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ABSTRACT

Introduction: Despite initial response to first line platinum-based chemotherapy, more than 80% of high grade serous ovarian cancer patients relapse and develop resistance. The molecular and genetic features
involved in drug resistance are still unknown. Transcrptional profiling, carried out in a cohort of patients from which matched biopsies were taken at primary surgery (PS-O) when tumor was sensitive to chemotherapy
and at time of relapse (SCR) when the tumor was resistant, identified the EMT pathway as a key player in tumor relapse (Marchini et al., 2013). Here we describe the development of computational analysis approaches
to identify somatic variants (point mutations and insertion/deletions) using targeted DNA resequencing on our cohort of SCR and PS-O samples.

Methods: We improved an existing bioinformatic pipeline, “bcbio-nextgen”, which supports most best practices in use within the community. After a thorough examination of existing programs, we added for
matched tumor samples in the pipeline, using three major somatic variant callers (MuTect, VarScan2, FreeBayes). The pipeline was then tested on a a high performance cluster computing platform (Cloud4CARE
project).

Results: The fitness of the method was first assessed by testing a reduced data set from the Cancer Genome Atlas, then the pipeline was run over the complete data set of matched PS-O - SCR samples. Variants
identified by the pipeline were correctly discriminated as being germline or somatic, and external validation confirmed the results.

Conclusions: Our results suggest that our bioinformatic approach is sensitive, robust, reproducible and viable for analysis of matched EOC samples.

BACKGROUND

Epithelial ovarian cancer (EOC), is generally sensitive to first line platinum based therapy, however more than 80% of patients experience relapse within 18 months from the end of therapy, and
patients become resistant to subsequent cycles until the disease becomes incurable (Cannistra, 2004). Although many advances have been made in understanding the underlying biology, genetic and
molecular mechanisms of drug resistance in EOC have yet to be clearly identified (Bast et al., 2009). It is still not clear whether resistance is due to subpopulations of resistant cells, already existing in
the tumor before treatment, or it is induced by mutations or epigenetic changes caused by chemotherapeutic drugs (Lawrenson and Gayther, 2009). Current knowledge is based on the use of cancer
cell lines with acquired resistance to chemotherapeutic drugs: although these models have been useful to identify mechanisms of drug resistance, it is unclear whether they recapitulate the actual
situation in patients undergoing chemotherapy.

Recently, large-scale deep sequencing projects (Cancer Genome Atlas, 2013) have uncovered important genomic features of EOC, showing the usefulness of the approach to complement existing
knowledge. In parallel other studies have been conducted on the genomic changes related to drug resistance (Murtaza et al., 2013; Castellarin et al., 2013) although on small sample sets, thus
requiring confirmation in larger cohorts of patients.

MATERIALS AND METHODS

EOC samples were selected from Pandora, a tumor tissue collection of more than 1600 snap frozen biopsies from patients recruited at San Gerardo Hospital in Monza (ltaly) and stored at -80 C at
the Mario Negri Institute: the cohort consists of 33 stage IlI-1V patients from whom biopsies were taken at primary surgery in the ovary (PS-O) and at for relapse after several lines of chemotherapy
(secondary cytoreduction, SCR) (Marchini, Fruscio, Beltrame et al., 2013). Additionally, matched blood samples from patients were used as control.

Genomic DNA was extracted using a commercially available kit, according to the manufacturer's instructions, and enriched DNA libraries (66 genes, encompassing key players of signal transduction,
EMT regulation, extracellular matrix interaction, cell cycle and DNA repair) where produced using the TruSeq Custom Amplicon kit (lllumina, USA).

DNA libraries were then sequenced on an lllumina MiSeq (lllumina, USA), using the MiSeq v2 Reagent Kit (Illumina, USA) over 300 cycles (150 bp read length), multiplexing 8 samples for each run. Raw
FASTQ files from the instrument were de-multiplexed, then used for downstream processing and analysis.

SELECTION OF SOMATIC VARIANT CALLERS

In order to properly identify mutations in our matched EOC cohort, we aimed at selecting somatic mutations in the tumor,

i : . . L . . . . Tool name Latest release Output Compatible
excluding any variant of germline origin. Our initial goal was select multiple programs to run the analysis, as different algorithms,
while correct, do not overlap (O'Rawe et al., 2013), and that allelic fractions of mutations can influence the sensitivity of the MuTect 2014 VCF, text yes
analysis methods (Xu et al., 2014). As several software is available to perform somatic variant calling, we ran an assessment onthe  VarScan 2 2013 VCF, text yes
available callers, following these criteria: FreeBayes 2014 VCF yes
Somatic Sniper 2013 VCF not
- Free availability EBCall 2013 text no
- Active maintainership and updates Strelka 2012 text no
- Results in standard output formats (Variant Call Format; VCF) SNVMix 2013 text no
- Compatibility with other tools' inputs and outputs Virmid 2013 VCF (single sample) no

A summary of the assessment is available in Table 1. MuTect (Cibulskis et al., 2013), VarScan 2 (Koboldt DC et al., 2012) and Table 1: Software evaluated. f, depends on incompatible software

FreeBayes (Garrison and Marth, 2012) met the requirements for inclusion and were then incorporated in the analysis pipeline.

PIPELINE SET-UP AND IMPLEMENTATION

- Our goal for data analysis was to use an approach that could provide a rigorous, BAM files
'gmﬁ "eadet well-tested environment for the necessary steps, to ensure the best data quality as from pipeline
((BAMorfasta) § possible and reduce the number of possible false positives. We chose bcbio-
')L_A,,-g”ment nextgen (https://github.com/chapmanb/bcbio-nextgen) due to its support of high
- i performance computing (HPC) platforms and the complete implementation of
Base quality | _ | Aligned reads || _|callable regions “best practice” quality contro! and data preprocessing following gstablishepl
recalibration (BAM) J (BED) standards by the data analysis community. The mode of operation of bcbio-
input #ﬂ : ——— — nextgen is outlined in Figure 1. Paired Yes Paiad S Bt
| - “Parallel by callable regions _ o . . . . , analysis ? » variant calling
chr1:1000-2000 e , chr1:5000-6000 We then modified bcbio-nextgen in order to support somatic variant calling, where
prepared reads oreoaration: Prepared reads a tumor sample is compared against either a paired reference, or a panel of
in region (BAM) recalibration in region (BAM) normal references. Firstly, we added support for preprocessing of paired samples
and realignment — at the same time, to compensate for slight differences between the reference and No
J, the tumor. Secondly, support for somatic variant callers was added on top of
Variant calling: supports p———= bcbio-nextgen's existing variant calling framework.
Called variants | 702E 300ractes, | called variants Y Y
(VCF) i (VCF) The specific analysis workflow is depicted in Figure 2. Briefly, raw variant calls from Single-sample Low quality
_ Merge variants ) the somatic callers are subsequently cleaned from calling artifacts and then variant calling filter
T = | / reinserted in bcbio-nextgen's downstream processing. Once the pipeline run is
Combined raw complete, calls from different samples are merged together, excluding non-
variants (VCF) somatic or low quality loci, and annotated using GEMINI (Paila U et al., 2013).
Variant fiter vanants Variant The pipeline was installed on two HPC clusters (208 and 816 CPU cores, o Variant
evaluation | < || Final annotated | —» | qatapase respectively), part of the Cloud4CaRE (Cloud for Cancer REsearch) project, a joint »  post-processing &
report variants (VCF) (GEMINI) ‘ effort between the Mario Negri Institute, the ACTO foundation and the IT
- —— departments of two major banks to provide computational resources for NGS data . | o .
analysis. Figure 2: Somatic variant calling workflow.

Figure 1: Pipeline workflow.

All the changes made to bcbio-nextgen have been submitted to the upstream source repository and are part of its regular release.

RESULTS
In order to test the proper operation of the pipeline, we initially tested our analysis method on a reduced
synthetic data set (2 samples, HCC1143, from The Cancer Genome Atlas benchmark), ensuring that the Gene Chromosome Position Mutation Type Mutated fraction Validation
process ran in a robust and reproducible way. RB1 chri0 48919236 T — TA Somatic 25% on Torrent
D I o

After the initial tests were complete, we ran the complete pipeline on our EOC data set. The pipeline called a $3‘gg mrg ;g;gggf TCC% 'A_‘I_ gomai!c ggof on Prreni
total of 13582 putative somatic variants across 66 samples (PS-O and their matched SCR counterparts), of TPE3 quw 2577115 T _>C Gomall_ © 100/0 5 on forrent
which 13121 were point mutations (SNPs) and 461 indels. We then filtered out variants with low depth (less chr — ermiine 7o yrosequencing
than 10 reads) and allelic fraction (less than 1%), yielding 3467 SNPs and 298 indels passing the thresholds. BRCAT chrl/ 41243941 G — A Germline 20% Pyrosequencing

BRCA1 chr17 41249261 G — A Somatic 3% Droplet digital PCR
To verify correct calling from the pipeline, we selected mutations marked as germline and as somatic by the Table 2: Mutations found and validated by the pipeline.

analysis software and verified them with independent methods, either using alternative next generation
sequencing platforms (lon Torrent, Life Technologies), pyrosequencing (Pyromark Q24, QIAGEN) or high-resolution droplet digital PCR (QX200™ Droplet Digital™ PCR System, Bio-Rad) (Table 2).

CONCLUSIONS

ldentifying somatic mutations from sequencing experiments on highly heterogeneous samples such as solid tumors is a challenging task. We based our approach on using readily available software
from the scientific community, to build upon existing expertise. We used multiple variant callers to increase the sensitivity of the analysis, and we were able to successfully validate selected mutations
using independent methods. Our results suggest that this approach is sensitive, robust, reproducible and viable for analysis of matched EOC samples.
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