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The revolutionary application of next-generation 
sequencing (NGS) has resulted in the discovery of 
unprecedented numbers of genetic mutations for 
cancer and other indications. These mutations can 
be prognostic and have therapeutic significance. 
Mutation analysis has become or is in the process 
of becoming standard of care, and is instrumental 
in precision medicine efforts. This has placed 
demands on clinical laboratories to develop NGS 
assays to routinely analyze tumor samples. While 
the massively parallel NGS technology has driven 
down costs of sequencing, the added complexity 
makes for a challenging development process and 
leads to numerous hurdles throughout routine 
practice for clinical labs.1

Each clinical NGS laboratory is challenged with 
decisions about how and when to report detected 
variants, and how to establish cut-off criteria. 
To achieve the required high bar for reliability, 
accuracy and sensitivity, labs must develop and 
perform comprehensive validation studies of their 
assays.2 A key part of this process is understanding 
how the use of appropriate controls and reference 
standards improve, simplify and often reduce the 
costs associated with these extensive validations.

At the 2017 Precision Medicine World Conference 
(PMWC), in the SeraCare Life Sciences panel 
“Achieving Accurate NGS Test Results,” we heard 
from Greg Tsongalis, Director of Laboratory for 
Clinical Genomics and Advanced Technology 
(CGAT) at Dartmouth-Hitchcock Medical Center; 

Dara Aisner, University of Colorado; and Russell 
Garlick, CSO of SeraCare about many important 
factors for achieving high levels of accuracy with 
NGS, giving us key insights and an in-depth look at 
specifics that contribute to variability. Accuracy of 
NGS results is extremely critical in clinical molecular 
diagnostic laboratories.

“The limit of detection or the lowest allele 
frequency for a cancer patient means a patient 
is either getting or not getting a particular  
life-saving treatment or therapy, so we want to 
make sure our results are as accurate as they can 
be,” says Greg Tsongalis.
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The Backdrop: Errors in Routine Clinical Diagnostic NGS Testing

“Oncologists are concerned that companion diagnostics, and more specifically molecular 
diagnostics results, are not consistent lab to lab. The FDA is looking for greater oversight and 
transparency: reviews of analytical performance, robust design control, and assay performance 
data made public,” says Russell Garlick, CSO of SeraCare.

Validation of NGS performance during development and protocol changes and for clinical assays are 
complex issues, requiring different approaches. Although it can be beneficial to compare NGS results 
between labs, there is difficulty in comparing the exact same sample from lab to lab, as the exact same 
test may not be run in two different labs. The use of reference materials makes these intralab comparisons 
possible.3 

Additionally, some guidance is provided by organizations such as the American College of Medical 
Genetics and Genomics (ACMG), which has established standards and guidelines for NGS in clinical 
laboratories. 

The use of reference materials is critical for validation during clinical NGS test development, QC of clinical 
assays, and for intra and inter-lab performance comparisons, as recommended by ACMG.4

A Plethora of Procedural Steps that May Introduce Variability

“There are so many things that happen to a specimen from the time it is taken from a patient to 
the time it lands in a piece of paraffin,” says Dr. Dara Aisner, University of Colorado, the second 
speaker in the panel.

Dara Aisner detailed these factors that affect variability as clinical labs prepare samples for the NGS 
process. 

Sources of Variability
    Tissue-Acquiring Procedure

• Immediate transfer medium

• Temperature

• Cold ischemic time

• Target organ 

• Procurement method 

“We know how formalin processing can vary and impact the downstream processing,” says Aisner. 
“All of these things can impact the quality of the results.” Some require greater attention.
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Sources of Variability
 Tissue Processing

• Heat/pressure 

• Microwave 

• Smear (cytopathology)

• Cytospin (cytopathology)

• Fixative time, other reagents

• Other

 Specimen Assessment

• Subjective assessment of tumor cellularity

• Subjective assessment of best approach for tumor enrichment

• Subjective assessment of total quantity to utilize

Tumor Enrichment

• Coring/macroscopic isolation directly from block

• Microdissection using guide slides

• Microscopic microdissection

• Slide scrape (cytology)

• Other

Extraction 

• DNA only

• RNA only

• TNA 

• Other

• Many methods/commercial options for each
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Mitigating Variability by Focusing on Key Endpoints

“Ultimately when you’re looking at post-fixed tissues, it’s not just the quantity you want to look at, it’s 
also the quality. How fragmented is it, how usable is it for your downstream assays. This piece here of 
exon quality eclipses all other variables as a single unified quality endpoint,” says Aisner.

Sources of Variability
Assessment of Extract Quality

• qPCR for fragmentation

• Microgel fragmentation

Input Determination 

• Modulated input based on extract assessment

• Fixed input - may give lower quality results

Validation should focus less on distributing across tissue types and more on matrix effects, or factors that can 
interfere with these assays outside of core tissue constituents, such as mucin, chondroid, or even melanin, says 
Aisner.

“Colon, lung, skin, liver etc. are not sufficiently different to suggest that each tissue type needs a 
separate validation,” says Aisner. “Most tissues are highly equivalent in core constituents:  
epithelium/parenchyma, inflammatory cells, red blood cells, and stromal cells. Tissues may vary in the 
relative ratio of these things, but those things are generally consistent from tissue type to tissue type.” 

Beyond recognizing these sources of variability, what are some ways in which clinical labs can mitigate 
variability? Our speakers gave us some key insights.

Rather than analyzing every pre-analytic variable separately, it makes more sense to look at a single endpoint, 
the quality and quantity of the nucleic acid extract.

Nucleic Acid Assessment
• Fluorometric quantification. Much more accurate than spectrophotometric

• Microgel analysis (e.g. Bioanalyzer®)

• Real-time PCR (to analyze degree of fragmentation and intactness of product)
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Metrics and Approaches That Can Be Established
• Analysis of percentage of sequences mapped to specific locations on the genome

• Analysis with metrics for percentage of sequences not mapped to a specific location while looking for 

a root cause

• BLASTing these sequences to determine what content might have been missed

• On-board QC metrics (e.g. PhiX error rate)

“What we do for all samples is we BLAST those samples that don’t map properly, and try to understand 
why they don’t map, and a lot of times it’s because of extensive soft-flip (missed pieces or internal 
mis-reads), and that’s a function of how high we set our thresholds for mapping,” says Aisner.

The third panelist, Greg Tsongalis of CGAT, gave a talk on “QC: Where the Rubber Meets the Road.” CGAT is a 
CAP- and CLIA-certified lab for clinical and research work. 

Tsongalis explained how CGAT spends a lot of time and money validating instrumentation and validating and 
re-validating their assays before they go into clinical use. The DNA extraction, library prep, and sequencing 
analysis all require control materials, including synthetic controls, cell line controls, and tissue samples from 
previously tested patients.

QC Performed at CGAT, Requiring Control Materials
• External QC: Lot-to-lot, software updates, confirmatory testing, proficiency testing

• Internal QC: Total of five QC Checkpoints

Validation and Execution of Data Analysis and Curation is Critical in the NGS Workflow

The NGS workflow involves “wet bench” procedures (pre- and post-extraction, library prep, and sequencing) and 
“dry bench” procedures (data analysis, curation, and a final report).

“You need the ability to validate the wet bench side, but more importantly the dry bench side. It takes 
time and money, but we have to make the effort to re-validate (on an ongoing basis), otherwise we will 
miss mutations and not even know about it. New software upgrades are happening every other month,” 
says Tsongalis. “What really caught us off-guard, and we’ve been doing NGS clinically for about four 
years, was the dry bench part of this.”  
 

There is extensive validation involved in implementing a good analytics pipeline for optimal data interpretation 
and analysis. Putting out a report that clinicians could understand is also important. “There are services that will 
give you a 15-20 page color report. Our physicians don’t have time to read that, and that’s not what they want.” 
There is a need for simplified, streamlined data reports.
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It’s critical that both the wet and dry bench sides are high performing also because of federal regulations.
Tsongalis discussed a case study in which data analysis and curation played a key role.

Example of Assay Validation, Re-Validation, and Re-Re-Validation
• Lung adenocarcinoma sample was sequenced using a 50-gene cancer hotspot panel, no mutations 

were identified

• Sample was later included in an inter-institutional sample exchange

• The participating institution identified an 18 bp EGFR exon 19 deletion at 15% allele frequency

• Mutation was below DHMC minimum detectable allelic frequency of 20% for INDELs established 

during the assay validation

• Mutation was identified using the updated analysis pipeline (validation in process)

“We were missing this mutation not because of the chemistry, but because of the software we had 
to detect the mutations,” says Tsongalis. The other lab was able to detect it. So CGAT went back and 
re-validated their sequencing pipeline and updated their analysis pipeline to make sure these mutations 
would be detected in the future. 

Current Analysis Pipeline (20% LOD)
• Analysis using predominantly manufacturer-based analysis tools

• Updated analysis pipeline (10% LOD)

• Analysis using third-party based software

• Full sequence re-mapping 

• Local re-alignment of poorly mapped areas                         

• Optimized variant-calling parameters      

 “I don’t think we’re ever going to have the perfect assay. But I can tell you on a weekly basis we are 
looking at metrics I never thought we would have to look at,” says Tsongalis.

The Benefits of Inter-Lab and Cross-Platform Validation

“A lot of laboratories don’t have all the resources to try every iteration to really optimize all the 
pre-analytic variables. Even having a starting point from the pre-analytic perspective would be helpful. 
Having open access to information from companies that have this would be extraordinarily valuable,” 
says Aisner. "In the academic community, we are prolific sample sharers. These are helpful for validation 
as well as sample QC. Just as we send samples out, we also take internal samples and run them on 
alternate platforms to see if our results are consistent with an alternate platform. Acquiring samples with 
very rare events is extraordinarily challenging.” 
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What Does SeraCare Bring to the Table to Optimize NGS Assays for Clinical 
Diagnostics?

Seracare offers:

• Highly multiplexed reference materials containing the widest range of important and actionable variants in 
cancer hotspot assays

• Easier sharing and tracking of intra-lab and inter-lab performance

• Lower cost but more comprehensive validations and re-validations

• Precise dPCR quantitation of all variants over a range of useful allelic frequencies to assess LOD and variant 
pipeline performance

• RNA and DNA-based variant types including SNVs, many INDELs, and structural variants (fusions, CNVs)

• The SeraseqTM Tumor Mutation DNA Mix v2 with 40 variants in a genomic background (at 10% variant allele 
frequency) - in field trials for FDA submission

• The Seraseq Trisomy 21, 18, and 13 Multi-Analyte Aneuploidy Reference Material all in the same tube.
Full-process control being used in the first global external quality assessment schemes

• Products for inherited disease: the Seraseq Cardiomyopathy Reference Material (10 variants) and the Seraseq 
Inherited Cancer DNA Mix v1 (26 variants) reference material for validation

• Recombinant viruses, such as the Seraseq HIV-1 Drug Resistance and Tropism Reference Material v2
(49 mutations)

• In the pipeline, a multi-lab assessment of circulating tumor DNA reference material through the Early 
Detection Research Network Labs. This utilizes our methodology to exactly replicate the size distribution
of circulating tumor DNA in a patient sample. Analytical PCR methods to quantitate these areas in a 
background of genomic DNA with very precise low frequencies (down to 0.1% to 0.6%) 

All of these insights and resources for removing variability from clinically run NGS will provide an edge to clinical 
labs in this fast-moving and highly challenging diagnostic space.
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