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BACKGROUND

Image-guided percutaneous biopsy is a common proce-
dure in oncology that is integral in confirming the
diagnosis of cancer, staging the disease, and determining
tumor histology. However, in the era of personalized
medicine, in which advances in knowledge of specific
cellular pathways and characterization of tissue at
molecular and genetic levels has resulted in an increase
in targeted therapies, the role of the image-guided
percutaneous biopsy is evolving (1). Biopsy samples are
required for more than just histologic diagnosis, as
biomarker status now guides standard-of-care therapy
in a growing number of solid tumors including mela-
noma, breast, colon, and lung cancers. In addition,
biopsies are no longer being performed only at the time
of initial diagnosis, but are being performed at multiple
time points to detect progression, predict prognosis, and
guide next-line therapy (1). Image-guided biopsies are
also playing an increasing role in oncologic clinical trials
(2,3), as the US Food and Drug Administration (FDA)
has mandated that targeted therapies be accompanied by
a companion diagnostic test for appropriate patient
selection (4). The research biopsy is so critical to
clinical trial design that many stakeholders share the
sentiment that the absence of high-quality biologic
specimens is one of the most significant roadblocks to
developing and validating biomarkers for their intended
use (5,6). Finally, prioritizing the actualization of per-
sonalized cancer care in the United States was brought
to the forefront by President Obama in his 2015 State of
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the Union address, in which he announced the Precision
Medicine Initiative, which should “bring us closer to
curing diseases like cancer.”
Because biologic specimens acquired from biopsies

will continue to play an important role in this era of
cancer medicine, and the majority of biopsies are now
being performed by radiologists with the use of image
guidance (7), the Society of Interventional Radiology
(SIR) Foundation gathered a multidisciplinary group of
experts to form a research consensus panel (RCP) to
explore how image-guided biopsy should evolve to meet
the future needs of patients.

METHODS

Panel Membership
On June 1, 2015, the SIR Foundation assembled an RCP
meeting for the development of a research agenda on
image-guided biopsy in the era of personalized medi-
cine. The panel membership included (i) a multidiscipli-
nary group of expert panelists, (ii) representatives from
governmental agencies, and (iii) representatives from
industry. There were 11 expert panelists, including three
interventional radiologists, one medical oncologist, one
molecular pathologist, four biomedical and/or mechanical
engineers, one chemical engineer, and the executive
director of clinical research for cancer medicine at a
National Cancer Institute designated cancer center.
Representatives from the FDA Laboratory of Cardiovas-
cular and Interventional Therapeutics and the Molecular
Pathology and Cytology Branch were also present.
Industry representatives came from major pharmaceutical
companies, medical device companies, and manufacturers
of medical imaging equipment. A member from the SIR
Comparative Effectiveness Committee was also present.

Agenda Methodology
The goals of the RCP were to (i) provide a summary of
the key aspects of the existing knowledge base, (ii)
identify gaps in current knowledge, and (iii) provide
and prioritize research recommendations. In addition,
the panelists were asked to identify critical alliances that
should be developed to advance the prioritized research
and determine how the SIR Foundation could support
these initiatives.
Ten panelists were asked to give a focused (10-minute)

presentation in his or her area of expertise. Specifically,
panelists were asked to (i) define the most important
clinical questions that could realistically be answered
through pivotal multiinstitutional clinical trials or regis-
tries, (ii) describe the most promising future directions
that merit preclinical or early clinical exploration, and
(iii) outline how SIR investigators could engage in these
initiatives. The critical question was how to obtain high-
quality biopsy tissue samples that could be processed for
a number of pathologic assessments from a percutaneous

image-guided approach. As such, the topics for the RCP
largely revolved around the current status and potential
future directions for target identification, localization,
and verification.
Following the presentations, a round-robin discussion

was held to identify gaps in knowledge, examine impor-
tant research questions, explore potential opportunities
for future research studies, and consolidate similar ideas
into a short list of potential research topics. Thereafter,
comments were invited from the audience. Finally, the
preclinical and clinical research ideas were prioritized.

RESULTS

The panel produced 10 presentations, the results of
which are summarized as follows.

Why Biopsies Are Critical
Carcinogenesis is an immensely complex process, such
that, even within a histologic cancer subtype—for
example, adenocarcinoma of the lung or breast—there
is significant variability in cancer behavior and response
to therapy. The identification of an oncogene, or other
specific products required by the tumor cells for sus-
tained growth, followed by administration of a specific
inhibitor to the target, are the basis of personalized
cancer treatment. Frequently, multiple different signal-
ing pathways are involved in disease growth and
progression. The pathways involved can change over
the course of the disease, creating mutational hetero-
geneity and resulting in significant challenges for ther-
apy. Intratumoral heterogeneity occurs when the
dominant cellular composition and/or gene expression
varies within the tumor at a specific site of disease within
one person. In a study by Gerlinger et al (8), multiple
biopsy samples were taken from patients with metastatic
renal-cell carcinoma for the purposes of whole-exome
sequencing as part of a predictive clinical trial with
everolimus. Significant variations of gene expression and
prognostic signatures were found within biopsy samples
within the same tumor (8). Temporal tumoral
heterogeneity can also result in genomic variations
within the same and/or metastatic tumors over time.
For example, it is known that breast cancer biomarkers,
such as estrogen, progesterone, and HER2 receptors,
vary by 32.4% when biopsies of the primary tissue are
compared with biopsies of relapsed metastatic tissue (9).
Therefore, biopsies of biologically relevant tissue,
adequate for the evaluation of the genetic signature
encoded in DNA and RNA, are essential for the
analyses needed to determine and develop future
treatments.
Currently, the method of acquisition of tissue can be

variable and lacks standardization, ranging from differ-
ent sampling techniques [fine needle aspiration (FNA) vs
core biopsy] to different sampling sites (primary vs
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