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Role of image-guided biopsy and radiomics in the age of precision
medicine

Lambros Tselikas"?, Roger Sun®*, Samy Ammari’®, Laurent Dercle’’, Steve Yevich®, Antoine Hollebecque’,
Maud Ngo-Camus’, Claudio Nicotra’, Eric Deutsch**'’, Frederic Deschamps', Thierry de Baere""’

'Interventional Radiology, Gustave Roussy, Villejuif, France; ‘Tmmunology Translational Research Laboratory (LRTT), UMR 1015, Villejuif,
France; ‘Radiotherapy Department, Gustave Roussy, Villejuif, France; “Inserm, U1030, Université Paris-Sud, Orsay, France; 'Department of
Radiology, Gustave Roussy, Villejuif, France; “IR4M, UMRS081, Université Paris-Sud, Orsay, France; 'Department of Radiology, New York-
Presbyterian Hospital, Columbia University Vagelos College of Physicians and Surgeons, New York City, NY, USA; *Interventional Radiology,
MD Anderson, Houston, TX, USA; quug Development Department, Gustave Roussy, Villejuif, France; YFaculté de Médecine, Université Paris-
Sud, Orsay, France

Contributions: (I) Conception and design: L Tselikas, R Sun, S Ammari, T de Baere; (II) Administrative support: E Deutsch, T de Baere; (III)
Provision of study materials or patients: R Sun, S Ammari, L Dercle; (IV) Collection and assembly of data: L Tselikas, R Sun, S Ammari, L Dercle, M
Ngo-Camus, C Nicotra; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors. (VII) Final approval of manuscript:
All authors.

Correspondence to: Lambros Tselikas. Interventional Radiology, Gustave Roussy, 114 rue Edouard Vaillant, 94805 Villejuif, France.

Email: Lambros.tselikas@gustaveroussy.fr.

Abstract: Modern oncology requires precise tumor assessment to drive effective therapies. Image-guided
biopsies are the current standard of care to characterize molecular alterations safely and effectively, but have
inherent limitations due to tumor heterogeneity and accessibility, as well as from procedure related risks.
Advancements in radiomics analysis provide the potential to retrieve useful incremental information to
characterize molecular alterations from standard imaging data in a cost-effective and non-invasive manner,
but currently suffers from lack of validation and standardization. The combination of techniques may provide
the optimal solution for patient-tailored care, ultimately through the development of accurate and reliable
virtual biopsy. In the advancement towards that goal, image-guided biopsy can prove radiomic suspicions and
conversely radiomics can guide image-guided biopsy to improve tissue yield. Joint development of these two

methods will improve cancer understanding and patient outcomes.
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Introduction at different scales (1). Variation can be present between
. .. atients (inter-patient) and within the same patient (intra-
The multi-scale character of cancer heterogeneity is p ) (T p Lh ) ] - hin th p ( )

. . . . . atient). Tumoral heterogeneity within the same patient
a widely described in the literature as a determining p ) g ty P

parameter for patient survival (1). Heterogeneity or clinical- may present within the primary tumor (intra-tumoral),

pathological variability prevents an effective standardized between metastatic lesions (inter-metastatic), and even

cancer treatment regimen, and necessitates a patient- within a single metastasis (intra-metastatic) (2).

centered and patient-tailored approach to comprehensive It is important to note that intra- and inter-tumor

cancer management.
Extensive genetic and phenotypic variation between
tumors results in this heterogeneity, and can be observed
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heterogeneity also undergoes temporal variation due to
genomic instability and is recognized as an important factor
leading to cancer treatment failure and poor prognosis (3,4).
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A better understanding of the phenomena underlying
tumor heterogeneity is crucial to improve cancer
management (5,6). The quantification of heterogeneity
relies on identification of various biomarkers, by the use
of either tissue biopsy or medical imaging features. Spatial
and temporal heterogeneity can be accurately estimated
by sophisticated genomic analyses that generally require
repeated tumor biopsies. While the image-guided biopsies
offer excellent spatial resolution for tissue analysis on a
cellular scale and allow proteomic, genetic and molecular
sequencing (7); however, biopsy is limited by risks of
invasive procedures and focal sampling errors and limitation
by tumoral characteristics such as small size, location, or
heterogenous necrosis (2,8).

In the search for a non-invasive method to characterize
tumor, researchers have turned to medical imaging as a
repeatable alternative to quantify tumoral heterogeneity,
albeit with a lower spatial resolution. The benefits of non-
invasive imaging compared to invasive image-guided biopsy
include reduced inherent risk to the patient and the potential
to characterize the tumor as a whole as opposed to a focal
biopsy. In addition, imaging can assess the temporal course
of tumoral heterogeneity along the treatment sequence or
disease progression to guide treatment. The limitations of
medical imaging include radiation exposure, imaging contrast
resolution limitations by imaging modality, and specific
imaging modality restrictions such as magnetic resonance
imaging (MRI) safety restrictions in patients with implants.

Recent advances in medical imaging informatics have
allowed the extraction of advanced quantitative imaging
biomarkers without any additional examination or cost.
Biomarkers identified on imaging alone can describe the
tumoral phenotype and extract metrics that measure iz vivo
the internal organization and evaluate the spatial spread
of the malignant process as well as the surrounding tissue
(host). Biomarker extraction from diagnostic images is
referred to as radiomics or Image omics. This advanced
quantitative technique was first introduced to decode the
genomic activity of tumors (9,10) and then applied to a large
number of pathologies and different imaging modalities,
predominantly computed tomography (CT) and MRI.

The term Radiomics was introduced by Gillies ez al.
in 2010 (11) and adopted by Lambin ez 4/. in 2012 (12).
Radiomics can guide the treatment of oncology patients,
by classifying tumors by stage, histology or molecular
profile (13,14), or to predict response to treatment (15).
This technique has also been proposed to focal treatments,
such as radiotherapy (16). Used in parallel or in addition
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to conventional biomarkers from biopsy and clinical
data, radiomics is currently a major research topic for the
development of personalized medicine, as all digitized
images obtained in medical imaging can benefit from
radiomics analysis based on the principle of texture.

The purpose of this article is to describe the current role
of tumor biopsies and the principles of radiomics analysis
in the era of precision medicine, and to present potential
synergies to improve patients’ outcomes.

Biopsies and precision medicine

Percutaneous image-guided tumor biopsy remains the
standard method to acquire samples for analysis, of both
tumoral and non-tumoral tissue. Percutaneous, image-
guided biopsies in many institutions have obviated the need
for surgical excisional biopsy. Image-guided biopsy provides
a minimally invasive technique with very good results
for routine diagnostic purposes, as well as for precision
cancer diagnostics. While overall less invasive than surgical
biopsy, image-guided needle biopsy still presents potential
procedure related risks and complications (17), reported
to be below 5-10%, which must be weighed against the
potential gains of tissue sampling that include acquisition of
predictive biomarkers to guide therapy selection between
conventional anticancer treatments, targeted therapies, and
immunotherapies.

The pre-biopsy work-up includes careful evaluation of
diagnostic imaging for procedural planning. Pre-procedure
imaging must be obtained to ensure that the target lesion
is well visualized. Image-guided biopsy may be performed
with the modality that best visualizes the lesion, and most
commonly employs ultrasound or CT guidance, but
may also utilize fluoroscopic, MRI or positron emission
tomography (PET)-CT guidance. In addition to lesional
visualization, a safe trajectory to the lesion must be visible
through the surrounding soft tissue structures to minimize
complication risks. Lastly, before proceeding with biopsy,
evaluation of imaging may identify higher density of
lesional tissue in certain portions of the tumor, which
may improve viability of sampling. For example, increases
nodular density, vascularity, or perfusion in the periphery
of a lesion may guide the proceduralist from avoiding
sampling centrally necrotic debris. In an ancillary study of
the MOSCATO trial, a molecular trial based on on-purpose
biopsies, many predictive factors for high tumor cellularity
were analyzed comprehensively (18). The organ (other than
bone), the number of samples (>6), and the use of contrast
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enhanced ultrasound were predictive for higher cellularity,
in order to perform comparative genomic hybridization and
next-generation sequencing.

Complications of image-guided needle biopsy are
reported at approximately 10%; however, the majority
of these complications are minor. In evaluation of CT
guided complications from percutaneous image-guided
needle biopsy of tumors, a recent large prospective study
reported grade 3 (CTCAE) complications to occur in only
1.6% of the patients and no grade 4 or 5 complications (8).
The only predictive factor of severe complication was the
organ biopsied with an odds ratio =27.23 (4.93-242.76),
mainly from pneumothorax complications after lung tumor
biopsy. Despite this higher risk for lung tumor biopsy,
the treatment for the complication is typically placement
of a small caliber (8-10 Fr) chest tube for 1-2 nights, a
minor inconvenience compared to the routine injury and
complications from open surgical lung biopsy. Sequential
and multisite biopsies have also been reported with high
yield and acceptable low complication risks, specifically
in the setting of clinical research protocols performed by
experienced operators (19,20).

After acquisition of sample, the next critical aspect is
the analysis and sample post-processing. Recent technical
developments have improved the outcome of analysis,
particularly for needle biopsy samples that provide relatively
small number of cells. These laboratory advancements
include deep sequencing with single-cell analysis, RNA
sequencing, and whole exome sequencing. In addition,
patient-derived xenograft (PDX) models (21), can be
applied to develop precision medicine.

Lastly, the convenience of needle sampling and
immediate local ablative therapy should be highlighted.
Biopsies and focal image-guided treatments such as
percutaneous ablations can be performed during the same
procedural setting, without increasing the puncture-related
risks. For example, samples may be obtained and the
lesion may be definitely ablated with percutaneous thermal
ablation, all via the same coaxial needle access (22,23).

The main drawbacks to the application of percutaneous
biopsies for precision medicine, beside the inherent,
albeit low, risks to needle guided intervention, remain the
inherent procedural logistics, required technical expertise,
and the related costs (24).

Radiomics and precision medicine

Radiomics translates images computationally into
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quantitative complex data. The imaging features that are
extracted include tissue intensity, shape, and texture. The
detailed description and categorization of these quantitative
complex data are not routinely part of the radiological
lexica due to the inherent difficulty in discretion by the
naked eye. Several computation models seek to improve
characterization through dependable algorithms using
high dimensional data that allows for more in-depth
characterization of the tumor phenotype (25-27). The
underlying assumption is that the tumoral imaging patterns
reflect not only tissue architecture, but also cellular and
molecular composition. Radiomics provides the potential
for a “virtual biopsy”. The advantages of radiomics include:
(I) non-invasive process, (II) ability to simultaneous provide
tissue composition and tumoral spatial heterogeneity by
analysis of the lesion patterns and spread over time, and (I1I)
reproducibility of processes to monitor the evolution of the
disease, including natural history, temporal heterogeneity,
prediction of treatment response and modifications induced
by therapy.

Since oncologic imaging is already heavy integrated
to routine clinical management, a vast amount of data is
already available to facilitate development of the radiomics
field at each step of the patient management: diagnosis,
staging, and follow up. This high volume of imaging
has already demonstrated improvements in cancer care.
A National Lung Cancer Screening Trial (NLST) that
included 53,000 patients demonstrated that low-dose CTs
interpreted by radiologists have shown to be associated
with mortality reduction. Unfortunately, there was a high
number of false-positive imaging interpretation (28), which
might be effectively improved with further application of
radiomics that has accuracies of 80% and 79%, at 1 and
2 years respectively, for predicting nodules that will become
cancerous (29). With improvements, radiomics will be more
widely applied towards precision medicine, through the
characterization of the tumor biology (25).

Radiomics also has the capability to analyze both temporal
and spatial heterogeneities through quantitative serial data
evaluation. For example, in CTs of lung adenocarcinomas,
entropies of the tumor core and boundary regions
were computed separately, with results showing that a
higher ratio between the two are associated with poorer
outcome (30). This method evaluated several volumes of
interest in one lesion to provide an in-depth characterization
that has also been applied in other studies to show
characterization of intratumoral and peritumoral features
may improve treatment outcome predictions (31,32).

Chin Clin Oncol 2019;8(6):57 | http://dx.doi.org/10.21037/cc0.2019.12.02



Page 4 of 8

Radiomics may also have potential to characterize
additional tumor oncogenic process, also known as the
hallmarks of cancer (33,34). Indeed, tumor angiogenesis
has been associated with contrast enhancement imaging
phenotype in glioblastomas (10), as well with more advanced
texture features in lung (35) or breast cancers (36). Hypoxia
has also been investigated and shown to be associated
with multi-categorical quantitative imaging features in
lung cancers (37,38), and similar findings were published
regarding features associated with cell proliferation
genes (9). Other studies have shown associations between
radiomics features and immune infiltration or immune
pathways (31,32,39). For example, radiomics may be use
to predict CD8 T cell genes expression, which might
serve as a prognostic factor for patients treated with
immunotherapy (32).

The applications above apply global radiomics methods
to assess imaging features from a volume of interest (VOI).
Radiomics may also be applied on a per-voxel basis. This
“local radiomics” allow the generation and the visualization
of novel tumoral maps (15,40,41) similar to functional
imaging such as PET-CT, but with the advantage of the
resolution of anatomical imaging resolution and the absence
of a PET tracer (42). The resultant feature maps may detect
more aggressive areas of the tumor, which can help to guide
biopsies and also local treatments such as percutaneous
thermal ablation or radiotherapy to targeted volumes to the
radiomics map (radiomic-target volume) in dose painting
strategies (15,43).

While radiomics seems a very promising tool with the
ultimate goal to qualify radiomic features as biomarkers for
clinical care, further developments and improvements are
needed to achieve reliable and clinically applicable results
(44,45). Studies have demonstrated that reproducibility
is affected by imaging acquisition techniques/parameters,
reconstruction algorithms (smooth and sharp), contrast-
enhancement quality (46), and segmentation. These findings
raise awareness of the importance of properly setting
imaging acquisition parameters, especially in the context
of radiomics approaches used across multiple institutions.
Today the level of evidence of the different studies still
remains low and further clinical studies are needed to
homogenize imaging protocols and to improve feature
reproducibility (47,48). Prospective clinical trials are also
needed to validate the findings for different tumor types and
subtypes, as well as different imaging modalities. In order to
help to improve the quality and the level of evidence of the
numerous studies in this field of research, evaluation criteria

© Chinese Clinical Oncology. All rights reserved.

Tselikas et al. Image-guided biopsy and radiomics

and reporting guidelines have been published (47).

Potential synergies of image-guided biopsies and radiomics

While both image-guided needle biopsy and radiomics
techniques share the same objectives, the approaches are
very distinct. There are potential advantages to combining
techniques (Figure I).

Table 1 summarizes the advantages and limitations
of image-guided biopsies and radiomics, and potential
synergies to better drive precision medicine.

The most immediately application of radiomics for
image-guided biopsies would be to precisely guide biopsy of
a specific part of a tumor or peritumoral tissue. “Radiomics-
guided” biopsies could improve biopsy yield through
identification of increase detection of molecular alterations
or resistance mutation. Conversely, biopsy-proven radiomics
could provide a means to validate radiomic patterns of
interest, and go beyond the statistical correlations with
phenotypes or clinical features by matching specific
molecular findings. Well-structured databases that correlate
radiological findings with pathological samples and clinical
outcome required extensive database collection, which could
be retrospectively or prospectively gathered in tertiary
cancer centers with early phase drug development units.

Another application could be for patients that can
undergo a biopsy because of the tumor location or other
contraindications. For glioblastomas, for instance, radiomics
approaches have also been widely deployed for the diagnosis
and treatment plan. Several signatures were identified
and associated with methylation, age-related patterns and
prognosis factors (49). Although these technologies should
be validated prospectively, there is significant evidence to
suggest that radiomics approaches could provide virtual
biopsy of the tumor heterogeneity and vascularity in
glioblastoma patients.

Another example of risk optimization is the radiomics-
based clinical decision algorithm applied to cirrhotic
patients requiring liver biopsy (European guidelines) or
wait-and-see strategy (American guidelines). A signature
using a single feature was validated in a multicenter
retrospective cohort to diagnose hepatocellular carcinoma
(HCC) and therefore improve their management and
outcome (50), showing perfectly the incremental value of
computational approach extracted from standard of care
triphasic CT-scans. While expert visual assessment using
current guidelines cannot accurately differentiate HCC
from differential diagnoses, this process can be automated.
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Figure 1 Figure showing potential therapeutically actionable pathways that can be assessed by radiomics, and how it could be implemented

to guide optimal site of biopsy sample.

Narrow artificial intelligence proved to excel in specific task
such as quantifying a “washout” pattern between arterial
and portal venous phases that is a hallmark of this disease.
The analysis of source imaging data from large
randomized trials offers a rich and reusable, but largely
untapped, resource for future research on novel trial-
level response and progression imaging metrics (51).
Once validated, imaging biomarkers associated with poor
prognosis could be leveraged to detect tumor lesions
with aggressive phenotype/high-risk and therefore

improve radiomics-guided biopsies. In addition, this
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database evaluation could be applied to better determine
when biopsy is indicated, and which tissue sampling is
unnecessary (52). For example, biopsies could be pursued in
specific cases when radiomic patterns are not concordant to
clinical outcomes or to elucidate new patterns that could be
of interest.

Conclusions

Percutaneous image-guided needle biopsies and radiomics

are key players in the age of precision medicine for patient-
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Table 1 Advantages, drawbacks and potential synergies of image-guided biopsies and radiomics approaches

Image-guided biopsies Radiomics

Advantages Tissue sampling No risk
Standardized technique Repeatability
Validated analysis Covers tumor heterogeneity
PDX models Global and local approach
Low risks Cost-effectiveness
Treatment during the same procedure Multimodality

Drawbacks Tumor heterogeneity assessment Needs standardization

Cost

Potential synergies

Needs validation

Create common biopsy sample/radiomics databases

Radiomics guided biopsies

Biopsies and radiomics correlations

Avoid unnecessary biopsies using radiomics

Use biopsies to fine tune radiomics

PDX, patient-derived xenograft.

tailored therapy, with specific limitations and advantages to
both techniques. Future advances in radiomics hold great
promise, but will require extensive database collection to
correlate diagnostic imaging characteristics with tissue
sampling and clinical outcome. A combined approach of
biopsy and radiomics may ultimately provide the optimal
tumoral characterization with minimal risks to most
appropriately guide specialized therapy.
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