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Abstract: As a clinical diagnostic technique, fluorescence in situ hybridization (FISH) is simple,
reliable, cost-effective and widely applicable. Due to technology advances, automation systems
are adapted in FISH in different ways, involving all and/or some of the following procedural
steps: sample processing, probe distribution, hybridization, post-wash, result analysis and/or final
report preparation. To better understand the status and prospective of FISH automation, a survey
has been recently performed among Cytogenetic Laboratory Directors and/or their designated
Laboratory Managers, Supervisors or certified Cytogenetic Technologists. We present here the
preliminary analysis of this survey, to advocate more discussion about standardization of the FISH
automation as well as implementation of FISH automation as part of educational programs for
Cytogenetic Technologists.
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1. Introduction

Fluorescence in situ hybridization (FISH) is simple, reliable and cost-effective. It is a
major technology widely applied for clinical diagnosis, especially for hematologic malig-
nancies, even in the era of next-generation sequencing (NGS). Attributable to the advances
of technologies, automation systems are adapted in FISH sample processing and/or result
analysis in clinical diagnostic laboratories. The only available FISH automation survey
data were from a participant summary report (PSR) from College of American Pathologists
(CAP) between 2017 and 2020 [1]. It indicated that only 15–20% laboratories were using au-
tomation in their FISH processing or analysis then. Currently, there are no CAP/American
College of Medical Genetics and Genomics (ACMG) guidelines/recommendations on FISH
automation. Preliminary data are needed to explore the possibility of standardizing FISH
automation in sample preparation, hybridization, data analysis and result reporting. In
order to assess how FISH automation is adapted in clinical cytogenetics laboratories, we
conducted a survey during the summer of 2022. The survey was built on a Qualtrics
Survey platform, and the link was distributed to the Cytogenetic Listserv, where most
of the members are Cytogenetic laboratory Directors and/or their designated Managers,
Supervisors or certified Cytogenetic Technologists. Although the results of this survey
should be considered as preliminary, they could trigger more discussion about FISH au-
tomation standardization. The results from this survey could be used in a large-scale survey
with better design. The primary goals of this survey are to identify FISH steps that are
suitable for automation, in order to improve FISH result quality and comparability as well
as the importance and urgency of implementing FISH automation, as part of educational
programs for Cytogenetic Technologists.
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2. Survey Design

The survey was limited to one submission from each laboratory in order to avoid a redun-
dancy in the data. Submissions from similar IP addresses were reviewed, and only the one with
the most complete data was included for analysis. First, the tests and services provided by a clini-
cal laboratory were queried. Only laboratories currently providing FISH testing were requested
to complete the survey regarding FISH automation status. The pre-signal analytic steps include
automated sample processing for fixation, automated FISH probe denaturation, application to
specimen and hybridization and automated post-wash with a programmable auto wash system.
The signal analytic steps include automated image acquisition (whole slide imaging), automated
identification of Region of Interest (ROI), automated cell segmentation with/without manual
review and automated signal counting with/without manual review. The post-signal analytic
steps include automated counting result calculation and automated report generation.

3. Survey Sample Population

In total, 45 surveys were returned, of which 7 incomplete surveys were excluded,
resulting in 38 surveys qualifying for this study. Since some respondents left 1 or 2 questions
unanswered in the surveys, data might not add up to a total of 38 in all questions.

4. Survey Results

Table 1 summarized all survey questions and responses. There were 29 (76.3%) respon-
dents who stated that their laboratories perform FISH testing for both hematologic and/or
other cancer samples along with constitutional samples. Eight laboratories (21.1%) perform
FISH testing for hematologic and/or other cancer samples only. One laboratory (2.6%)
provides FISH testing for constitutional samples only. Twenty-seven (71.1%) respondents
stated that they perform chromosome analysis by karyotyping, 25 (65.8%) perform FISH
testing for blood samples, 28 (73.7%) perform FISH testing for bone marrow samples, 27
(71.7%) perform FISH testing for tissue samples, 24 (63.2%) perform micro-array analysis
and 15 (39.5%) perform next-generation sequencing.

Table 1. A summary of survey questions and responses to them.

What testing area does your lab cover?

Hematologic and /or cancer samples 8 21.1%
Constitutional samples 1 2.6%
Both 29 76.3%
Total 38

Service(s) your lab provide

Chromosome analysis via karyotyping 27 71.7%
FISH-blood 25 65.8%
FISH-bone marrow 28 73.7%
FISH-tissue 27 71.7%
Micro-array analysis 24 63.2%
Next-generation sequencing 15 39.5%
Total 38

Do you use automation for FISH sample processing?

Yes 16 42.1%
No 22 57.9%
Total 38

Do you use automated FISH spot counting in your lab?

Yes 11 28.9%
No 27 71.1%

Total 38

Do you use automated FISH spot counting for FFPE samples?

Yes 3 7.9
No 13 34.2
Not answered 22 57.9
Total 38

Pre-signal Analytic Steps

Automated FISH probe denaturation and hybridization 10 26.3%
Automated post-wash with a programmable auto wash system 12 31.6%
Automated image acquisition (whole slide imaging) 6 15.8%
Automated tissue (sample?) processing for fixation 12 31.6%
Automated identification of ROI 2 5.3%
Total 38
Automated cell segmentation with/without manual review 2 5.3%
Automated signal counting with/without manual review 9 23.7%
Total 38

Post-signal Analytic Steps

Automated counting result calculation (ratio, % signal patterns) 10 26.3%
Automated report generation (pie chart, table) 5 13.2%
Total 38
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Sixteen (42.1%) respondents stated that automation was used for FISH sample process-
ing. Eleven (28.9%) respondents stated that automated FISH spot counting was applied in
their laboratories. However, the automated FISH spot counting was applied for FFPE sam-
ples in only three (7.9%) laboratories participating in this survey. We designed questions
for automation based on pre-signal analytic, signal analytic and post-signal analytic steps.

In terms of automation for pre-signal analytic steps, tissue processing for fixation was
automated in 12 (31.6%) laboratories. FISH probe denaturation and hybridization were
automated in 10 (26.3%) laboratories. The post-wash with a programmable auto wash
system was administered in 12 (31.6%) laboratories. Automated identification of ROI was
adapted in two (5.2%) laboratories only. For signal analytic steps, image acquisition was
performed using a whole slide scanner in six (15.8%) laboratories. Two (5.3%) respondents
stated that their laboratories use automated cell segmentation with/without manual review.
Nine (23.7%) use automated signal counting with/without manual review.

The response distribution for post-signal analytic step automation showed that au-
tomated counting result calculation in 10 (26.3%) laboratories only and automated report
generation in 5 (13.2%) laboratories only.

5. Discussion

CAP surveys include questions about FISH automation. The CAP PSR for FISH
provided a very good starting point for exploring current FISH automation status. Data
from 2017 to 2020 included as many as 272 laboratories performing clinical FISH tests.
During the three-year period, FISH counting was performed manually in the majority of
CAP-accredited laboratories and ranged between 188 (81.4%) and 233 (85.6%) among all
laboratories surveyed. A fully automated FISH counting method was then adapted in 10
(3.7%) to 13 (3.8%) laboratories, and a certain level of automation for FISH counting was
applied in the rest of the laboratories surveyed (28/11% to 35/13.3%) [1]. However, the
PSR did not explore FISH automation applied in many other steps that could potentially be
automated then. Despite a smaller sample size (N = 38), our survey attempted to investi-
gate FISH automation more closely, with steps involving both counting and non-counting
aspects. The participants of this survey represented traditional clinical cytogenetics lab-
oratories performing both karyotyping and FISH analysis in the same specimen. There
are opportunities to automate many or even all steps involving FISH analysis, such as
specimen/slide preparation, probe denaturation and hybridization, post-wash, image
acquisition, etc. All these could contribute to improved workflow efficiency and quality.
Our survey indicated that more than two-fifths of the FISH laboratories have automated
their sample processing regardless of the sample types; approximately one-third of the
FISH laboratories have applied automated spot counting in their FISH testing. Concerns
about the outcome could explain why there is no laboratory using a complete automated
process at this time. Currently, a completely automated process without manual quality
checks in multiple steps seems unrealistic. A partially automated process allows manual
quality checks to ensure accuracy of outcome.

Early studies validated the FISH pretreatment automation for different sample types [2].
There were also multicenter studies exploring the feasibility of FISH automation in either
wet lab or imaging on FFPE samples [3–5]. It seemed sample processing was more likely to
be automated, especially in laboratories with high-volume testing. With many new auto-
mated sample processors being commercially available and validated, more laboratories
will take advantage of technological advances to automate wet lab processes. According to
our survey, the percentages of laboratories performing automated FISH counting are still
low but have apparently increased (28.9% versus 13.3% in the CAP PSR) over time. Overall,
FISH counting automation has trended upwards for the last five years, with the exception
of FFPE FISH counting. FFPE FISH counting requires a high level of manual review that
is not suitable for full automation now. Automated counting facilitates automated result
calculation (26.3%) and automated report generation (13.2%). Many automated FISH count-
ing software could export results to a spreadsheet. The Laboratory Information System
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(LIS) needs to authorize a built-in function to import numerical results to report templates
in each facility.

Another goal of this survey is to identify the area of FISH automation for training
purposes. The American Society for Clinical Pathology (ASCP) Board of Certification
(BOC) Cytogenetics (CG) Exam currently does not require any training on FISH automa-
tion. The National Accreditation Agency for Clinical Laboratory Sciences (NAACLS) has
an outdated Entry-Level Competencies for Cytogenetics Technologists, and it does not
include any requirement for FISH automation. Clinical laboratories train their staff when
acquiring new instruments from different vendors for FISH automation. Training programs
for Cytogenetic/Medical Technologists might not have resources to keep up with new
automation training. With more FISH automation instruments becoming available and
validated, teaching courses could be updated or at least be structured based on pre-analytic,
analytic and post-analytic automation, regardless of vendors and devices.

In summary, this survey has touched the basics of FISH automation, mainly utilized in
traditional cytogenetic laboratories in the US. Due to the variety of diagnostic services/tests
provided by them, the degree of FISH automation varies among the survey-participating
laboratories. We believe new surveys with more detailed information such as validation of
FISH automation performed, number of cells/signals counted for each test (e.g., suspension
FISH versus tissue FISH), limit of detection of tests by FISH automation, etc., are necessary
to be organized by certain scientific communities, such as CAP and/or ACMG.

Author Contributions: Conceptualization, J.G. and Z.T.; writing—original draft preparation, J.G.;
writing—review and editing, Z.T. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Informed Consent Statement: Not applicable.

Acknowledgments: We acknowledge all laboratories and peers who have participated in this survey.
We are grateful to the Cytogenetic Listserv for allowing us to distribute the survey link through its
platform/mailing list.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Gu, J.T.Z.; Chen, H.; Sfamenos, S.; Geiersbach, K.B. HER2 FISH for Breast Cancer: Advances in Quantitative Image Analysis and

Automation. OBM Genet. 2020, 4, 109. [CrossRef]
2. Jacobson, K.; Thompson, A.; Browne, G.; Shasserre, C.; Seelig, S.A.; King, W. Automation of fluorescence in situ hybridization

pretreatment: A comparative study of different sample types. Mol. Diagn. 2000, 5, 209–220. [CrossRef] [PubMed]
3. Tubbs, R.R.; Pettay, J.D.; Swain, E.; Roche, P.C.; Powell, W.; Hicks, D.G.; Grogan, T. Automation of manual components and image

quantification of direct dual label fluorescence in situ hybridization (FISH) for HER2 gene amplification: A feasibility study. Appl.
Immunohistochem. Mol. Morphol. 2006, 14, 436–440. [CrossRef] [PubMed]

4. van der Logt, E.M.; Kuperus, D.A.J.; van Setten, j.; van den Heuvel, M.C.; Boers, J.E.; Schuuring, E.; Kibbelaar, R.E. Fully
automated fluorescent in situ hybridization (FISH) staining and digital analysis of HER2 in breast cancer: A validation study.
PLoS ONE 2015, 10, e0123201. [CrossRef] [PubMed]

5. Zwaenepoel, K.; Merkle, D.; Cabillic, F.; Berg, E.; Belaud-Rotureau, M.; Grazioli, V.; Herelle, O.; Hummel, M.; le Calve, M.; Lenze,
D.; et al. Automation of ALK gene rearrangement testing with fluorescence in situ hybridization (FISH): A feasibility study. Exp.
Mol. Pathol. 2015, 98, 113–118. [CrossRef] [PubMed]

http://doi.org/10.21926/obm.genet.2002109
http://doi.org/10.1007/BF03262078
http://www.ncbi.nlm.nih.gov/pubmed/11070155
http://doi.org/10.1097/01.pai.0000213101.26193.f1
http://www.ncbi.nlm.nih.gov/pubmed/17122642
http://doi.org/10.1371/journal.pone.0123201
http://www.ncbi.nlm.nih.gov/pubmed/25844540
http://doi.org/10.1016/j.yexmp.2015.01.005
http://www.ncbi.nlm.nih.gov/pubmed/25576649

	Introduction 
	Survey Design 
	Survey Sample Population 
	Survey Results 
	Discussion 
	References

