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Oncology has, arguably, led the development of precision medicine in recent decades, with
genomic and molecular advances informing the development of targeted therapies that have
revolutionized treatment of certain individual cancer types. The cancer genomics arena is par-
ticularly exciting at the present time for two reasons: many groups across the world have been
working hard in recent years to characterize tumor genomes and to report their findings from
a tissue site-specific and a pan-cancer perspective. This huge body of genomic information
generated by The Cancer Genome Atlas (TCGA), The International Cancer Genome Consor-
tium (ICGC), and The Pediatric Cancer Genome Project has contributed significantly to our
understanding of individual cancer types. There has, importantly, also been a huge expansion
of technical advances, including devices to support next-generation sequencing, high-sensitiv-
ity digital droplet PCR, methods for analysis of cell-free DNA, new error correction
approaches for ultra-deep sequencing, and novel computational analysis tools. Together, these
efforts have provided a golden opportunity for researchers to further mine the available data
and begin to develop diagnostic and clinical applications to benefit patients.

There have been questions regarding whether large-scale cancer discovery genomics proj-
ects were the best use of limited research funds—in terms of the opportunity cost of funding
large-scale rather than multiple investigator—initiated research projects. Because we would
argue strongly for the value of these large-scale projects, it is particularly gratifying that many
papers in this special issue of PLOS Medicine strongly testify to the realization of the antici-
pated downstream impacts of these coordinated sequencing efforts by using large-scale data
sets as a starting point for data mining, hypothesis generation, or as comparator data. Their
value is further reflected in the intellectual communities that were created as a result of pub-
licly and privately funded large-scale research and the new lines of research inquiry that origi-
nated from their novel findings. Finally, the improved technical standards throughout the
cancer genomics field, both in terms of sequencing data quality and bioinformatics, ensure
that the community will continue to benefit substantially in scientific advances from these
landmark projects.

As part of this special issue, research articles and perspectives on cancer genomics are
appearing in PLOS Medicine throughout December 2016. These papers focus on a wide range
of different cancers and experimental approaches and yield findings relevant both to future sci-
entific research and potential clinical advances—here, we will highlight just a few of these
excellent studies. Two research papers report on the profiling of the mutational landscape of
widely metastatic breast cancer, from Charles Perou and colleagues at UNC Chapel Hill,
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United States [1], and from Sherene Loi and colleagues at the Peter MacCallum Cancer Centre
in Melbourne, Australia [2]. These studies are based on the sampling of multiple sites of meta-
static disease, something that usually can only be performed at the time of autopsy. To obtain
high quality tissue samples for sequencing, these autopsies must be performed relatively soon
after death. These studies are therefore logistically demanding to carry out because patients
must be approached for the rapid autopsy consent, and while participants often die at home or
in hospice, their bodies must be transported in a specific timeframe to an autopsy suite where
a pathologist must be on standby to perform the associated procedure—all before the samples
can be banked for subsequent study. Perou and colleagues studied primary and metastatic
tumors from two women with triple-negative breast cancer, aiming to understand the genomic
events accompanying progression and metastasis of this hard-to-treat form of cancer. In Loi
and colleagues’ study, the authors profiled metastatic tumors from four breast cancer patients
obtained at autopsy. The existence of hereterogeneity between both the primary and multiple
metastatic tumors is revealed in all cases and indicates that treatment drove subclonal diversifi-
cation and, in some cases, the parallel evolution of resistance in metastatic tumors. The geno-
mics of metastatic breast cancers have until recently remained largely understudied [3,4], and
these papers set the stage for larger-scale projects to come. Initial studies on intratumoral het-
erogeneity caused some anxiety in terms of how to make sense of this heterogeneity and of its
implications for targeted therapies [5]. The above contributions illustrate how these emerging
data on the clonal evolution or tumor architecture of widely metastatic cancer should help in
selecting the most appropriate molecular targets for therapy in the setting of tumor
heterogeneity.

In a study from James Brenton and colleagues from the Cancer Research UK Institute in
Cambridge, United Kingdom, the authors analyzed circulating tumor DNA (ctDNA), specifi-
cally circulating DNA bearing TP53 mutations in women with high-grade serous ovarian can-
cer (HGSOC), and compared its sensitivity to conventional imaging and CA-125 level
monitoring of relapse [6]. TP53 mutations constitute the optimal genetic marker in this cancer
as they are present in nearly 100% of HGSOC tumors, as established by TCGA and other geno-
mic studies. In addition, from an experimental design point, this is one of the first published
studies assessing ctDNA in comparison to a commonly clinically tracked biomarker as well as
imaging modalities. There is a high level of activity in this area of research that should build a
case for ctDNA monitoring being done routinely in clinical practice, so this retrospective
study is important in laying the foundations to change the standard of care.

In another nod to studies emerging from TCGA, Anindya Dutta and colleagues from the
University of Virginia Health Sciences System, US, characterized IncRNAs in low-grade glio-
mas and glioblastoma multiforme (GBM) from RNAseq data [7]. The authors use the IncRNA
profiles to provide prognostic information on these hard-to-treat cancers. The authors mined
TCGA RNAseq data for IncRNAs, an analysis that was not part of the TCGA’s remit at the
time of its initial GBM analysis. In asking what we can learn from this data mining exercise,
the authors provide a hypothesis and a predictive model that will likely fuel other studies.
While this study is still at the stage of a discovery analysis, it should bring the community
closer to the point of clinically translating their findings for this subset of highly aggressive
brain cancers. This kind of study represents one of the rationales for large genomic studies
with data deposition in public repositories—here is a group looking at the data in a fresh way
that was unanticipated at the time of some of these genomic studies and formulating interest-
ing hypotheses that should spark exploration in new patient samples.

In another research article, Jules Meijerink and colleagues from The Princess Maxima Cen-
ter for Pediatric Oncology, Utrecht, The Netherlands, have investigated a challenging problem
in pediatric oncology—mechanisms involved in steroid resistance that underlie poor outcomes
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in T cell acute lymphoblastic leukemia (T-ALL) [8]. Using whole-genome and exome sequenc-
ing, the authors found mutations affecting the interleukin 7 signaling pathway in patients and
then demonstrated that signaling inhibitors could bolster the effects of steroids on primary
cells from pediatric T-ALL patients. This study is a strong example of integrating genomics
with other techniques in a concerted way to address a difficult clinical problem. Drugs target-
ing some of the signaling molecules identified by Meijerink and colleagues have already under-
gone clinical development and received approval for other types of cancer, and hence these
important results could soon lead to early-stage clinical evaluation of these agents in children
with steroid-resistant T-ALL and perhaps in other forms of ALL.

In summary, the robust response from the cancer genomics community to our call for
papers has been quite gratifying. In particular, we both find it hugely satisfying to see so many
studies building on the findings of large-scale discovery projects, further emphasizing their
importance. Finally, we would like to thank all the authors for submitting their work, the
patients and their families who consent to and thereby support these studies through their gen-
erous donations of tissues and clinical data, and to our cadre of outstanding peer reviewers.
This extraordinary combination has made this special issue so exciting and relevant. PLOS
Medicine will continue to welcome submissions in the topic area, and we look forward to the
scientific and clinical achievements to come.
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