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In recent years, advances in molecular screening technologies
have provided evidence of the genomic alterations that can
occur in cancers. These acquired genetic mutations can result in
changes in protein expression of the mutated gene leading to
abnormal expression levels that can influence the response of
the tumour to various treatments available.
Histopathology, including molecular analysis of a patient’s
tumour is heavily reliant on the use of fixed tissue. Fixation
methods vary between institutions, and although fixation
ensures sample integrity, it also causes substantial chemical
modifications to the DNA. During fixation, nucleotides are
cross-linked with proteins and DNA is degraded into small
fragments, all of which create issues in the isolation of DNA for
genetic testing. In addition the use of archived samples can also
increase the complications.
The Wales Cancer Bank (WCB) sent banked formalin-fixed
paraffin-embedded (FFPE) tissue samples for genetic testing
and initial studies yielded high failure rates. In a bid to identify
the causes, WCB undertook a project looking for correlations
between sample quantities and qualities and the failure rates.

Introduction

Patients: Cancer patients (n=1274) with various cancer types
were recruited through the Wales Cancer Bank (WCB) between
February 2005 and December 2016. All samples, including
retrospective collection of patients’ clinical data, were obtained
under informed consent and with ethical approval.
Samples: Tissue samples from surgical specimens were
collected and fixed in 10% Neutral-buffered formalin prior to
embedding in paraffin wax. Formalin-fixed paraffin-embedded
(FFPE) tissue sections (10μm) were cut from the FFPE blocks. All
samples were then verified for tumour content by a certified
histopathologist. FFPE samples were sent to the All Wales
Medical Genetics Service (AWMGS) for Molecular Analysis.
DNA Extraction: DNA was extracted using the QIAGEN EZ1
automated system utilising the EZ1 DNA Tissue Kit and the EZ1
DNA Paraffin Section Card according to the manufacturers’
guidelines. DNA concentration was measured using the QuBit
Fluorometer.
Next Generation Sequencing (NGS): The library preparation was
carried out using the Qiagen Clinically Relevant Mutations panel
(v2) and sequenced on an Illumina MiSeq using the v2 300
cartridges.

Methods

Results

Figure 2. Overall Failure Rate in Samples. The NGS test panel contained 24 different genes
for analysis. Patients were analysed and any genes that had failed the NGS run were
recorded. Samples with 25-50% failures (6-12 genes), 50-75% failures (12-18 genes) and
greater than 75% failures (greater than 18/24 genes) were recorded.
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We aim to identify if the amount of tissue and the tumour
percentage in the sample influences molecular analysis. We will
also look for correlations between ischemic and fixation times,
and length of FFPE storage with failure rates.

Aims Failure rates were compared across the different tissue types.
Bladder samples were the most robust samples with only a
6.1% failure rate in blocks with complete failures (>25% of
genes tested). Head & Neck (H&N) had the highest failure rate
with 39% of samples having greater than 25% genes fail (figure
3).

Figure 3. Samples that Contained Complete Failures in Greater than 25% of Genes Tested.
Of the blocks that were tested, any genes that completely failed the NGS run were
recorded. Any samples that had complete failures in more than 25% genes tested where
compared across the different tumour types. H & N contained the most complete failures
with 39% of samples completely failing in more than 25% genes.

Figure 4. Fixation Duration Influences NGS. (A) Where fixation data was available (n=698),
the majority of the samples were in fixative for 24-72hrs as standard practice within the
NHS. (B) As fixation duration increased, the number of samples that had complete gene
failures in >25% genes also increased suggesting that longer fixation times can be
detrimental to NGS.

We identified 1274 patients within the WCB cohort with FFPE
samples that were sent for NGS analysis. The patients had
various cancer tissue types (Figure 1).

Results

Results

The NGS failure rate (>25%) was compared with the ischemic
times of the specimens (Figure 5). Results showed that as
ischemic times increased over 60mins the failure rates
increased suggesting that longer ischemic times reduces the
efficiency of the NGS.

Figure 5. Ischemic Times Influences NGS Failure Rates. Ischemic data was compared with
the number of samples with greater than complete failures in 25% genes (n=764). As the
ischemic time of the sample increased above 60 minutes, the number of complete failures
in >25% of genes also increased.

Finally we looked at the age of the FFPE blocks that were
analysed and the failure rates in the NGS. Results for all tumour
types did not show any significant changes(figure 6a) however
in gynae, lung and prostate samples the failure rates increased
as the age of the sample increase (figure 6b).

Figure b. Age of the Block Increases NGS Failure Rates in Prostate. (A) Of all the sections
sent for DNA extraction regardless of tumour type, 10% failed in samples under 4 years old,
9% in samples 4-8 years and 8% in samples 8+ years. (B) Interestingly for gynaecological,
lung and prostate samples, the number of failures increased as the sample age increased.

Summary
• Histopathology relies heavily on fixed tissue in the form of FFPE

samples and therefore most molecular analysis has been
designed to work on FFPE samples

• Nearly 30% of all samples tested had complete gene failures in
more than 25% of the genes tested

• The longer the samples were in fixative for increased the
number of failures. Importantly most samples were fixed for
between 24-72hrs and this yielded a 27% failure rate

• Increased ischemic times of the tissue (over 60 minutes)
increased the failure rate.

• The age of the sample and its length in storage did not have an
effect on all samples overall, however, certain tumour types
were more susceptible.

• More failures were observed in older blocks for Gynae, lung and
prostate samples

Conclusions
Most studies comparing the molecular profile of tumours with
outcome data use FFPE samples from patients with at least 5
years follow up. The findings from this study indicates that the
age of the sample can be important for some tumour types. In
addition, the fixation times and ischemic times can also
influence the NGS outcome and will need to be considered in
the new plans to centralise histology around Wales.

Figure 1. Proportion of patients with
different cancer types sent for NGS.
Specimens were collected from different
cancer diagnoses. Of the 1308 patients
sent 28% of the samples were prostate,
25% breast cancer, 15% gynaecological,
11% bladder cancer, 10% head and neck
cancers and 7% lung cancer.

The number of completely failed genes in each sample was
recorded. The failure rates for all samples were grouped into
25-50%, 50-75% and greater than 75% failures (figure 2). The
overall complete failures in more than 25% genes was decided
upon for all further analysis and totalled 27.2% of the samples
analysed.

Fixative duration of the sample was analysed against samples
with more than 25% failures. The fixation duration varied across
the blocks with the majority of samples being fixed for between
24-72hrs (figure 4a). Interestingly the number of complete gene
failures (>25%) increased as the fixation duration increased
(figure 4b).
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