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Abstract
Radiomics handles imaging biomarker from high-throughput feature extraction through complex pattern recognition that is
difficult for human to process. Recent medical paradigms are rapidly changing to personalized medicine, including molecular
targeted therapy, immunotherapy, and theranostics, and the importance of biomarkers for these is growing day by day. Even
though biopsy continues to gold standard for tumor assessment in personalized medicine, imaging is expected to complement
biopsy because it allows whole tumor evaluation, whole body evaluation, and non-invasive and repetitive evaluation. Radiomics
is known as a useful method to get imaging biomarkers related to intratumor heterogeneity in molecular targeted therapy as well
as one-size-fits-all therapy. It is also expected to be useful in new paradigms such as immunotherapy and somatostatin receptor
(SSTR) or prostate-specific membrane antigen (PSMA)-targeted theranostics. Radiomics research should move to multimodality
(CT, MR, PET, etc.), multicenter, and prospective studies from current single modality, single institution, and retrospective
studies. Image-quality harmonization, intertumor heterogeneity, and integrative analysis of information from different scales
are thought to be important keywords in future radiomics research. It is clear that radiomics will play an important role in
personalized medicine.
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Radiomics is an emerging field, defined as the high-
throughput extraction of quantitative features from medical
images [1]. This approach provides high-dimensional data
describing properties of shape and texture of tumors captured
on imaging modality, and the radiomics features are believed
to contain information that reflects underlying tumor patho-
physiology [2]. One of the reasons why radiomics is important
is that it allows evaluation of tumor heterogeneity [3, 4].
Genomic instability, one of the hallmarks of cancer, causes
intratumor and intertumor heterogeneity through clonal evo-
lution and is known to cause treatment failure [5, 6]. More
accurate evaluation of these genomic landscapes requires mul-
tiple and serial tumor sampling, which is clinically impractical
in terms of cost and invasiveness [7, 8]. Radiomics can com-
plement the disadvantages of biopsy because of the

availability of whole body and whole tumor evaluation as well
as non-invasive and repetitive imaging [9]. The primary goal
of radiomics is to build a clinically relevant predictive, de-
scriptive, or prognostic model using radiomics features [10].

The recent paradigm of cancer management has been rap-
idly changed to personalized medicine. Unlike historic Bone-
size-fits-all^ medicine, personalized medicine evaluates spe-
cific tumor markers to select for patients who may benefit
from molecularly targeted therapy by maximizing therapeutic
effect and minimizing toxicity [11]. Based on these strategies,
molecular targeted drugs targeting cancer driver mutations
such as EGFR and ALK mutations have been used in clinical
practice [12–14]. Further, the development of immune check-
point inhibitor drugs has led to a shift to a new era of person-
alized medicine, with many studies having been conducted to
find immune checkpoint markers available in clinical practice
[15–17]. Another major challenge to personalized medicine is
theranostics, a new medical field of combining specified ther-
apeutics and specified diagnostics. In fact, this concept has
been practiced for decades through the use of radioactive io-
dine therapy and is very familiar with nuclear medicine phy-
sicians [18]. In recent years, somatostatin receptor (SSTR) has
attracted much attention as a molecular target for theranostics
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for gastroenteropancreatic neuroendocrine tumors [19]. In ad-
dition, radiolabeled ligands targeting prostate-specific mem-
brane antigen (PSMA) are expected to have good results in
diagnosis and treatment in patients with hormone refractory
prostate cancer [20].

The potential of usefulness of positron emission tomogra-
phy (PET) radiomics for personalized medicine has been
widely reported in various cancers, as it has been in the pur-
pose of tumor marker evaluation, selection of patients
expecting a better response, and development of prognostic
markers [21–23]. The intratumor heterogeneity assessment
through PET radiomics features has been shown to success-
fully predict the prognosis of EGFR tyrosine kinase inhibitors
in non-small cell lung carcinoma [24, 25]. Meanwhile, there is
a lack of radiomics studies on immune checkpoint inhibitors
due to limited accumulated data. However, PET radiomics are
expected to be useful in immunotherapy, since it has been
reported that tumor metabolism is closely related to
transcriptomic data of the immune landscape in the tumor
microenvironment [26, 27].

There are several challenges with radiomics. In techni-
cal aspects, radiomics features are vulnerable to imaging
and reconstruction settings [28]. This is an obstacle to
multicenter trials which are essential for the transition to
clinical implementation. Therefore, harmonization of im-
ages of different quality will be important for more accu-
rate and more robust results from radiomics research. Up
to now, radiomics studies have been mainly focused on
single imaging modality including FDG PET. However, it
is considered that a process of integrating image informa-
tion of different scales from anatomical to molecular
levels is necessary in the future. There is also a need to
study the potential of radiomics for SSTR or PSMA-
targeted imaging which is highlighted in theranostics.
Furthermore, radiomics studies involving NGS-based bio-
informatics are also needed. Finally, more research is
needed on the evaluation of intertumor heterogeneity as
well as intratumor heterogeneity. Despite those challeng-
ing issues, it is obvious that the potential of radiomics is
promising in playing an important role in personalized
medicine and theranostics.
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