situ hybridization

Four-micron unstained FFPE sections were 
used for FISH analysis. The 8q24 MYC rear-
rangement was detected using the SureFISH 
MYC BA P20 break apart probe. The 3q27 BCL6 
rearrangement was detected using the Sure- 
FISH BCL6 BA P20 break apart probe. FISH 
slides were pretreated using the PT Link (Agilent 
Technologies) and washed using a VP2000 
Processor (Abbott Molecular) according to ea- 
ch manufacturer’s instructions. The SureFISH 
probes (0.5 ul) were mixed with IQFISH Fast 
Hybridization buffer (9.5 ul, Agilent Techno- 
logies). Hybridizations were carried out on 
Thermobrite Systems (Abbott Molecular) using 
a 10-minute denaturation at 66°C followed  
by a 90-minute hybridization at 45°C. Post-
hybridization washes were carried out on a 
VP2000 Processor according to manufacturer 
instructions. Upon completion of washing, 
slides were mounted using VECTASHIELD® 
(Vector Labs, Burlingame, CA, USA) according 
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Figure 1. Probe localization of SureFISH MYC (A) and BCL6 (B) probes to 
pooled male normal human metaphase spreads. For the BCL6 probe, the 
inset image from dashed rectangle shows probe binding in greater detail. 
Images were acquired at 60× magnification. A scale bar for both images is 
shown in (B).

only one probe color and nuclei with only one 
single fusion, as these findings generally repre-
sent either truncation or poor hybridization. 
See Table 1 for list of signal pattern de- 
finitions.

The more common rearrangement partners for 
MYC [30] and BCL6 [19, 31, 32] are located on 
the separate chromosomes, so it would be 
expected that a broken apart signal (separate 
orange-red and green) was quite wide. Thus, in 

order to be considered being 
“broken apart” the red and 
green signals need to be great-
er than 2 signal widths apart 
from each other. Sometimes, 
signal patterns that differ from 
the classical alterations can 
be observed in lymphomas. 
These type of signal patterns 
are defined as atypical or non-
informative, because they can 
arise both due to a genetic 
alteration and possibly due to 
technical artifacts, such as 
“crush” artifact or signal over-
lap, or other biological rea-
sons, such as cell cycle phase. 
The atypical signal patterns 
are not normally counted dur-
ing analysis but are noted if 
they occur frequently.

Data analysis

Probe sensitivity is defined as 
the number of times that the 
probe hybridizes to the correct 
chromosomal location with the 
expected probe signal [33]. 
Forty loci (typically 20 meta-
phase cells) are analyzed. 
Probe specificity is defined as 
the number of times that the 
probe hybridizes to the correct 
chromosomal location in 40 
loci. In both cases, if sensitivity 
is less than 100%, a total of 
100 loci are scored.

Reference range cutoffs were 
developed based on results 
obtained from normal lymph- 
oid tissue (primarily non-neo-

plastic lymph nodes). Cutoffs for manual FISH 
scoring were calculated using the Microsoft 
Excel BETAINV function (95% confidence level, 
average false positive cells + 1, 100 cells 
analyzed).

Digital FISH counts are sorted using the same 
definitions for manual FISH counts. However, 
digital FISH counts using the GenASIs Scan and 
Analysis instrument are limited by fields of view 
and not by number of cells counted, so counts 
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Table 2. Reference range results for the manual SureFISH MYC and B-cell lymphoma 6 (BCL6) assays

Sample #
MYC rearranged (%) BCL6 rearranged (%)

Scorer 1 Scorer 2 Average Scorer 1 Scorer 2 Average
VAL-01 0 2 1 2 0 1
VAL-02 1 1 1 0 2 1
VAL-03 1 1 1 0 0 0
VAL-04 0 1 0.5 0 0 0
VAL-05 0 0 0 1 3 2
VAL-06 0 2 1 0 0 0
VAL-07 0 1 0.5 0 0 0
VAL-08 0 1 0.5 1 0 0.5
VAL-09 1 1 1 0 0 0
VAL-10 0 2 1 0 0 0
VAL-11 1 1 1 1 9 5
VAL-12 1 3 2 0 0 0
VAL-13 1 2 1.5 0 0 0
VAL-14 2 1 1.5 0 0 0
VAL-15 1 0 0.5 0 2 1
VAL-16 1 0 0.5 1 6 3.5
VAL-17 2 0 1 2 3 2.5
VAL-18 1 2 1.5 0 5 2.5
VAL-19 1 1 1 1 0 0.5
VAL-20 0 0 0 0 1 0.5
BETAINV (0.95, 3, 100) 6.0 (0.95, 6, 100) 9.8
Rearranged counts are the number observed out of a total of 100. Cutoffs were calculated from the highest average count.

were limited to exactly 100 by deleting acquired 
cells starting from the last one listed. 

Results

Cytogenetics studies

Probe sensitivity and specificity measurements 
for the SureFISH MYC and BCL6 probes were 
100%. Probe localization analysis confirmed 
that the SureFISH MYC probe hybridized to the 
8q24 region, and that the SureFISH BCL6 probe 
hybridized to the 3q27 region (Figure 1).

Manual FISH

The SureFISH MYC and BCL6 probes provided 
FISH images of FFPE sections with bright sig-
nals and low background. This reduced the 
hybridization turnaround time from 16 hours to 
1.5 hours. Twenty non-neoplastic lymphoid tis-
sue samples were used for calculating the ref-
erence range for both the manual SureFISH 
MYC and BCL6 validations (Table 2). The cut-
offs calculated from the manual FISH reference 
range results for MYC and BCL6 were 7% and 

10% (inclusive), respectively. However, to pre-
vent possible false positives in negative cases 
with crush artifact, truncation effect, and other 
suboptimal nuclear morphology that is known 
to occur in FFPE FISH cases, both cutoffs were 
raised to 11%, which is similar to cutoffs cur-
rently used clinically by ARUP for MYC and BCL6 
and would make the workflow simpler. The 
manual SureFISH MYC and BCL6 assays were 
100% concordant with the current clinical FISH 
assays (Tables 3, 4). Qualitative results (rear-
ranged vs non-rearranged) remained the same 
for all slides for intra-assay and inter-assay  
precision. Qualitative results across the 10 
Thermobrite instruments were in 100% agree-
ment (data not shown). No deterioration in sig-
nal or background quality was noticed in the 
pre-mixed probe mixtures after 4 freeze thaw 
cycles. No variation in signal patterns or quali-
tative results was noticed when comparing 5 
μm and 3 μm sections.

Digital FISH

Results for the digital FISH were similar to the 
results from the manual FISH. The same twenty 
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Table 4. Manual SureFISH BCL6 qualitative 
accuracy results

Sample # Clinical BCL6 
result

SureFISH BCL6 
result

B6VAL-01 NEG NEG
B6VAL-02 NEG NEG
B6VAL-03 NEG NEG
B6VAL-04 NEG NEG
B6VAL-05 NEG NEG
B6VAL-06 NEG NEG
B6VAL-07 NEG NEG
B6VAL-08 NEG NEG
B6VAL-09 NEG NEG
B6VAL-10 NEG NEG
B6VAL-11 POS POS
B6VAL-12 POS POS
B6VAL-13 POS POS
B6VAL-14 POS POS
B6VAL-15 POS POS
B6VAL-16 POS POS
B6VAL-17 POS POS
B6VAL-18 POS POS
B6VAL-19 POS POS
B6VAL-20 POS POS

Table 3. Manual SureFISH MYC qualitative ac-
curacy results
Sample # Clinical MYC result SureFISH MYC result
MVAL-01 NEG NEG
MVAL-02 NEG NEG
MVAL-03 POS POS
MVAL-04 NEG NEG
MVAL-05 NEG NEG
MVAL-06 NEG NEG
MVAL-07 NEG NEG
MVAL-08 NEG NEG
MVAL-09 POS POS
MVAL-10 NEG NEG
MVAL-11 NEG NEG
MVAL-12 NEG NEG
MVAL-13 NEG NEG
MVAL-14 NEG NEG
MVAL-15 POS POS
MVAL-16 POS POS
MVAL-17 NEG NEG
MVAL-18 NEG NEG
MVAL-19 NEG NEG
MVAL-20 NEG NEG
MVAL-21 NEG NEG
MVAL-22 NEG NEG
MVAL-23 NEG NEG
MVAL-24 NEG NEG
MVAL-25 POS POS
MVAL-26 POS POS
MVAL-27 POS POS
MVAL-28 POS POS
MVAL-29 POS POS
MVAL-30 POS POS

Discussion

Changing our current workflow by switching to 
the SureFISH MYC and BCL6 probes resulted in 
a significant improvement of the current work-
flow by decreasing the hybridization time by 
(14.5 hours, a 90% reduction). In addition, the 
SureFISH probes provided good FISH images 
with bright signals and low background. The 
current configuration of the GenASIs Scan and 
Analysis instrument has also led to improve-
ments in the workflow. The ability to image 
bright field and FISH images on the same sys-
tem is more efficient than exporting images 
from one instrument to another, and the higher 
resolution of the digital camera (5MP vs 1.5MP) 
improved the image quality.

In our previous work, we described the diffe- 
rent signal configurations to determine whether 
a cell was rearranged or non-rearranged [29]. 
The original study had a 2-step analysis algo-
rithm, to provide guidance interpreting with the 
samples that were close to the cutoff, or bor-
derline. However, in our practice, there are not 
many samples in the borderline category. 

non-neoplastic lymphoid tissue samples were 
used for calculating the reference range for the 
digital SureFISH MYC and BCL6 validations 
(Table 5). The cutoffs calculated from the digi-
tal FISH reference range results for MYC and 
BCL6 were both 6% (inclusive). Similar to the 
manual FISH, to prevent possible false posi-
tives in negative cases, both cutoffs were 
raised to 11%. The digital SureFISH MYC and 
BCL6 assays were 100% concordant with the 
manual SureFISH assays (Table 3). Represen- 
tative SureFISH MYC and BCL6 images are 
shown in Figure 2. Qualitative results (rear-
ranged vs non-rearranged) remained the same 
for all slides for intra-assay, inter-assay and 
between reader precision.
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Table 5. Reference range results for the digital SureFISH MYC and BCL6 assays

Sample #
MYC rearranged (%) BCL6 rearranged (%)

Scorer 1 Scorer 2 Average Scorer 1 Scorer 2 Average
VAL-01 0 0 0 0 0 0
VAL-02 0 0 0 0 1 0.5
VAL-03 0 0 0 0 0 0
VAL-04 1 0 0.5 0 0 0
VAL-05 1 2 1.5 0 1 0.5
VAL-06 0 0 0 0 1 0.5
VAL-07 0 2 1 0 0 0
VAL-08 2 1 1.5 0 0 0
VAL-09 1 1 1 0 1 0.5
VAL-10 0 0 0 0 1 0.5
VAL-11 1 1 1 0 0 0
VAL-12 0 3 1.5 2 1 1.5
VAL-13 0 3 1.5 0 0 0
VAL-14 0 1 0.5 0 0 0
VAL-15 1 3 2 0 0 0
VAL-16 0 0 0 0 0 0
VAL-17 0 1 0.5 0 0 0
VAL-18 0 2 1 0 0 0
VAL-19 2 2 2 0 1 0.5
VAL-20 2 0 1 1 0 0.5
BETAINV (0.95, 2.5, 100) 5.3 (0.95, 3, 100) 6
Rearranged counts are the number observed out of a total of 100. Cutoffs were calculated from the highest average count.

Therefore, in this study we decided to remove 
the development of the borderline algorithm.

The cutoffs determined from our study were 
similar to other reports from the literature. In a 
study that looked at FISH analysis of tissue 
microarrays of FFPE samples, cutoffs for MYC 
and BCL6 were 9% and 8% respectively [34]. In 
a FISH study similar to our own, the authors 
were able to substantially reduce their experi-
mental process by 12 hours, using Vysis & 
Zytovision probes and the Panoramic 250 
Flash digital microscope platform [35]. Their 
cutoffs for MYC and BCL6 were 5% and 4% 
respectively in that study. We did notice that 
the cutoffs from our digital cutoffs were slightly 
lower than the manual cutoffs, which could be 
due to digital images being easier to score.

Although there are many benefits of digital 
analysis, it does not come without flaws. In our 
experience, the biggest challenge is the inte-
gration of the digital analysis into the existing 
clinical IT network. The slide images are large 
files that require separate server space, so 

accessing that data through a network with fire-
walls can be slow. It is very important for the 
institutions interested in implementing a digital 
analysis system into a clinical laboratory work-
flow to ensure the appropriate IT infrastructure 
is in place.

The digital pathology landscape is continuing to 
evolve. There are several reviews in the litera-
ture summarizing the state of digital pathology 
with its advantages and challenges [36-38]. 
ARUP Laboratories has incorporated digital pa- 
thology into some workflows as it provides 
advantages for patient care, together with fis-
cal responsibilities and regulatory compliance. 
Together with advances in FISH methodologi- 
es, implementation of digital analysis systems 
introduces significant improvement to the clini-
cal workflow and patient care.
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