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Radiogenomics is no longer considered a niche or technical field. It is increasingly recognized as a translational and integrative research approach. Radiogenomics combines radiomics with other sophisticated modalities such as genomics and proteomics to enhance the precision of prognostication and to predict treatment response. It may also enable the development of
molecularly-directed diagnostics and therapeutics. While traditional imaging or radiology is being used for the detection of the tumor, genomics and proteomics are being used to phenotype the tumor. This phenotype is then used to predict disease behavior and response to treatment, and eventually leads to new diagnostics and therapeutics. Radiogenomic researchers
have been incorporating imaging as part of clinical trials that have sought to assess the effect of a specific treatment. These clinical trials have led to modifications in standard treatments and patient enrollment (Table 2 ). The influence of radiogenomic-based treatment planning has expanded beyond the treatment decision-making process. It is now also a common part

of the biomarker and prognostic development protocol that can be used to test the significance of different factors. Despite the small scale of the investigations, these efforts may lead to major advances in the management of GBM, impacting the normal day-to-day lives of affected patients. In terms of clinical impact, the advantage of radiogenomics is that predictive
models could be built from multiple data sources. Yet, to date, predictive models have typically been built from data derived from a single modality (e.g. computed tomography) and the radiomic signatures lack validation in independent data. The knowledge gained from these models will not be restricted to single imaging modality but, more importantly, could be

extendable to complementary data. With the advent of integrated approaches, radiogenomics could add new insight in a more comprehensive manner than a single modality. Given the increasing number of data sources, this trend will likely continue.
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With a well-studied cell line, the key question becomes the molecular markers that are proximal to the tumor site. Imaging markers may seem ideal; however, it can be difficult to link a
quantitative molecular parameter back to the tumor phenotype when it is derived from a model that has undergone extensive passage in vitro. Since the formation of metastases is the most

clinically relevant process to study, one must first validate that a model of metastasis will be feasible. These models rely on either the implantation of cancer cells into the circulatory system or
the delivery of cells to the site of interest via different methods of injection (intra-peritoneal, intravenous, subcutaneous, orthotopic). In the following sections, we explore the challenges in

radiomics and highlight the potential solutions. One of the greatest challenges is dealing with the large number of extracted features. This can be addressed by selecting an appropriate analysis
pipeline. Another challenge is the choice of features. The most common approach is to adopt a feature selection method based on a correlation analysis. These methods are usually performed
with the selected features extracted using a predefined hand-crafted algorithm. Again, this represents only one option. Alternatives, such as a deep learning approach, have been successfully

adopted in several fields, such as image classification [ 242, 243 ], object detection [ 244 ], and visual question answering [ 245 ] among others. As radiomics matures, we envision that
radiomics will find more acceptance among researchers and practitioners, leading to greater availability of data. This will necessitate the development of robust strategies to address the

challenges in radiomics research. 5ec8ef588b
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