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Abstract: 

Because of its’ simplicity, reliability and cost-effectiveness, fluorescence in situ hybridization 

(FISH) is a major technology that is widely applied in clinical diagnosis, especially for 

hematologic malignancies, even in the era of next-generation sequencing (NGS). In the 

Clinical Cytogenetics Laboratory at MD Anderson Cancer Center, over 15,000 FISH tests are 

performed each year, including approximately 1,000 BCR-ABL1 and 500 MYC FISH tests, 

respectively. In this chapter, we introduce the quality assurance/quality control (QA/QC) 

measurements applied for FISH tests by following the American College of Medical Genetics 

and Genomics (ACMGG) technical standards and guidelines. We believe that these 

measurements are essential for high-quality clinical diagnosis services provided by a clinical 

laboratory. The BCR-ABL1 FISH test using a commercial fusion probe set on cell suspensions 

of bone marrow (BM) and peripheral blood (PB) specimen and MYC FISH test using a 

commercial break-apart probe on paraffin-embedded tissue specimen are shown here as 
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examples. For the use of home-brew FISH probes and FDA-approved FISH test kits, some 

different QA/QC measurements need be taken and are not included in this chapter.  
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Fluorescence in situ hybridization (FISH) is simple, reliable and cost-effective and therefore FISH 

is a major technology that is widely applied for clinical diagnosis, especially for hematologic 

malignancies, even in the era of next-generation sequencing (NGS) [1-4]. In the Clinical 

Cytogenetics Laboratory at MD Anderson Cancer Center, over 15,000 FISH tests are performed 

each year, including approximately 1,000 BCR-ABL1 and 500 MYC FISH tests, respectively. In this 

chapter, we introduce the quality assurance/quality control (QA/QC) parameters applied for FISH 

tests by following the American College of Medical Genetics and Genomics (ACMGG) technical 

standards and guidelines [5]. We believe that these measurements are essential for high-quality 

clinical diagnosis services provided by a clinical laboratory. The BCR-ABL1 FISH test using a 

commercial fusion probe set on cell suspensions of bone marrow (BM) and peripheral blood (PB) 

specimens and the MYC FISH test using a commercial break-apart probe on paraffin-embedded 

tissue specimens are shown here as examples. For the use of home-brew FISH probes and FDA-

approved FISH test kits, some different QA/QC measurements need be taken and are not included 

in this chapter.  

As stated in the ACMGG technical standards and guidelines for FISH testing [5], a written policy 

regarding general QA/QC measurements and quality management (QM) or continuous quality 

improvement (CQI) system for all FISH tests have been developed in our laboratory and are 

implemented in our daily work. This policy includes qualification and responsibility of the 

laboratory director and/or pathologist, manager, supervisor and technologists; standard operating 

procedure (SOP) manual; monitor and maintenance of all devices and general consuming reagents 

and other materials; selection of FISH probe from vendors as well as validation of probe with a 

new lot; inclusion/exclusion criteria for specimens received for testing; frequency of post-

analytical review and so on. It is considered as general policy and not discussed in detail here. 

Part I: QA/QC Measurement for BCR-ABL1 FISH Testing on BM/PB Specimen 

1. Pre-Analytical QA/QC Measurement for BCR-ABL1 FISH Test 

1.1 Rationale of Developing BCR-ABL1 FISH Test on BM/PB Specimens 

BCR-ABL1 fusion can be both a diagnostic and a prognostic biomarker in several types of 

leukemia, such as chronic myeloid leukemia (CML), B-cell acute lymphoblastic leukemia (B-ALL) 

and acute leukemia of ambiguous lineage [6-8].  BCR-ABL1 fusion is also an essential biomarker for 

clinical decisions, including evaluation and monitoring of tyrosine kinase inhibitor (TKI) therapy in 

these diseases [6-8]. There are currently more than 1,000 orders/year for BCR-ABL1 FISH testing 

on BM and PB specimens in our institution.  
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1.2 Selection of Commercial BCR-ABL1 FISH Probe 

Many vendors offer commercially BCR-ABL1 FISH probes for clinical diagnosis. These probes 

share the same targets (ABL1 and BCR gene/locus), but they differ in probe length/coverage, 

hybridization buffer, and probe concentration, signal strength, expenses and so on.  Several 

vendors also provide more than one type of BCR-ABL1 FISH kits with different design: mainly dual-

color, single-fusion (SS) probe and dual-color, dual-fusion (DS) probes. The first generation SS 

probes had a high specificity but a low sensitivity (approximately 5% false positive rate) and are 

not often used nowadays [9]. According to our policy briefly mentioned above, we have compared 

3 probes from at least 2 vendors and we chose the Vysis BCR-ABL1 ES FISH probe (or ES probe. ES 

means extra signal) based on its performance and capability of distinguishing the major breakpoint 

(M, p210 BCR-ABL1) and minor breakpoint (m, p190 BCR-ABL1) isoforms. The latter is actually a 

very important advantage that helps us solve some sophisticated cases in our practice that cannot 

be solved by chromosomal analysis and/or BM morphology. In general, the Vysis BCR-ABL1 ES FISH 

probe is considered as a new generation SS probe which overcomes the low sensitivity of the first 

generation SS probe. Figure 1 includes information of coverage and labeling of 3 types of BCR-

ABL1 FISH (DS, SS and ES) probes from Abbott Molecular. Primo et al have described design and 

coverage of the DS and ES probes in detail. They also listed the common signal patterns for both 

DS and ES probes in various scenarios. This is a good reference for laboratories using either one of 

or both the DS and ES probes [9]. We also realize that there are certain limitations of this ES probe 

in our clinical practice, e.g., requirement of knowledge about the probe design to identify different 

signal patterns; requirement of metaphase FISH or even map-back FISH (FISH test performed on 

de-stained G-banded slide) to correlate FISH signals with a karyotype to further characterize the 

chromosomal changes in some cases; lack of detection of 22q at the 3′ side of BCR gene/locus; and 

uncertain signals caused by additional chromosomal abnormalities, such as ASS1 gene deletion 

(see below). 

We also use the Vysis BCR/ABL1/ASS1 Tri-Color DF FISH Probe from the same vendor as a reflex 

test for a few cases with an unusual signal pattern for the ES probe due to deletion of an ASS1 

gene or a part of the long arm of the chromosome 9 (9q). This tri-color approach has been 

validated separately and is not discussed in detail here. 
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Figure 1 Schematic illustration and coverage in detail of 3 types of BCR-ABL1 probes 

(DS, SS and ES probes) from Abbott Molecular (with written permission from the 

vendor) 

1.3 Probe Localization, Probe Sensitivity and Probe Specificity 

Following ABMGG guidelines [5, 10], we perform BCR-ABL1 ES FISH probe localization, 

sensitivity and specificity with 5 normal male BM samples and at least 20 metaphase cells 

(4/sample) are analyzed by two technologists in parallel. As shown in Figure 2, the ABL1 probe 

hybridizes to the band level 9q34 (red signals) and the BCR probe to the band level 22q11.2 (green 

signals) on the DAPI banding, which have been sequentially confirmed by inverted G-banding (a 

way to invert the DAPI image to G-banding image of a metaphase) in all cells. Table 1 is used to 

calculate the probe sensitivity and specificity. For this BCR-ABL1 ES FISH probe tested in our 

laboratory, both the sensitivity and specificity of the probe are 100%, meeting the criteria stated 

in the ACMGG guideline E9.3.3 that probe sensitivity of 95% and specificity of 98% should be met 

or the FISH processes need to be optimized to achieve required percentages [5]. During our 

practice, we also run BCR-ABL1 FISH on previously G-banded and karyotyped slides to further 

localize the FISH signals to solve some difficult cases. A separate SOP for this specific procedure, 

“map-back FISH” or “FISH map-back”, has been developed and several examples are listed in the 

section of unusual BCR-ABL1 FISH signal patterns below.  
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Figure 2 BCR-ABL1 ES FISH probe localization. The ABL1 probe hybridize to the band 

level 9q34 (red signals) and the BCR probe to the band level 22q11.2 (green signals) on 

the DAPI banding (metaphases on the left side), which have been sequentially 

confirmed by inverted G-Banding (metaphases on the right side) 

Table 1. Test of BCR-ABL1 ES FISH probe sensitivity and probe specificity 

Probe name: BCR-ABL1 ES (Abbott Molecular) Lot#: XXXX Sample Type: BM Date: MM/DD/YYYY 

Sample ID Tech Initial Metaphase cells Comment

s 
  BCR on 22q11.2 

(Green) 

ABL1 on 

9q34 (Red) 

Unexpected 

patterns 

 

1 AB 4 4 0  

2 CD 4 4 0  

3 EF 4 4 0  

4 GH 4 4 0  

5 AB 4 4 0  

Total  20 20 0  

 Probe sensitivity: 100%  

 Probe specificity: 100%  

1.4 Calculation of Normal Cutoff Values for BCR-ABL1 ES FISH  

Twenty normal BM samples that are diploid (46,XX and 46,XY) by conventional cytogenetics 

and negative for BCR-ABL1 fusion by molecular testing are applied for calculation of normal cutoff 

values for BCR-ABL1 ES FISH. Two technologists are assigned to analyze each sample in parallel, 

and each technologist (“reader”) analyzes and documents the reading results of 100 nuclei and 

250 nuclei per sample, respectively. It’s required that a difference of reading results for each 
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documented signal pattern is less than 10% between two readers. Otherwise, a third reader is 

assigned to analyze the sample again. The reading results from two technologists are combined 

for statistical analysis. We use a binomial method and “mean ± 2SD (at 95% confidence level)” to 

calculate the cutoff values. Therefore, for each BM/PB FISH test performed in our laboratory, 

there are two sets of cutoff values obtained for all documented signal patterns, one at 200-cell 

level and another at 500-cell level. The 200-cell level is considered as a routine analysis, whereas 

the 500-cell level is applied when an extended analysis is needed. Table 2 is an example of cutoff 

values for BCR-ABL1 ES FISH at 200-cell level established in our laboratory. Using positive BM 

samples from patients with CML and B-ALL, we have further confirmed these positive signal 

patterns for a BCR-ABL1 fusion (2R1G1F; 1R1G2F; 1R1G1F; 2F; 1G2F; 1G1F and 1R1F), while all the 

other signal patterns included in this table usually indicate a copy number change of ABL1 and/or 

BCR gene/locus or aneusomy for chromosomes 9 and/or 22 [9].  

As mentioned above, one of the major advantages of the Vysis BCR-ABL1 ES FISH probe (or ES 

probe) is to distinguish the p210 (M) and p190 (m) BCR-ABL1 forms because of the different 

positive signal patterns. Figure 3 (A and B) includes 2 images representing typical positive signal 

patterns of 2R1G1F for the p210 form (A) versus 1R1G2F for the p190 form (B) in one metaphase 

and two interphases, respectively. The p210 form is seen in almost all cases of CML and 10-50% of 

pediatric and/or adult B-ALL cases, whereas the p190 form is detected only in B-ALL. 

The BCR-ABL1 ES FISH validation report is approved and signed by the laboratory director. It 

must be presented to and approved by an institutional committee for new clinical testing before 

its implementation for clinical service. 

 

Figure 3 Examples of typical positive signal patterns of 2R1G1F for the p210 form (A) 

and 1R1G2F for the p190 form (B) observed in both metaphase and interphase cells. 



OBM Genetics 2018; 2(4), doi:10.21926/obm.genet.1804038 

 

Page 7/22 
 

Table 2 Cutoff values established for BCR-ABL1 ES FISH at a 200-cell level 

Number ID 
2R2G  

(%) 

2R1G1F 

(%) 

1R1G 2F 

(%) 

1R1G1F 

(%) 

2R3G 

(%) 

3R2G 

(%) 

1R2G 

(%) 

2R1G

(%) 

2R4G

(%) 

4R2G 

(%) 

3R3G 

(%) 

4R4G 

(%) 

1R1G 

(%) 

2F  

(%) 

1G2F 

(%) 

1G1F 

(%) 

1R1F 

(%) 

3R3G1F 

(%) 

Total 

(%) 

1  79.0 0.5 0.0 9.0 0.0 2.0 3.0 3.0 0.0 0.0 0.0 0.0 0.5 1.0 0.0 1.5 0.0 0.5 100.0 

2  76.5 0.5 0.0 5.0 1.5 4.5 4.0 4.0 0.5 2.0 1.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 100.0 

3  85.0 0.5 0.0 3.5 2.5 0.5 3.0 4.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 100.0 

4  79.5 1.0 0.0 5.5 1.0 3.5 3.0 5.5 0.0 0.5 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 100.0 

5  74.5 1.5 0.0 3.5 2.0 6.0 1.5 6.0 0.5 2.0 0.5 0.0 1.5 0.0 0.0 0.0 0.0 0.5 100.0 

6  78.5 1.5 0.0 6.5 0.0 4.0 3.0 4.5 0.0 0.5 0.0 0.5 1.0 0.0 0.0 0.0 0.0 0.0 100.0 

7  80.0 0.0 0.0 3.5 0.5 5.5 2.5 3.5 0.0 1.5 0.0 1.0 1.5 0.0 0.0 0.5 0.0 0.0 100.0 

8  78.5 1.5 0.0 4.5 0.5 5.0 3.5 4.0 0.0 0.5 0.0 1.5 0.5 0.0 0.0 0.0 0.0 0.0 100.0 

9  82.5 0.0 0.0 3.0 0.5 5.0 1.0 2.5 0.0 2.0 0.5 2.5 0.0 0.0 0.0 0.0 0.0 0.5 100.0 

10  76.5 0.5 0.0 3.5 0.5 4.5 3.0 1.0 0.5 4.0 0.0 4.0 2.0 0.0 0.0 0.0 0.0 0.0 100.0 

11  79.0 1.0 0.0 4.5 2.0 3.0 2.0 5.0 0.5 0.5 0.5 2.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0 

12  80.5 0.5 0.0 4.0 2.0 2.5 2.5 4.0 0.0 1.5 0.0 0.5 2.0 0.0 0.0 0.0 0.0 0.0 100.0 

13  79.5 0.0 0.0 9.0 0.5 3.0 2.5 4.0 0.5 0.5 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 100.0 

14  82.0 1.0 0.0 2.0 1.0 3.0 3.0 5.5 0.0 0.5 0.0 1.5 0.5 0.0 0.0 0.0 0.0 0.0 100.0 

15  82.5 1.0 0.0 6.0 0.5 2.5 4.0 1.0 0.0 0.0 0.0 1.0 0.5 0.0 0.0 0.0 1.0 0.0 100.0 

16  80.0 0.0 0.0 4.5 0.0 6.5 1.0 5.0 0.0 1.0 0.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 100.0 

17  78.0 2.0 0.0 7.5 0.0 4.5 1.5 5.0 0.0 0.5 0.0 0.0 0.5 0.0 0.5 0.0 0.0 0.0 100.0 

18  85.5 0.0 0.0 1.5 0.5 3.0 0.5 5.0 0.5 1.5 0.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 100.0 

19  81.0 1.5 0.0 4.5 0.5 3.0 3.5 4.0 0.0 1.0 0.5 0.0 0.5 0.0 0.0 0.0 0.0 0.0 100.0 

20  85.5 0.5 0.0 4.0 0.0 7.0 1.5 1.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0 

Total (%) 1604.0 15.0 0.0 95.0 16.0 78.5 49.5 77.5 3.0 21.0 3.0 17.0 14.0 1.0 0.5 2.5 1.0 1.5  

Number of Sample 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20  

Average or mean (%) 80.2 0.8 0.0 4.8 0.8 3.9 2.5 3.9 0.2 1.1 0.2 0.9 0.7 0.1 0.0 0.1 0.1 0.1  

Standard Deviation 

(%) 

3.0 0.6 0.0 2.0 0.8 1.6 1.0 1.5 0.2 0.9 0.3 11 0.6 0.2 0.1 0.4 0.2 0.2  

Mean + 2SD (%) 86.2 2.0 0.0 8.8 2.4 7.2 4.5 6.9 0.6 2.9 0.7 3.0 2.0 0.5 0.2 0.8 0.5 0.4  

Mean - 2SD (%) 74.2 -0.5 0.0 0.7 -0.8 0.7 0.4 0.9 -0.3 -0.8 -0.4 -1.3 -0.6 -0.4 -0.2 -0.6 -0.4 -0.3  

Data Range (%) 74.5 85.5 0.0 2.0 0.0 0.0 1.5 9.0 0.0 2.5 0.5 7.0 0.5 4.0 1.0 6.0 0.0 0.5 0.0 4.0 0.0 1.0 0.0 4.0 0.0 2.0 0.0 1.0 0.0 0.5 0.0 1.5 0.0 1.0 0.0 0.5  
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1.5 BCR-ABL1 ES FISH Competency Test for Technologists 

Technologists who are assigned to perform the BCR-ABL1 ES FISH test are required to take 

specific training and pass a competency test, including a written test, hands-on wet lab processing 

assessment, and signal counting assessment. The written test contains questions about probe 

design and coverage, test applications, procedures, signal patterns, method of counting, cutoff 

values, ISCN writing and trouble-shooting. Only qualified and competent technologists are 

assigned to perform this test on clinical specimen, and their competency testing is repeated 

annually. 

2. Analytical QA/QC Measurement for BCR-ABL1 ES FISH Test 

2.1 Error Detection for BCR-ABL1 ES FISH Test 

Analytical errors can happen in the areas of test ordering practice, quality control process, and 

specimen processing. Analytical errors include mistakes in typography, nomenclature (ISCN), 

abnormality detection and so on. Usually two technologists are assigned to analyze each case (e.g., 

100 or 250-cell analysis per technologist per case). At least one supervisor pre-reviews the analysis 

results and the report draft. The laboratory director performs the final review and approvals the 

test report. Sometime, the laboratory director may have to hold the report for remaining errors to 

be solved, in order to repeat the analysis or the whole testing, or even cancel the test. 

2.2 Positive and Negative Controls for BCR-ABL1 ES FISH Test 

A positive control and a negative control are always included in each batch of BCR-ABL1 ES FISH 

tests. A positive control can come from CML or ALL patients with known BCR-ABL1 fusion that 

gives unique signal patterns. Samples with ASS1 gene deletion in addition to BCR-ABL1 fusion 

(1R1G1F) can also serve that purpose. A positive control confirms that the correct BCR-ABL1 ES 

probe set is used, while a negative control helps to exclude any cross-hybridization. 

2.3 Analyzing and Interpreting BCR-ABL1 ES FISH Test Results 

We define the signal patterns for normal cells versus abnormal cells with true fusion signals by 

BCR-ABL1 ES FISH quantitation.  Normal cells have two separate green and two separate red 

signals and absolutely no fusion signal (2R2G0F). Close red and green signals but not fused (even if 

the gap between two signals is less than one signal) in a cell are scored as normal. Abnormal cells 

have one or more yellow fusion signals by truly overlapped (not just very close) red and green 

signals. Since the lengths of chromosomes are long during the interphase stage, it is very 

important to recognize the fact that a false fusion signal can result from touching or even twisting 

together of chromosomes 9 and 22, without actual BCR-ABL1 rearrangement. In a few cases with 

ABL1 gene amplification (one example is listed below), a false fusion signal has been recorded, but 

clarified by map-back FISH and PCR. 

 



OBM Genetics 2018; 2(4), doi:10.21926/obm.genet.1804038 
 

Page 9/22 

2.4 Discrepant Reading Results among Technologists 

Technologists performing the final analysis are required to follow defined criteria in the SOP 

manual to select the optimal interphase cells for quantitation. Nuclei that are broken, overlapped, 

or have significant background are avoided for analysis. Technologists are also required to capture 

at least one metaphase FISH image to demonstrate the right localization of all probe signals for a 

BM/PB culture specimen. It can be difficult to capture a metaphase from a BM/PB smear specimen, 

but a metaphase FISH image from the positive control specimen included in the same batch needs 

to be included in the report. If one reader has a reading result at or below the cutoff value, but the 

other reader has it above the cutoff value, a third reader is needed to score 100 nuclei within the 

hybridization target. Of the three reading results, the two closest to one another are combined to 

generate the analysis result of 200 nuclei. For any case with an initial analysis result at the cutoff 

value, both readers increase the number of nuclei assessed for analysis from 100 to 250. 

2.5 Unusual Signal Patterns 

One of the major challenges for technologists who perform the final analysis of a BCR-ABL1 

FISH test is to recognize all possible unusual signal patterns and distinguish them from background 

noise (especially when the FISH test is performed on BM/PB smear specimen and a low positive 

rate exists). An unusual signal pattern is defined here as a signal pattern other than the dominant 

patterns of 2R1G1F for p210 and 1R1G2F for p190, representing likely existence of cells with 

variant breakpoints and/or BCR-ABL1 fusion through a different mechanism, e.g., insertion [9, 11]. 

Cases with one or more copies of additional Ph+ are relatively commonly observed in our practice, 

and our technologists are familiar with this phenomenon. However, when a CML case has 

simultaneous gain of an extra Ph+ and simultaneous deletion of the extra red signal, the signal 

pattern then cannot be distinguished from the p190 signal pattern. When these unusual signal 

patterns are unknown previously and/or they present in small percentage of nuclei, they may be 

challenging to recognize. Nevertheless, they may be relevant clinically and a map-back FISH or 

other additional FISH tests as well as molecular testing such as PCR can help to verify them. 

Figures 4-8 are several examples of BCR-ABL1 positive cases with unusual signal patterns.  

 

Figure 4 A CML case with 1 to 3 additional Ph+ observed in both metaphase and 

interphase cells. 
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Figure 5 A CML case with an unusual signal pattern of 1R1G1F by BCR-ABL1 ES FISH 

(image not shown). The BCR/ABL1/ASS1 Tri-Color DF FISH Probe is then applied and 

further confirms that this is caused by BCR-ABL1 fusion with simultaneous ASS1 gene 

deletion on the abnormal chromosome 9 (the ASS1 probe also hybridizes to the band 

level of 9q34 and is labeled with aqua dye). 

 

Figure 6 A CML case with a mixture signal patterns (mixture of subclones): the signal 

pattern of 1R1G2F in this case is caused by simultaneous deletion of ASS1 gene and 

gain of an extra Ph+. This can be easily confused with the p190 form. The 1G4F signal 

pattern is caused by existence of two copies of Ph+ and an ider(22)t(9;22) with 

BCL/ABL1 fusion on both sides as shown on the metaphase image, and loss of both 

chromosomes 9. 
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Figure 7 A BCR-ABL1 fusion positive B-ALL case with an unusual signal pattern of 

1R1G1F on the interphase FISH images (middle in the top row) and but the fusion 

signal on the abnormal chromosome 9 on the metaphase FISH image (left in the top 

row) (A).  WPC22 confirms a tiny green signal on the abnormal chromosome 9 (B), 

indicating that the BCR-ABL1 fusion is caused by insertion of part of the BCR gene into 

the ABL1 gene in this case. 

 

Figure 8 Example of a CML without BCR-ABL1 fusion but with ABL1 gene amplification. 

It’s sometimes falsely recognized as positive for BCR-ABL1 fusion. 
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3. Post-Analytical QA/QC Measurement for BCR-ABL1 ES FISH Test 

3.1 Policy for Post-Analytical QC Measurement for BCR-ABL1 ES FISH Tests 

Errors can be made at any stage of BCR-ABL1 ES FISH testing, including accessioning error, 

mislabeling, cell culture failure, analysis itself and result reporting. Therefore, we established a 

procedure for error investigation and correction as part of our QA/QC policy, e.g., at least five 

cases are randomly selected to be observed and evaluated from start to finish by a laboratory 

supervisor, manager, or director. If detected, a laboratory supervisor or a senior technologist is 

assigned to investigate the nature of error and then discuss within a laboratory with the 

management team including laboratory director(s), pathologist(s), manager(s), and supervisor(s). 

Corrective action is recommended, approved, and executed as soon as possible to minimize the 

negative impact on patient care. A laboratory error log is maintained with corrective actions 

documented. The log is reviewed by the laboratory director monthly. If the corrective action leads 

to modification of the SOP, technologists are re-trained promptly. 

3.2 Proficiency Testing for BCR-ABL1 ES FISH Tests 

As stated in our laboratory QA/QC policy, proficiency tests provided by the College of American 

Pathologists (CAP) for FISH tests are included in our laboratory QM and CQI plan as a mechanism 

to assure the overall quality of the testing process. All proficiency FISH tests are treated and 

performed in the same way as are clinical samples collected from patients. We document the 

receiving, processing, testing, and reporting of results of all proficiency test samples. Corrective 

actions are required if a proficiency test result is considered unsatisfactory, and all possible causes 

of an unsatisfactory result are investigated and resolved. The laboratory director reviews and 

approves the results of all proficiency testing, including investigation of problems or trends, 

documentation of corrective action, solutions and conclusions. Our laboratory continuously 

participates the BCR-ABL1 FISH proficiency tests provided by CAP and all results have been 

satisfactory [12]. 

3.3 Establishment of a Dynamic Database and Continuous Monitoring of BCR-ABL1 ES FISH 

Testing 

Due to the advances of our laboratory information system (LIS), a dynamic database of all BCR-

ABL1 FISH tests that have been performed in our laboratory are electronically stored. It is 

convenient to use this database in the quality assessment of performance of BCR-ABL1 FISH 

testing. A summary of BCR-ABL1 ES FISH tests and all other FISH tests is generated and analyzed 

monthly and annually. With this database, a summary of FISH results of the same patient over 

time (e.g., from the initial FISH test before treatment until the latest FISH test after treatment) 

usually can be queried and reviewed graphically. We also periodically compare the results 

obtained by BCR-ABL1 ES FISH and other methods (e.g., BCR-ABL1 RT-PCR) from the same sample, 

if available. Any un-reasonable discrepancy between results obtained by two methods is 

investigated. 
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3.4 Validation of a New Probe Lot for BCR-ABL1 ES FISH Testing 

Any new lots of BCR-ABL1 ES FISH probe are tested and compared with the old lot in parallel [5, 

10]. Signal size, signal intensity and signal patterns of both the new and old lots are documented. 

Figure 9 is an example of the form used in our laboratory for this purpose. In practice, the newly 

received BCR-ABL1 ES FISH probe and all other FISH probes used in our laboratory, even if their lot 

number is not changed, are periodically tested to follow the guidelines listed in this form to 

guarantee a consistency and quality of service. 

 

Figure 9 Example of comparison of new and old probe lots/periodic review. 

Part II: QA/QC Measurement for MYC Tissue FISH Test 

1. Differences between BM/PB and Tissue FISH Tests 

FISH testing on formalin fixed paraffin embedded (FFPE) tissue sections is considered a 

powerful tool for detection of copy number variations (CNVs) (e.g., HER2/neu for breast cancer) 

and structural aberrations (e.g., ALK rearrangement in lung cancer) of certain genetic biomarkers 
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[1]. This method is also widely used for hematologic malignancies, especially various types of B-

cell and/or T- cell lymphoma [2], and a list of tissue FISH tests (e.g., for MYC, BCL2, BCL6, IGH, 

MALT1 and IRF4 genes) has been developed and adopted in clinical services in our laboratory.  

Unlike analysis of cell suspensions, the usual preparation for BM/PB FISH testing mentioned 

above, tissue FISH testing can be more labor intensive and more challenging for interpretation of 

results. For tissue FISH, more steps related to specimen treatment are required, including slide 

aging, wax removal, tissue re-hybridization and so on. Due to differences of fixation methods, 

lengths of fixation times, thickness and origin of tissue sections among samples and referring 

laboratories, optimizing each specimen treatment-related step is always a major challenge for the 

technologists who are performing the testing. For reasons such as blurry boundaries among 

adjacent cells (sometimes overlapping of two or more cells), truncation of signal(s) caused by 

tissue sectioning, and availability of interphase nuclei only for analysis, identification and 

interpretation of the signal pattern(s) can be dramatically limited [13]. Therefore, both 

technologists and laboratory directors should have a good knowledge of the FISH probe and the 

anomaly of interest in advance.  In the following section, we will use the MYC FISH test as an 

example to discuss the QA/QC measurements for tissue FISH testing in general. 

2. Pre-Analytical QA/QC Measurement for MYC Tissue FISH Test 

2.1 Rationale of Developing MYC Tissue FISH Test 

MYC, located on the chromosome 8q24.2 locus, is commonly rearranged in clinically aggressive 

B-cell lymphoma, particularly in virtually 100% of cases of Burkitt lymphoma and high-grade B-cell 

lymphoma with MYC and BCL2 and/or BCL6 gene rearranged, as well as about 10% of cases of 

diffuse large B-cell lymphoma [14-17]. The partner genes of MYC are most often the 

immunoglobulin genes: IGH gene located at 14q32, IGK located at 2p11, and IGL located at 22q11. 

MYC also can partner with non-immunoglobulin genes, most often PAX5. MYC tissue FISH testing 

is therefore essential for patient care with approximately 500 orders/year in our institution. 

2.2 Selection of Commercial Probe 

A MYC break-apart probe is favored over a fusion probe, e.g. IGH-MYC, mainly due to the ability 

of a MYC break-apart probe to detect potentially all cases with MYC rearrangement, regardless of 

the partner gene [18, 19]. As mentioned above for the BCR-ABL1 ES FISH probe, currently the Vysis 

LSI MYC Dual Color Break Apart Probe used in our Clinical Cytogenetics Laboratory is chosen after 

a parallel comparison with other commercially available MYC probes obtained from different 

vendors.  

2.3 MYC Probe Localization, Sensitivity and Specificity 

As soon as the commercial MYC probe is selected, the probe localization, sensitivity and 

specificity are performed following ACMGG guidelines. Twenty metaphases from 5 normal male 

BM samples (4 metaphases per sample) are analyzed by two technologists in parallel. All 

hybridization signals are demonstrated on the band level of 8q24.2 on the inverted G-banding 

images and no unexpected signal pattern (e.g., cross-hybridization) is observed (Figure 10). 
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Therefore, a probe sensitivity of 100% and specificity of 100% are achieved for the selected MYC 

probe.     

 

Figure 10 The MYC dual color break apart rearrangement probe localization. The probe 

hybridize to the band level 8q24.2 (yellow/fusion signals) on the DAPI banding 

(metaphases on the right side), which have been sequentially confirmed by inverted G-

banding (metaphases on the left side). 

2.4 Calculation of Normal Cutoff Values for MYC Tissue FISH 

Following the ACMGG guidelines for paraffin-embedded FISH analyses, 20 negative FFPE slides 

selected from our normal tissue bank including a wide spectrum of tissue types are processed 

under the same optimal conditions. At least 2 technologists are assigned to analyze a total of 200 

interphase cells each sample and document all signal patterns. Both mean ± 2SD (at 95% 

confidence level) and inverse beta functions are applied to establish the cutoff values, but for 

reporting purpose, the mean ± 2SD interval is used for most cases including the MYC tissue FISH 

testing in our laboratory [5, 20]. The main reason is that a stringent (low) cutoff value is preferred 

in our institution so that some patients with a low level positivity for a biomarker can be possibly 

enrolled into clinical trials. Our clinicians are aware of a possible higher false-positive rate by using 

these cutoff values. Table 3 represents the final reads from each specimen and cutoff values for 

various signal patterns observed during the validation procedures for MYC tissue FISH in our 

laboratory. As further confirmed using MYC rearrangement positive samples, the signal patterns of 

1R1G1F; 1G2F; 1R1F; 1G 1F; 2R2G and 1R1G are considered as positive signal patterns, whereas 

the signal patterns of 1F, 3F and 4F mostly indicate aneuploidy cell populations for MYC of 

unknown clinical significance.  

The validation report is approved and is signed by the laboratory director and is presented to 

and approved by institutional committee for new clinical testing before its implementation for 

clinical service. 

It’s important to point out that almost all probes used for tissue FISH testing (e.g., the MYC 

probe) are also applied for BM/PB FISH testing in hematologic malignancies in our laboratory, but 

the validation for BM/PB FISH testing of each probe is separately performed with a different cutoff 

value for each signal pattern compared with FFPE FISH testing.  
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Table 3 MYC tissue FISH validation: total reads and cutoff values for various signal patterns observed in 20 negative tissue specimen. 

Number ID 2F (%) 1F (%) 3F (%) 4F (%) 1R1G1F (%) 2F1G (%) 1F1R (%) 1F1G (%) 2R2G (%) 1R1G (%) Total (%) 

1  84.0 8.0 2.0 1.0 3.5 0.5 0.0 1.0 0.0 0.0 100.0 
2  77.5 13.0 5.5 0.0 2.5 0.0 0.0 1.5 0.0 0.0 100.0 

3  79.5 13.0 1.0 1.0 3.0 0.0 1.0 1.5 0.0 0.0 100.0 

4  78.5 6.5 3.0 4.0 4.5 0.0 1.0 2.5 0.0 0.0 100.0 

5  80.5 11.5 1.0 5.0 2.0 0.0 0.0 0.0 0.0 0.0 100.0 

6  87.0 4.5 3.0 2.0 2.5 0.0 0.5 0.5 0.0 0.0 100.0 

7  80.0 12.5 1.5 0.0 3.5 0.0 1.0 0.5 0.0 1.0 100.0 

8  77.0 9.5 2.0 1.5 7.0 0.0 1.0 1.0 0.0 1.0 100.0 

9  75.5 2.0 1.0 15.0 2.5 0.0 0.5 0.0 0.0 3.5 100.0 

10  80.0 11.0 0.5 3.5 4.0 0.0 0.5 0.0 0.0 0.5 100.0 

11  77.5 14.0 0.0 2.0 4.0 0.0 1.5 0.5 0.0 0.5 100.0 

12  85.0 7.0 4.5 0.0 2.0 0.0 0.0 0.0 0.0 1.5 100.0 

13  80.0 10.5 1.0 1.0 4.0 0.0 0.0 1.0 0.0 2.5 100.0 

14  80.5 8.0 4.0 1.5 4.0 0.0 0.0 0.0 0.0 2.0 100.0 

15  75.5 9.0 0.0 4.0 8.0 0.0 1.0 1.0 0.0 1.5 100.0 

16  85.0 8.5 2.5 0.5 3.5 0.0 0.0 0.0 0.0 0.0 100.0 

17  79.0 7.0 4.5 2.5 5.0 0.0 0.5 0.0 0.0 1.5 100.0 

18  81.0 4.5 11.5 0.5 2.0 0.0 0.5 0.0 0.0 0.0 100.0 

19  84.5 5.5 3.5 3.5 3.0 0.0 0.0 0.0 0.0 0.0 100.0 

20  74.5 10.0 10.0 1.0 3.5 0.0 1.0 0.0 0.0 0.0 100.0 

Total (%) 1602.0 175.5 62.0 49.5 74.0 0.5 10.0 11.0 0.0 15.5  

Number of Samples 20 20 20 20 20 20 20 20 20 20  

Average or mean (%) 80.1 8.8 3.1 2.5 3.7 0.0 0.5 0.6 0.0 0.8  
Standard Deviation (%) 3.5 3.2 3.1 3.3 1.6 0.1 0.5 0.7 0.0 1.0  

Cutoff values (＞mean+2SD) (%)  16.2 9.3 9.1 6.9 0.2 1.5 2.0 0.0 2.8  
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2.5 MYC Tissue FISH Competency Test for Technologists 

A written MYC tissue FISH competency test has been developed prior to the clinical utilization 

of this special test. A technologist has to be trained and pass a competency test including a written 

test; hands-on processes; analysis of test results, cutoff values, ISCN writing and trouble-shooting, 

before he or she is assigned to perform this test. The performance of each technologist for this 

test is always documented and monitored. 

3. Analytical QA/QC Measurement for MYC Tissue FISH Testing 

3.1 Error Detection 

At our hospital, 25 to 35% of all tissue FISH tests are performed on FFPE slides and/or tissue 

blocks received from other hospitals/clinics for consultation. Due to the complexity of specimen 

received (various specimen types; different labeling from each hospital/clinic; and different orders, 

e.g., single test vs. multiple tests on the same requisition form), it’s extremely important to insure 

that the correct test is performed on each specimen. Therefore, a strict policy for error detection 

and correction has been established in our laboratory, including but not being limited to, at least 

two identification numbers (e.g., test# and sample#) with patient’s name on each slide; checks for 

correct labeling before any treatment is added to the specimen; and at least two technologists 

assigned to complete the analysis. Other measurements for error detection are the same as that 

described above for the BCR-ABL1 ES FISH test. 

3.2 Positive and Negative Controls 

Ideally, test-specific positive and test-specific negative control specimens should be included 

each time. However, different from BM/PB FISH testing, this QC measurement may not be very 

practical, especially for laboratories with limited test volumes, mainly due to increased expenses 

of probe and other reagents; prolonged turnaround time (TAT) while batching the same test 

orders and even an unavailability of positive control samples. In our laboratory with a relative 

large volume for each specific test, we also try to batch all the same test orders (e.g., MYC tissue 

FISH) without jeopardizing the TAT and include test-specific positive and negative controls in the 

same run. However, we sometimes have to batch different test orders with the same test 

conditions (e.g., same hybridization temperature; same hybridization length; even same wash 

conditions) to be included in the same run, and at least one positive control for a specific test (e.g., 

ALK or HER2/neu controls, mostly) is included for each run. A database of positive and negative 

controls included in each run is established, and is reviewed by laboratory supervisor to decide 

which positive and negative controls to be included in the next run of a batch of various test 

orders.  

3.3 Discrepant Reading Results among Technologists 

Similar to BCR-ABL1 BM/PB FISH testing, two technologists are primarily assigned to performing 

the final FISH signal analysis, 100 nuclei per technologist. The technologists are required to make 

their best judgements by following defined criteria. Once discrepant reading results among these 

two technologists occur, a third technologist is needed to analyze 100 nuclei as well. For a few 



OBM Genetics 2018; 2(4), doi:10.21926/obm.genet.1804038 
 

Page 18/22 

cases, even a fourth technologists is required. Two reading results with the closest reading 

numbers are usually used for the final report. For some sophisticated cases, a laboratory director 

and/or pathologist is involved in the FISH signal analysis, morphologically identifying scattered 

target tumor cells by comparing FISH and H&E stained slides. 

3.4 Unusual MYC Tissue FISH Signal Patterns 

All BM/PB and tissue FISH tests are validated using 20 normal samples and a limited number of 

positive specimens. A great effort is made to identify and include all possible signal patterns 

during the validation procedure, however, FISH signal patterns not observed during validation are 

often detected in clinical cases. A rational interpretation of these findings is very important for 

clinical management. In these circumstances, a careful literature search and literature review can 

be very helpful. Two examples of unusual MYC tissue FISH signal patterns are listed below (Figures 

11 and 12). Figure 11 represents a case with a mixture of signal patterns, including several positive 

signal patterns (e.g., 1R1G1F, 1R1F, 1G1F and 1R1G2F) listed in Table 3.  Both technologists and 

the laboratory director should be aware that this can be caused by either complexity of 

chromosomal abnormalities or overlap and/or truncation of signals. Therefore, in cases like this, a 

positive result is concluded based on the fact that the reading result of at least one positive signal 

pattern, but not the sum of two or more positive signal patterns, is above the cutoff value. In a 

rare situation that the sum of reading results of several positive signal patterns are very high but 

none of the reading results of each positive signal pattern is above the cutoff value, a third or even 

a fourth technologist can be assigned to re-analyze the case. Repeating the test with a new slide 

with further defined areas of interest may solve the puzzle. Figure 12 represents a case with 

5’MYC amplification. Different from cases with amplification of intact MYC but no rearrangement, 

this result is considered as a positive signal pattern for MYC rearrangement, but was not observed 

during the validation.  

 

Figure 11 A MYC rearrangement positive case with a mixture of signal patterns, 

including several positive signal patterns (e.g., 1R1G1F, 1R1F, 1G1F and 1R1G2F). 
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Figure 12 A MYC rearrangement positive case with 5’ MYC amplification. 

3.5 Interpreting MYC Tissue FISH Test Results 

As same as for all other tissue FISH tests, a “borderline” MYC tissue FISH result is one of the 

biggest challenges in interpretation. For this matter, a careful correlation with results of other 

related tests such as immunohistochemistry (IHC), NGS and RNAseq can be very helpful. Other 

validated and available FISH Probe for MYC rearrangement (e.g., IGH/MYC fusion probe), no 

matter they are used as a reflex test or not in the laboratory, can be applied to repeat the testing. 

It has been reported that approximately 5% of MYC rearrangement cases can be detected by 

IGH/MYC fusion probe but not the MYC break-apart probe [15, 18]. Other available methods such 

as Southern-blot or multiplex PCR can be applied to further clarify the status of MYC 

rearrangement in the sample. Sometimes, a test fails after repeated attempts of analysis. It is 

necessary to include the possible reason(s) for the failure of a test, such as unknown type of 

fixative and aging of paraffin block, in the final report. 

4. Post-Analytical QA/QC Measurement for Tissue FISH Tests 

4.1 Policy for Post-Analytical QC Measurement and Monitoring all Tissue FISH Test Reports 

A written procedure for error investigation and correction has been implemented, and a policy 

for post-analytical QC measurement has been established and followed in our laboratory for 

monitoring MYC and all other tissue FISH test performances, including sample mislabeling, failed 

cases and possible reason(s), typographic errors, addendum/corrected reports and TAT issues. For 

example, in each month, 5 or more tissue FISH tests which have been reported within the previous 

month are randomly chosen for post-analytical reviews by the laboratory directors.  

4.2 Proficiency Test for Tissue FISH Testing 

Our laboratory actively participates in the College of American Pathologists (CAP) proficiency 

testing (PT) available for all tissue FISH tests including MYC. For the tissue FISH tests without 

commercial PT available, at least one previously tested positive specimen is used to perform inter-
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experimental and intra-experimental comparison bi-annually to monitor the performance of our 

MYC tissue FISH testing.  

4.3 Establishment of a Dynamic Database and Continuous Monitoring Tissue FISH Testing 

In our laboratory, all procedure steps and important information are captured and stored in our 

laboratory information system (LIS) in real-time, including but not being limited to specimen 

accession and labeling, sample treatment and outcomes, sample analysis and results (e.g., reading 

numbers by each technologist and signal intensity) and final reports. A summary of each type of 

tissue FISH tests (e.g., MYC) is generated and analyzed both monthly and annually. 

In summary, FISH testing plays an important role in the clinical practice of hematologic 

malignancies. Implementation of QA/QC measurements involving all steps of this test is necessary 

to guarantee the consistency and quality of this test. 
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