
Discovering and developing clinically applicable expression 
biomarkers using archived FFPE tissue samples

Introduction
We are at the beginning of an exciting journey towards developing 
personalized medicine treatment regimes, where a patient is 
diagnosed and an appropriate therapy is selected based on their 
personal molecular profiles. At the heart of effective personalized 
medicine is the development and validation of clinically actionable 
biomarker-based diagnostics. 
 
As a standard clinical sample type, formalin-fixed paraffin-embedded 
(FFPE) tissue samples provide a tremendous opportunity to discover, 
validate, and apply novel biomarker signatures. Estimates suggest 
that there are nearly one billion FFPE samples stored in biobanks 
globally, representing an invaluable resource of samples for clinical 

research. The value of these archived samples is that they are often 
accompanied by extensive clinical annotation including, most 
importantly, clinical outcome. This allows for the rapid retrospective 
discovery and validation of biomarkers, often saving years and 
thousands of dollars associated with prospectively acquiring clinical 
samples. In addition, being able to use FFPE samples represents no 
requirement to change standard practice for sample acquisition. For 
these reasons, it has been the medical research community’s strong 
desire (and necessity) to work with FFPE samples for genomic and 
transcriptomic biomarker studies. Until now, working with FFPE 
tissue for such studies has been challenging due to the poor quality 
and quantity of nucleic acid obtained from these samples.

Austin Tanney, Scientific Liaison Manager for Almac Diagnostics, 
has built a wealth of knowledge on how to successfully discover 
and validate clinically applicable expression biomarkers from 
difficult FFPE samples using array technology. In this article, Austin 
discusses the opportunities and challenges of working with FFPE 
tissue, the use of arrays for clinical test development, and his 
visions for technologies driving toward personalized medicine. 

n How would you describe the importance of FFPE 
samples in translational research and molecular 
pathology in the path towards personalized medicine?

I think that being able to work with FFPE samples is critical to 
success in personalized medicine, particularly in oncology. 
Formalin fixation and paraffin embedding of samples is routine 
clinical practice, and it’s an excellent way to preserve tissue. FFPE 
tissue sections work perfectly well for standard histology, and this 
means that all basic diagnostics and testing are done using this 
type of material. However, for genomics-based research to enable 
personalized medicine approaches, the problem that we have 
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faced in the past is the difficulty of extracting and working  
with nucleic acids from this type of material. Thankfully, that  
is a hurdle we have now overcome by using novel technologies, 
such as new arrays and assay kits that can handle these sample 
types, accompanied by well-thought-out experimental design.

n Almac has developed a wealth of knowledge into 
how to perform robust genomic experiments with 
clinical samples, such as FFPE tissue. What would  
you say are some of the critical factors people need  
to consider when working with FFPE samples?

Working with FFPE samples is not easy. There are no clear-cut 
and simple RNA quality control parameters that will tell you 
whether a sample will work or not. RNA integrity number 
(RIN)—a standard method for assessing the quality of RNA 
based on molecular weight distribution—is essentially irrelevant, 
as the RNA extracted from FFPE samples is degraded and exists 
as short fragments. Some would point to the age of the sample, 
and while there are data to support the theory that RNA does 
continue to degrade over time, we’ve obtained data from some 
15-year-old samples that are better than some that are just two 
years old. It all depends on how the sample is fixed and stored 
over time, and this varies dramatically from lab to lab.

As the years have gone by, we’ve seen the evolution of better 
kits for extraction and nucleic acid amplification from a range  
of different companies, and that has made things a lot easier; 
however, the key to success with FFPE tissue is experience and 
study design. A well-designed study that accounts for analytical 
and technical variables as well as biological variables is very 
important. In terms of experience, we are at a point where if we 
can amplify enough RNA, we can get good data from the sample. 

n You started your work on the Xcel™ Array and the 
DSA™ Arrays many years ago now; what was the 
motivation behind designing such arrays?

Our principal focus from the beginning has always been the 
development of clinically applicable genomic-based diagnostic 
tests. To do this, we needed tools that fully represented the 
complexity of the transcriptome of the diseases that we were 
focused on and that, importantly, would allow us to work with 
FFPE samples; at that time, such tools were not readily available.

In order to address these technology gaps, we first developed 
our series of DSA Arrays. These are five different disease-focused 
arrays that represent the transcriptome of five common cancers: 
colorectal, breast, lung, ovarian, and prostate cancer. To develop 
these, we carried out extensive Sanger sequencing projects from 
a balanced library of samples of tumor and normal tissue from 
the different diseases. We also did some initial studies looking at 
expression in FFPE tissues and identified that we got a better 

signal at the 3’ end of the transcript. We carried out the majority of 
the sequencing from the 3’ end of the transcript in order to ensure 
we captured the “true” 3’ end of each transcript as it appeared in 
the tissue of interest, so we focused on the last 300 base pairs of 
the transcripts for DSA Array probe design.  

When it came to the selection of a platform, Affymetrix was clearly 
the best solution as the market leaders and the most experienced  
in array development. The GeneChip® platform is really the gold 
standard for array analysis and was our first choice of platform 
from the outset.

As time progressed, we saw an increasing interest in array 
profiling in cancers outside of the five we had covered and also  
an interest in discovering biomarkers that were transferrable 
between tissue types. Our solution to this was to design the Xcel 
Array. This is a redesigned version of the GeneChip® Human 
Genome U133 Plus 2.0 Array with significant additional content 
from our own large-scale sequencing projects. Consistent with 
our DSA Arrays, the probe design is focused on the last 300 
bases of the transcript so that better data is obtained from FFPE 
samples. We’ve seen a great deal of interest in the Xcel Array, 
and due to this interest, we have now licensed this array to 
Affymetrix as one of their catalog arrays. 

n Almac has been very successful in discovering and 
developing biomarkers for clinical utility, particularly 
gene expression biomarkers. What factors do you think 
have contributed to your success?

Our business model involves both in-house biomarker development 
supporting our internal pipeline and contract biomarker services to 
the biopharma market. Through our own research and development 
work, we have learned a great deal about how to successfully 
discover and develop biomarkers, and this is something that is of 
great value to our pharma and biotech clients. It has been through 
developing tests ourselves that we have learned the complexities 
and subtleties of the process, from optimizing the FFPE tissue RNA 
extraction process through to identification of the key technical 
variables that impact the study design and then designing the  
study appropriately.
 
We have a number of diagnostic tests in our internal pipeline, 
the furthest developed of which is our stage II colon cancer 
recurrence test, ColDx. The discovery work for this test was 
actually done using the Xcel Array, and the data was published in  
the Journal of Clinical Oncology in November, 20111 and has 
since been out-licensed to a US-based diagnostic company. That 
company is finalizing its validation of the test and plans to make 
the test available for patient testing in 2013. The process of 
discovering and developing a test like this has been invaluable  
in terms of what we bring to the table for our clients and the 
potential impact on patients’ lives.
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The service side of our business has grown significantly over  
the last few years. Since opening our CLIA lab in early 2011,  
we now have the ability to offer a full service from biomarker 
discovery right through to clinical test delivery. We are now 
working with quite a few key clients for whom we are 
supporting their companion diagnostics strategies by applying 
biomarkers in their early and late phase clinical trials. 

n As you’ve stated, you are currently in the process  
of developing a number of expression biomarker  
tests based on GeneChip® technology. What are  
some of the main challenges that you have faced  
in the development of such tests? 

When we first started, the main hurdles were the technical 
ones, such as actually getting good data from FFPE samples. 
Then it’s about ensuring that you have the right study design and 
access to the right samples to discover and validate the signature.
There are still a lot of challenges to overcome in the quest for 

personalized medicine, but I think we are starting to see a more 
widespread acceptance of the importance of and the need for 
molecular testing. There are more high-complexity diagnostic 
and prognostic tests on the market now, and these are starting 
to become part of the standard of care in a number of 
diseases, such as breast cancer.  

n There are a number of clinical tests that are currently 
available based on array technology.  How would you 
describe the outlook for microarrays and other complex 
technologies, such as NGS for their utility in the clinic,  
to provide personalized medicine to cancer patients?

For our clients, we are currently delivering biomarker tests for 
clinical trials using qPCR and arrays, primarily, but we also have 
NGS tests in development. In our own pipeline, our two furthest 
developed tests are both array-based.

There are a number of FDA-cleared array-based diagnostics on  
the market now, and the GeneChip® Instrument System itself is 
IVD-cleared, which is a huge benefit. Additionally, we are seeing 
more array-based tests being offered now in a CLIA environment  
as lab-developed tests (LDT’s).  

When it comes to turning an RNA expression biomarker into a 
clinically applicable test, we are really platform agnostic. The 
platform we choose is really dictated by the biology, primarily the 
size of the signature we discover. When working with larger 
signatures, we use arrays; when working with smaller signatures, 
we use qPCR. We do have a lot of experience in trimming down 
signatures to migrate them from one platform to another, but as 
the field evolves and more array-based tests become available, 

we are not feeling as much pressure to carry out this sort of 
migration. We are also bringing NGS-based tests forward, but at 
the moment we are primarily focused on targeted resequencing 
tests rather than using RNA-Seq. 

About Almac Group
Almac partners with the biopharmaceutical industry to provide 
biomarker discovery and development solutions ranging from 
pre-clinical biomarker discovery, through to full companion 
diagnostic development, biomarker clinical trial management,  
and clinical test delivery from their CLIA lab, applying these tests  
to support early and late stage clinical trials.
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To hear more from Austin Tanney and his work with the Xcel™ Array for biomarker discovery and development, visit the Affymetrix 
Cancer Community page at www.affymetrix.com/cancercommunity.  

For information about the Almac Xcel Array and other solutions for FFPE sample analysis, please visit www.affymetrix.com/FFPEsolutions.
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