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Motivation

The Tandem Duplicator Phenotype (TDP) is a genomic instability configuration present in several tumors.
Popova et al. [1] reported a particular TDP, called TDP-plus, in some ovarian cancers, associated with a
large number of somatic TDs (200-800 TDs up to 10 Mbp) and with a dysfunctional (when the CDK12 gene
is mutated) or functional (when the CCNE1 gene is amplified) Homologous Recombination (HR) pathway.
Moreover, Menghi et al. [2] classified TDP into three intervals, depending on TDs length: TDs with ~11 kbp
are associated with loss of TP53 and BRCA1 genes, while TDs with ~231 kbp and ~1.7 Mbp are
associated with CCNE1 gene amplification and CDK12 gene inactivation. 
Deficiency of the homologous recombination mechanism (HRD) is associated with hypersensitivity to DNA-
damaging agents and Poly(ADP-ribose) polymerase inhibitors (PARPi); taking advantage of the synthetic
lethality mechanism, PARPi are used as single-agent therapeutics and as maintenance treatment, following
platinum-based chemotherapy, in High Grade Serous Epithelial Ovarian Cancers (HGS-EOC). 
Thus, the TDP-plus should be identified whenever possible, in order to choose the correct treatment.
However, actual methods do not take into account the presence of this genomic alteration. Moreover, no
formalized approaches to identify the TDP-plus currently exist. 
To overcome these limitations, we developed a novel integrated framework, able to identify, filter and select
putative somatic variants associated with the TDP and calculate purity and ploidy of the tumor sample.
Alongside these mutational information, our framework is able to work on the structural side: TDs are
identified, filtered and quantified based on their length, and the output is merged with the previous
mutational information to correctly identify the TDP-plus.

Methods

-Sequencing and pre-processing of the samples
109 HGS-EOC samples were sequenced with NextSeq 500 and a custom library covering 387 genes of
clinical interest for HGS-EOC and 12 Mbp of structural regions spanning the whole genome ('backbone')
was constructed from genomic DNA. Raw FASTQ files are then aligned to the reference genome (hg19)
with the BWA [3].

-Variant calling
Calling of somatic variants was performed with vardict [4]. VCF files are assembled together, annotated
(with vcfanno [5] and VEP [6]) and used to build a GEMINI-compatible database [7] using vcf2db [8].
Database preparation and queries are done with a modified version of the variantdb[9] Python package,
that queries the database using the SQLalchemy framework [10].
Variants arising from the genes involved in the TDP are filtered using an in house Python algorithm that
removes variants according to the following filters:
-coverage < 60X;
-variant allele fraction (VAF) lower than 10%
-low or no impact on the protein
-variants with a known population frequency < 1% (combined data from GNOMAD [11] and 1000 genomes
[12])
-variants clinically validated as 'benign' or 'likely benign' in ClinVar [13]
-suspected artefacts (frequency > 60% above all samples).
Remaining variants are then validated through the CGI database [14], using another in-house algorithm.
Only variants marked as cancer ‘drivers’ are kept. These include known driver mutations from the literature,
"tier 1" (strong probability of being drivers) and "tier 2" (medium probability of being drivers) grade



"tier 1" (strong probability of being drivers) and "tier 2" (medium probability of being drivers) grade
mutations.

-Purity and ploidy estimation
Estimation of purity and ploidy for each tumor sample and copy-number variation along the genome is
performed with PureCN [15]. Data thus obtained is merged with the previous mutational dataset, generating
a combined dataset containing purity, copy number and loss of heterozygosity (LOH) information. Only
variants flagged as LOH (meaning the loss of the other, wild-type, allele) are kept, considering that the HR
pathway deficiency occurs with the loss of one (or more) protein involved in the pathway.

-Identification of structural variations 
Structural variations are extracted using Manta [16] and GRIDSS [17]. Output VCF files are processed with
our algorithm, which is based on the cyvcf2 [18] Python package. TDs are extracted and filtered based on
their length (up to 10 Mbp, according to [1]) and results are merged with the mutational information
previously obtained.

Results

We reported a large number (dozens) of TDs in CDK12-mutated samples (3 out of 109 samples) with a
length of ~1Mb, compared to wild type samples, which presented only a few TDs in the interval, in
accordance with the results obtained from [1] and [2]. This led us to a first confirmation of the reliability of
our framework. We are currently working on the algorithm to be able to differentiate the three different TD
intervals reported by [2] more accurately, and to further merge outputs with the other TDP-related genes.
Our gold aim is to create a single, integrated framework capable of clustering (given a set of samples) the
three TDs intervals alongside the related mutational information.
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