Development of a Clinical Targeted Next-Generation Sequencing (NGS) Test for 		
Formalin-Fixed Paraffin-Embedded (FFPE) Cancer Samples
Wenge Shi , Christine Chin , Tingdong Tang , Loretta Hipolito , Preethi Srinivasan , Derek Chiang , David Peng , Emmanuelle Di Tomaso , Shabnam Tangri , Jelveh Lameh ,
1
and Reinhold Pollner
1

1

1

1

BioPharma Services, Genoptix, Inc., a Novartis company, Carlsbad, CA

1

2

•

2

METHODS: To minimize FFPE sample input requirements, we optimized
multiple assay steps. DNA was extracted from macrodissected FFPE tissue, and
randomly fragmented. The DNA library was constructed and subject to target
®
capture and enrichment before being sequenced on the Illumina MiSeq . To
analytically qualify the assays, we tested well-characterized cancer cell lines
and reference HapMap cell lines. Furthermore, to confirm the performance of
the NGS results in clinical FFPE samples, we compared the results generated
™
using orthogonal methodologies, e.g., SNVs using a custom Ion AmpliSeq
®
panel (Life Technologies) on Ion Personal Genome Machine (PGM), or CNVs
®
using real-time PCR assays or custom nCounter CNV assays (NanoString
Technologies). To establish the lower limit of detection, we used mixed DNA
samples from FFPE cell lines and from HapMap DNA and further tested Horizon
FFPE reference DNA containing mutations at defined allele frequencies.
RESULTS: For FFPE DNA extraction, we selected the cobas FFPE kit (Roche),
®
and Maxwell CSC DNA FFPE kit (Promega) for higher yield and purity. For
library construction, we chose a MiSeq Nano DNA library preparation kit
®
(Illumina). For target capture, we used custom xGEN DNA probes (Integrated
DNA Technologies) for improved flexibility in assay optimization, reduced
reagent cost, and minimizing batch-to-batch variability. We were able to detect
SNVs for >99% of exons selected down to a 5% sensitivity level using about
100 ng FFPE DNA input. Indels, CNV, and LOH could also be detected reliably.
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ABSTRACT
INTRODUCTION: There is an urgent need for deep targeted sequencing
for detection of varieties of somatic aberrations, including single nucleotide
variants (SNV), insertions/deletions (indels), loss of heterozygosity (LOH), and
copy number variants (CNV) in heterogeneous FFPE cancer patient specimens.
We have developed a Next-Generation Sequencing (NGS)-based assay for deep
sequencing of a number of selected oncogenes and tumor suppressor genes
for testing of clinical breast cancer samples. The panel includes those genes,
which are commonly mutated in cancers (e.g., breast and ovarian cancer),
based on The Cancer Genome Atlas studies, and are potentially indicative of
responses to experimental compounds undergoing clinical trials. The assay
can be used in FFPE samples, which can pose challenges because of high
variability in quality and often suboptimal quantities.
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SUMMARY OF NGS PANEL
768 exons for 46 genes																					
Oncogenes, such as FGFR1-3, ERBB2, PIK3CA, KRAS, etc			
Tumor suppressor genes, such as TP53, RB1, CDKN2A, etc.
153 Kb regions of interest/missing 0.7 Kb (0.4%) due to the
presence of repetitive sequences

COMPARISON OF FFPE DNA ISOLATION METHODS

Sample Types

Reference Sources or
Confirmatory Methods

Type of Variants Confirmed

HapMap samples and mixture

dbSNP

Known SNVs

Horizon Dx Quantitative
Multiplex Reference Standard

Digital droplet PCR by Horizon
Dx and prediction

Known SNV and indels
quantitative for some

Cell lines or FFPE cell lines

Literature or CCLE

Representative known SNV,
indels and CNV

Ion AmpliSeq on Ion PGM

SNVs and some indels

qPCR/FISH

CNV

NanoString

CNV, large indel, LOH

FFPE tissue samples

1

DETECTION OF INDELS

Figure 5. Detection of a 12-bp deletion in a AN3CA cell line.

DETECTION OF CNV

DETECTION OF SNVS
Variants detected
by approach

Number of variants

Confirmation

MiSeq only

4 due to no PGM coverage
2 not within AmpliSeq ROI

All 6 excluded

Ion AmpliSeq only

5 (4 recurrent FP)

1 discordance
4 FP excluded

Shared

57

Matched

Comparison of variants detected using Ion AmpliSeq target enrichment/
sequencing on Ion PGM and hybridization capture approach/sequencing
on MiSeq using respective vendor software in a representative FFPE
tumor sample. Only variants within the shared ROI were included for the
comparison. Overall, 57 out of 58 variants (98.2%) could be confirmed
by both platforms.

Figure 1: DNA isolated from a 5-µm section each from 12 FFPE tissue samples was quantitated using Qubit dsDNA
kit. Overall, cobas DNA Prep kit and Promega Maxwell CSC FFPE kit yielded more DNA. DNA quality, instrument
cost, and fit for our current workflow were taken into consideration for the selection of FFPE DNA Isolation methods.

HYBRIDIZATION CAPTURE APPROACH COMPARISON
IDT xGen®
Lockdown™ Probes

Agilent
SureSelect

Target size

Up to 1 Mb

Up to exome (60 Mb)

Probe type

120-mer DNA

120-mer RNA

Biotin labeling

End biotin labeled

Incorporated during
in vitro transcription

CONCLUSIONS

QC

Individually QC’ed,
highly reproducible

QC as a pool, batchto-batch variability

GC bias

Less GC bias

GC bias

Uniformity

Better

Good

Assay flexibility

Allowing for addition
and subtraction

Use pool as
it is made

Hybridization time

Reducing to overnight
or shorter

24 h

We developed a targeted NGS assay that could be used in clinical trials and
meets the multiple challenges of limited DNA amounts, variable quality
often associated with FFPE clinical specimens, and the detection of low level
mutations. Considering the recent approval of Illumina’s NGS MiSeqDx
platform and technology by the FDA, our assay might be helpful to assist in
cancer patient assessment, clinical trial recruitment, and patient care.

Bait cost

Low per sample

~$300 per sample

Figure 3: 39 confirmed or predicted SNVs in Horizon Dx
Multiplex Reference DNA within the targeted regions were
detected. All but 1 (outside of ROI) were confirmed by Ion
AmpliSeq/sequencing on Ion PGM. Four additional predicted
SNVs were not confirmed by either approaches.

Figure 2: Representative normalized coverage (y-axis) vs. GC
content (x-axis) plot comparison between SureSelect RNA bait and
IDT DNA bait. Less influence due to GC content across samples
was seen using IDT DNA bait.
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Figure 6. CNV numbers of the targeted genes in a FFPE cell line H727
were determined using NanoString, NGS and compared with CCLE
results generated using SNP arrays. Overall, NGS, NanoString and
SNP array results show good agreement with Spearman’s rho > 0.8.

Figure 4. Two variants present in COSMIC database using IGV.
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Figure 7. Gene copy numbers were determined in a representative
FFPE cancer sample. FGFR2 copy number (36 by NGS, 32 by
NanoString, 33 by qPCR), KRAS copy number (20 by NGS, 28 by
NanoString) and ERBB2 (6 by NGS, 6 by NanoString), Gene B (5 by
NGS, 4 by NanoString).

