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Abstract The recent spring up of the antineoplastic agents and the prolonged survival bring both challenge and

chance to radiological practice. Radiological methods including CT, MRI and PET play an increasingly important

role in evaluating the efficacy of these antineoplastic drugs. However, different antineoplastic agents potentially

induce different radiological signs, making it a challenge for radiological response evaluation, which depends

mainly on one-sided morphological response evaluation criteria in solid tumors (RECIST) in the status quo of

clinical practice. This brings opportunities for the development of radiomics, which is promising to serve as a

surrogate for response evaluations of anti-tumor treatments. In this article, we introduce the basic concepts of

radiomics, review the state-of-art radiomics researches with highlights of radiomics application in predictions of

molecular biomarkers, treatment response, and prognosis. We also provide in-depth analyses on major obstacles

and future direction of this new technique in clinical investigations on new antineoplastic agents.

OVERVIEW OF IMAGING RESPONSE
EVALUATION

HE latest few decades have witnessed great
advances in antineoplastic agents, which
mainly focus on chemotherapy, immunother-
apy, and molecular targeted therapy.*™ Fol-
lowing the spring up of the antineoplastic agents and
the consequential prolonged survival, traditional gold
standard for response evaluation, i.e., the endpoint
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of overall survival (0OS), has met the Achilles heel. As
an important alternative endpoint, the application of
radiological methods, such as CT, MRI, and PET, have
experienced unprecedented explosive growth in onco-
logical clinical trials. In order to standardize the im-
aging endpoint processes, the Center for Drug Evalua-
tion (CDE) of National Medical Products Administration
of China published The Principles and Procedures of
Clinical Trial Imaging Endpoint Process Standards for
Antineoplastic Agents on January 15, 2021.1

However, there still exist several limitations and
hurdles in clinical practice. Antineoplastic agents with
different biological mechanisms and administered in
different treatment lines may present different radio-
logical signs regarding response to the treatment. The
Response Evaluation Criteria in Solid Tumors (RECIST)
simply measures changes in long diameter of targeted
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lesions based on morphology, and appears no longer
meet the needs of evaluating the existing anticancer
treatments.® For instance, good response to Imatinib,
the first-line targeted treatment agent for gastrointes-
tinal stromal tumor (GIST), may occur tumor necrosis,
cystic or myxoid degeneration, resulting in decreased
density on CT images, whereas tumor size may main-
tain unchanged, or even enlarged caused by degener-
ation of tumorous tissues, which might be determined
as stable or progression of the disease according to
RECIST.™!

Moreover, ongoing evolution of tumor may hap-
pen and cause introtumoral heterogeneity. According
to our clinical observation on a cohort of GIST patients
treated with ripretinib, intratumoral heterogeneity
(manifested as spatial heterogeneity and/or temporal
heterogeneity) happened in as high as 35% of the cas-
es. Such heterogeneity brings challenges in radiologi-
cal evaluation, and innovative predictors are urgently
needed to accurately evaluate response of tumor to
the treatments of antineoplastic agents.

BASIC CONCEPTS IN RADIOMICS

Under the concept of precision medicine, radio-
mics has been recently introduced into radiological
practices to help management of huge volume of data,
and has shown potentials in integrating multi-modality
radiological data to facilitate tumor evaluation.” This
data-mining driven mothed operates on the hypoth-
esis that radiological images contain huge amount of
information of tumor biological behavior which cannot
be interpreted directly by human subjective conscious-
ness, but can be extracted through texture analysis
and analyzed with integrating models by computer.!”?

Some classical machine-learning algorithms are
available in the field of radiomics, such as random
forest, logistic regression model, and support vector
machine.® °’ By using these methods, quantitative
descriptors based on shape, size, and texture can be
extracted from region of interests defined by radiol-
ogists.”! After reducing the dimensionality of these
features, a classifier model could be built through
machine learning method, and decision-supporting
could be achieved based on various practical scena-
rios and thereafter meet different requirements for
radiology./”? As a state-of-art subfield of artificial intel-
ligence (AI), deep learning could be adopted in imag-
ing procedures. Unlike machine-learning algorithms
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that has designed features by human, deep learning
can automatically understand and manipulate raw and
large datasets, i.e., the pixel values of an image, select
features needed for pattern recognition via iterative
adjustment, and finally distinguish the raw dataset
inputs.™™® Convolutional neural network (CNN) is the
commonly used deep learning algorithm in the studies
of radiomics.** %

RESEARCHES OF RADIOMICS IN
RESPONSE EVALUATION

Facilitated with AI, radiology could comprehen-
sively evaluate the overall intratumoral characteris-
tics compared to the regional representative nature
of biopsy pathology.™™® Currently, there is a growing
interest of radiomics applications in antineoplastic
agents development, including prediction of molecular
biomarker of tumor, prediction of response to therapy,
and predicting patient outcomes. Different algorithms
have been tested and some promising application
fields were proposed.” 3% The most representative
studies are presented in Table 1.

Prediction of molecular biomarker

There were several studies exploring radiomic parame-
ters that correlate with molecular biomarker of tumor,
which may signify the response of the tumor to anti-
cancer therapies. PD-1/PD-L1 signaling can be blocked
by immune checkpoint inhibitors to obtain an en-
hanced antitumor immune activity.™ A model to pre-
dict PD-L1 expression in non-small cell lung carcinoma
(NSCLC) was built by CNN, which showed high predic-
tive ability with an area under the ROC curve (AUC)
of 0.78, and it also could predict efficacy of the immu-
notherapy.’?” Trastuzumab, a humanized monoclonal
antibody that targets the overexpression of HER2 on
tumor cells to promote their lysis, is used in targeted
therapy for HER2-positive gastric cancer patients.?*
Li et al. investigated the value of CT radiomics in pre-
dicting HER2 status of gastric cancer by least absolute
shrinkage and selection operator (LASSO) logistic re-
gression model, and got a high accuracy (AUC = 0.771),
which indicates its value in guiding the screening of
patients who are susceptable to targeted therapy.!
GIST with mutations other than KIT exon 11 mutant
usually respond poorly to Imatinib.!*! Xu et al. report-
ed a radiogenomics study on GIST. They built a model
with radiomic features, anatomic locations, and CD34
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stain levels integrated together into a support vector
machine algorithm to differentiate KIT exon 11 muta-
tion positive from negative, and demonstrated a high
accuracy (AUC=0.904).

Solid tumors consist of not only neoplastic cells,
but also a variety types of nonmalignant cells, such as
stromal and immune cells, which interact with cancer
cells and play a part in its biological behavior.** *! Tu-
mor stroma status is positively correlated with epithe-
lial-mesenchymal transition (EMT) and angiogenesis
pathways, and is related to the upregulation of cyto-
kines of immunosuppression function.?*! Most recently,
a deep residual neural network with the deformable
image augmentation by attention U-net was developed
to detect gastric cancer stroma status determined
by immunohistochemistry of a-smooth muscle actin
(a-SMA) and periostin (POSTN). The diagnostic accu-
racy of this deep-learning model was 0.88-0.89 with a
high level of repeatability and stability.!*”’

There were also some studies focused on immu-
notherapy. Immune checkpoint inhibitors act by rein-
vigorating preexisting antitumor T-cell responses and
are most effective in tumors with high density of CD8+
T-cell.’® In a multicenter and multi-cohort study, a
regression method was explored to build a linear elas-
tic-net model for detecting the abundance of CD8 cell
quantified by RNA-seq data in pan-cancer."™ This ma-
chine learning model was shown to be highly effective
in classifying high versus low abundance of CD8 infil-
trate (AUC = 0.74) and identifying patients who might
respond well to anti-PD-1 or anti-PD-L1 therapy (P =
0.013) at the baseline."™™ Current studies suggest that
radiomic features could evaluate lesion longitudinally
and noninvasively, which overcome the temporal het-
erogeneity of tumors and provide valuable information
to clinicians for tailored treatment strategy.

Prediction of response to therapy and patient
outcomes

The current generation of targeted and immunothera-
pies can produce a clear clinical benefit, which is
poorly captured by RECIST.*® Studies have shown that
radiomics has potential to overcome this challenge.

In a multicenter study, machine learning based
radiomics has been explored to predict the added ben-
efit of adjuvant chemotherapy in early-stage NSCLC.**
In combination with T stage, N stage, and lympho-
vascular invasion, the machine learning model was
highly effective in selecting patients who would have
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a significantly prolonged survival while receiving adju-
vant chemotherapy (p=0.03). Radiomic features also
have correlation with the response to immunothera-
py. Trebeschi S. et al. reported that in NSCLC, lesions
responded to immunotherapy presented with more
heterogeneous morphological features; they developed
a model with random forest algorism to predict pro-
gression at lesion level and the OS at individual patient
level before therapy, which was demonstrated with
AUC of 0.70-0.83, and of 0.76, respectively.**

Some novel response patterns, such as pseudo-
progression induced by immune checkpoint inhibition
(ICI), have brought greater challenge for the response
evaluation base on RECIST criteria.l* A study declared
that during ICI treatment on melanoma, changes in
radiomic features from homogeneous to heteroge-
neous indicate a lower chance of pseudoprogression,
and the model built on the relative difference of ra-
diomic features between baseline and 3-months post
treatment in combination with blood LDH level of
3-months post-treatment achieved the highest accu-
racy (AUC=0.82; sensitivity=0.81; specificity=0.73)
in early differentiation of pseudoprogression from true
progress.t?’!

Studies investigating the predictive value of ra-
diomics in the treatment of molecular targeted therapy
have shown promising results. To predict the
response and survival of metastatic colorectal cancer
patients treated with agents targeting EGFR pathway,
the change in imaging features on CT scans between
baseline and the 8-week post-treatment were used to
build a model by random forest algorism, which was
shown to have a satisfactory performance (AUC=0.80),
outperformed that using KRAS mutational status at
baseline (AUC=0.67) and that using tumor shrinkage
8-week after the treatment based on RECIST criteria
(AUC=0.75) for detection of treatment sensitivity, and
was strongly associated with the 0S.1”!

CHALLENGES AND POTENTIAL
SOLUTIONS

The quality and completeness of published ra-
diomics studies are variable. It has been recognized
that some radiomics studies are inadequate to con-
duct high-quality results. One of the major obstacle
is the relatively small sample size, especially when
new treatment schemes are involved. Among radiom-
ics studies, the average sample size is 232 patients,
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and the minimum sample size is 38 patients.®”! About
81.1% radiomics studies lack external validation.””
However, Gilles et al. declared “in radiomics and else-
where, the power of the predictive classifier model is
dependent on having sufficient data”.l”? In addition, a
study demonstrated that even with cross-validation,
studies with a small sample size are still unreliable.”®
Therefore, multi-center research is necessary to obtain
sufficient sample size and avoid unstable and subopti-
mal results.

Some experts pointed out that there is an urgent
need for standardized methods.® The standardized
and unified methodology mainly refers to scanning
predisposal, image acquisition, reconstruction, and etc.
Different scanning protocols may introduce noise to im-
ages and influence the study results.®’ However, it is
still challenging for radiology departments of different
hospital/medical center to adopt and perform with the
same scanning protocol nowadays. Meanwhile, some
experts thought a diverse data set resembling the
format and quality of data from the expected clinical
seting is representative and ideal to train a model.*"
When a data set is large enough, noise caused by dif-
ferent scanning protocols could be reconciled.'!! As
shown in Table 1, the definition and segmentation of
lesions were different among studies. The segmen-
tation process is subjective and time consuming, and
required professional training, while neural network
algorism could address these challenges. Researchers
proposed a novel 3D multi-attention guided multi-task
learning network to realize automatic segmentation of
gastric cancer.*” Unlike supervised methods, unsuper-
vised methods have produced means of segmenting
lesions without labeling.'**! Repeatability assessment
is required to test model robustness.**! However, only
45.4% of radiomics studies conducted multiple seg-
mentations by two readers, and only 0.1% of studies
conducted segmentation at multiple time points.” The
labor intensity of repeated manual segmentation is high,
which may be the reason for insufficient repeatability
evaluation. A study has attempted to test repeatability
by both the second radiologist segmentation and the
expansion of the original tumor mask with a morpholog-
ical erosion operation algorism on original segmentation
to test the stability of the model."'”? This study provides,
some references to reduce labor intensity in future
studies. In addition, some specific issues still need to
be solved, including interpretability of texture features,
ethics and supervision of radiomics model.
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It has been increasingly recognized that many
clinical trials that involve Al interventions need to un-
dergo rigorous evaluation to demonstrate their values
in clinical outcome prediction. A study on reporting
quality of radiomics on oncological studies showed that
some researches were reported inadequately in terms
of study objectives, blind assessment, sample size
calculation, missing data, etc.,””! which affects the re-
producibility and clinical utility. The Consolidate Stan-
dard of Reporting Trails (CONSORT)-AI extension!*!
published in 2020 has provided a standard study design
and report guidance for studies with Al intervention in
health care. It recommends 14 Al-related items (Table
2) that should be reported in addition to the routine
items, which will promote the transparency and quality
of the clinical trials involving AI techniques.

SUMMARY

Technological innovation is endless. There have
been substantial efforts in developing advanced radio-
logical technology in the past decades. However, there
still exist several limitations and hurdles that need to
be overcome before widespread application in clinical
practice. It is important that radiologists collaborate
closely with both their clinical counterparts and Al re-
searchers, and interact actively with interdisciplinary
professionals. Through this way, the development of
antineoplastic agents can be accelerated by transfor-
mation and application of radiomics in clinical practice,
and ultimately benefit outcomes of cancer patients.
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