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MetaSystems White Paper 

AUTOMATED SOLUTIONS FOR CANCER GENETICS 
MetaSystems – Innovative Solutions for Automated Microscope-based Imaging 

As diverse as the manifestations of cancer are the research approaches used by labora-
tory experts in cancer genetics worldwide to prevent, identify, and tackle the disease. 
MetaSystems has more than 35 years of experience in automated slide scanning for med-
icine and life sciences. Automated workflows can be customized for occupational cancer 
studies and genetic toxicology (in vitro micronucleus assay and the Comet assay), for can-
cer genetics (karyotyping and fluorescence in situ hybridization), and for therapy moni-
toring (detection of rare tumor cells). Time-consuming and tedious manual steps can be 
accelerated or even completely avoided with automated microscopy. Turnaround times 
can be reduced, and experts have more time to focus on complex tasks. 

 

 

Highlights 

Automation is key to standardization and 
reduction of processing times. 

a Brightfield and fluorescence illu-
mination for different techniques 
on the same imaging system. 

a Unattended slide scanning of up 
to 800 slides possible. 

a Standardized templates for re-
porting. 

a Sophisticated case and image 
management. 

a Integration to a Laboratory Infor-
mation Management System 
(LIMS) possible. 

a Software add-on available for GLP 
compliance. 

a Network of installations scalable 
to growing demands. 

Introduction 

Cancer is still the second leading cause 
of death worldwide. The disease kills 
nearly 10 million people each year, 
with over 3.7 million lives that could be 
saved with appropriate strategies for 

prevention, early detection, and timely 
and high-quality treatment. World Can-
cer Day is an international day cele-
brated on February 4 to raise 
awareness and fight against the une-
qual distribution of detection and 
treatment options, any form of misin-
formation, and stigmatization. 

Figure 1: Fully automated scanning system run by the Metafer software. The installation shows an application-
specific adaptation to the in vitro micronucleus assay. Hardware add-ons for high-volume scanning allow unat-
tended scanning of up to 800 slides. 
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Microscopy is a key technology in nu-
merous areas of cancer diagnostics 
and is considered by many to be a gold 
standard. Unfortunately, many micro-
scope-based evaluation techniques 
are time-consuming and complex if 
they must be performed manually. 
This ties up trained experts, who are 
thus prevented from carrying out more 
advanced work. With automatable mi-
croscopy aids, professional digital im-
aging, and artificial intelligence 
substantial parts of the manual work 
steps can nowadays be completely or 
partially automated. Doctors, biolo-
gists, and other healthcare providers 
thus get more time to spend on the ac-
tual result analysis. 

For more than 35 years, MetaSystems 
has helped cancer diagnostic experts 
improve and simplify their micro-
scope-based workflows. MetaSystems 
installations have since evolved into la-
boratory-wide solutions in many areas 
of cancer diagnostics. The network of 
installations is scalable to grow with fu-
ture demands. By linking to an existing 
LIMS (Laboratory Information Manage-
ment System), the microscopy solution 
seamlessly integrates into the labora-
tory environment. 

Prevention 

Occupational Toxicology 

In many occupations, workers are at 
risk of exposure to potentially carcino-
genic substances. Preventing cancer 
therefore involves identifying these 
sources of danger and quantifying 
their effects on the body to take 

appropriate protective measures. The 
so-called micronucleus test makes it 
possible to detect the effects that po-
tentially carcinogenic substances have 
on human DNA [1]. For this purpose, 
for example, nasal mucosa or buccal 
cells of persons who are occupationally 
exposed to potentially harmful sub-
stances can be examined. 

This relatively simple microscope-
based screening method allows for de-
tecting DNA-damaging effects in large 
populations. This is even more true if 
evaluation of the tests is expedited and 
standardized by means of automation. 
MetaSystems' Metafer software offers 
a range of application packages for the 
automation of toxicological tests. In 
addition to the micronucleus test, the 
Comet assay should be mentioned 
here, which makes the effect of sub-
stances on DNA directly detectable on 
a single cell basis. 

Diagnostics 

If cancer is suspected, early and accu-
rate diagnosis is essential. Just as there 
are many different types of cancer, 
there are also many ways to identify 
them. Among all the methods, cytoge-
netics in particular enables direct de-
tection and localization of changes in 
the genome [3]. 

Intelligent Karyotyping 

Karyotyping provides a very detailed 
and complex insight into the state of 
chromosomes. Unfortunately, evalua-
tion and assessment are equally com-
plex and require elaborate 

procedures, perfect organization of 
workflows, and expert knowledge for 
evaluation. 

Innovations in Deep Learning have 
launched the next generation of digital 
karyotyping. The advanced algorithms 
in the karyotyping software Ikaros sim-
plify the entire preparation process for 
karyotype analysis, from chromosome 
separation to classification. This 
method replaces tedious manual pro-
cessing steps and helps the experts fo-
cus on the actual analysis and 
drastically shortens turnaround times.  

Rapid FISH Spot Workflow 

Fluorescence in situ Hybridization 
(FISH) can be used to specifically mark 
regions in the genome known to be af-
fected by rearrangements in certain 
cancers (for example, leukemias). The 
evidence is provided microscopically 
by detecting and quantifying specific 
signal patterns. Routine evaluation of 
such spot patterns takes time, but for-
tunately can be easily automated [4]. 

Figure 2: The screen shows the Ikaros software, which 
uses artificial intelligence to provide karyogram sug-
gestions rapidly and reliably for the expert's review. 
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The Rapid FISH Spot Workflow devel-
oped by MetaSystems enables the 
combination of optimized FISH probes, 
rapid automated acquisition of cells 
and their signal patterns, and a unique 
review step that allows the automated 
acquisition suggestions to be con-
firmed or corrected in the least 
amount of time. The workflow consists 
of three essential parts. First, the sam-
ples, whether from single cell prepara-
tions or tissue sections, are hybridized 
with DNA-FISH probes (XL probes) 
from our sister company MetaSystems 
Probes. These probe kits allow for 
shortest hybridization times 
(RapidHyb) and show signals that are 
optimized for automated imaging. 
RapidScan, scanning of slides and de-
tection of nuclei, can be done fully au-
tomated using the Metafer software. 
FISH spots are captured in focus 
stacks, and the software generates a 
proposed spot pattern for each cap-
tured nucleus. With the third step, Rap-
idScore, the expert interactively 
reviews the spot patterns with the help 
of the innovative RapidScore key-
board. The keys on this instrument 

automatically adjust to the FISH probe 
arrangement, allowing the user to con-
firm or correct the automatic results 
with just one keystroke. 

The Rapid FISH Spot Workflow, an ap-
plication package for the Metafer scan-
ning software, is thus a routine 
workflow designed to support swift 
and professional cancer diagnostics. 
The method impresses with its ability 
to combine fast yet high-quality hybrid-
ization with automated imaging and a 
review step by experts in such a way 
that the final evaluation can be per-
formed in just a few minutes. 

Therapy Monitoring 

Rare Cell Detection 

If a patient is diagnosed with cancer 
and therapy is started, it is essential for 
the success of treatment to regularly 
check the effectiveness of the 
measures taken. In addition to reap-
plying the methods already used for di-
agnosis (for instance, the examination 
of FISH signals), there are also 

methods designed to find the rare tu-
mor cells present in the patient's pe-
ripheral blood. The problem here is 
that these cells are extremely rare, 
making them virtually undetectable by 
manual methods. 

A combination of enrichment of the tu-
mor cells in culture, use of specific 
markers, and automatic detection of 
the cells using Metafer software has 
proven to be a possible way out of this 
dilemma. This so-called Rare Cell De-
tection procedure helps the experts to 
continuously monitor the success of 
their therapy measures [5]. 

Conclusion 

The automation of microscopy as an 
aid in cancer diagnostics not only 
speeds up many procedures, but also 
contributes to the standardization of 
processes. Not to be forgotten is the 
fact that when Metafer scanning soft-
ware is used, each work step and each 
examined cell is stored in the form of 
images and records of analysis. This 
automatically creates an archive with 
all data, which can be used as a basis 
for the final diagnosis by the physi-
cians. 
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Figure 3: With the Rapid FISH Spot Workflow, the expert interactively checks the spot patterns using the RapidScore 
keyboard (shown in the center of the image). The keys of this device automatically adapt to the arrangement of the 
FISH probes, allowing the user to confirm or correct the automatic proposals with just one keystroke. 
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About MetaSystems 

For 35 years, MetaSystems has been 
developing and producing innovative 
solutions for automated microscopy-
based imaging for the healthcare and 
biotechnology sectors. Our headquar-
ters are located in the southwest of 
Germany in the Rhine-Neckar metro-
politan region near Heidelberg. 

We are a global company with an inter-
national team working in Germany and 
in our subsidiaries in North and South 
America, Europe, India, and China. Our 
customers can be found in institutes, 
hospitals, and universities in over 100 
countries around the world. 

We continuously develop our products 
in close connection with our users, 
thus combining innovation with tradi-
tion. Our modern approaches include 
an advanced workflow management 
that grows with your requirements and 
the use of artificial intelligence. In 
many segments, this has enabled us to 
achieve an international top position 
on the market. 

Want to Know More? 

MetaSystems offers innovative solu-
tions for automated microscopy imag-
ing for numerous applications with 
brightfield and fluorescence illumina-
tion. 

Would you like to know more about 
how MetaSystems uses artificial intelli-
gence? Please contact us at 
info@metasystems-internation.com.  
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The described functions refer to the following software versions: Ikaros 6.3 | Metafer 4.3.  
MetaSystems software and system products are classified as in vitro diagnostic medical devices (IVD) in the 
European Union in accordance with the Regulation (EU) 2017/746 or Directive 98/79/EC, respectively, and 
carry the CE label unless otherwise indicated. Use all MetaSystems products only within the scope of their 
intended purpose.  
MetaSystems products are used in many countries worldwide. Depending on the regulations of the respec-
tive country or region, some products may not be used for clinical diagnostics.  
Some hardware components supplied by other manufacturers are not included in MetaSystems IVD prod-
ucts and are therefore not IVD medical devices. 
The presented solutions are application-specific adaptations of the Metafer software. It is possible that fur-
ther adaptations to specific specimen conditions are necessary. 
Please contact us for further information. 
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