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[ Abstract )

features from cross-sectional imaging and analysis of these data

Baltimore

Radiomics is the extraction of quantitative

for decision support. As the role of medical imaging in patient
care has increased exponentially over the past decade, so too
have the data associated with these studies, allowing for more
robust and meaningful exploration. Diseases of the pancreas
requiring complex decision making including pancreatic cancer,
pancreatic cystic neoplasms, and pancreatic neuroendocrine
neoplasms, are the active subjects of radiomics research, and
patients and clinicians stand to benefit from development of this
technology in the near term. Radiomics has already revealed
novel insights into tumor phenotype, disease biology, and
patient outcomes, and will continue to become a more powerful

tool in the care of patients with pancreatic disease.
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The Current State of Radiomics

in Pancreatic Disease

What is “Radiomics” ?

As the role of medical imaging in the diagnosis
and management of human disease has expanded
exponentially in recent decades, researchers and
clinicians have explored methods to utilize these images
beyond standard visual interpretation''’. While its
origins trace back to the early days of computational
analysis in the 1960’ s, the modern quantitative
examination of medical imaging began to take root in

the 1980’ s'%.

appreciate the sheer volume of mineable,

Clinicians and researchers began to
high-
dimensional data contained within standard cross-
sectional medical images [ computed tomography
(CT), magnetic resonance imaging ( MRI) , positron
emission tomography (PET) ]"*' with the hope that this
data might be exploited to gain insight into the
pathophysiology of imaged tissues; a process we now
refer to as radiomics'".

Early quantitative image analysis generated
( CAD)
found early success in the field of breast oncology *”
These

questions such as whether or not a lesion or cancer was

systems which
4]

computer-aided diagnostic

systems were developed to answer basic
present on a particular imaging study. In contrast,

radiomics  extracts  ( potentially )  innumerable

quantitative features from digital standard-of-care

medical images and utilizes complex algorithms or
machine learning to test and generate hypotheses'’.
Complex analysis of radiomic features (e.g. intensity,
shape, texture, etc.) along with clinical and genomic
data allow inquiry far beyond those addressed with
early CAD systems, and enable non-invasive inquest
into the powerful questions of cancer phenotype and

7 This report aims to review the

patient outcomes
current state of radiomics in the diagnosis and
management of several pancreatic pathologies, and

provide a context for the field’s future development.

Pancreatic Ductal Adenocarcinoma

Given its overall dismal prognosis and highly

variable response to treatment, pancreatic ductal
adenocarcinoma ( PDAC) has been a major focus of
pancreatic  radiomics  research.  Clinicians  and
researchers, eager to find additional tools to combat
this deadly disease, have looked to the abundance of
data contained within standard-of-care cross-sectional
imaging in hopes to understand patients’ disease
biology better and expected response to treatment.

An early attempt at survival prediction was
performed by Chakraborty and colleagues who

attempted to estimate 2-year survival based on
preoperative CT scans of patients with PDAC'®'. Their
study included 35 patients who underwent gemcitabine-
based neoadjuvant chemotherapy followed by surgical
resection and subsequent adjuvant gemcitabine. The
authors analyzed 255 first-order, second-order, and
edge-based textural features of tumor regions on pre-
treatment CT scans. From these features, multiple
algorithms were created in an attempt to stratify
patients into short- and long-term survivor groups
(defined as <2 years or = 2 years). Across all
features, a directional edge-based angle co-occurrence
matrix ( ACM) model was best able to discriminate
between groups with a receiver operator characteristic
(ROC) curve area under the curve ( AUC) of 0.90
and accuracy of 82.9%. While the causal features of
differential survival are not known, the authors
postulate that several genetic drivers and tumor-stromal
interactions may result in both textural differences
found on CT as well biologic behaviors observed in
patients[gfm]

A follow-up study performed at Memorial Sloan
Kettering Cancer Center expanded this technique to
161 chemo-naive patients and combined radiomic
analysis with both preoperatively ( CA19-9 ) and
postoperatively (CA19-9, Brennan score'"") available
clinical data. While CA19-9 alone yielded a weak
concordance index (c-index) of 0.51 (only slightly
better than chance) with an integrated Brier score

(IBS) of 0.165, the addition of radiomic textural
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features to survival modeling increased the model’ s
c-index to 0.68 (IBS 0.141). When postoperative
pathologic features are added, the c-index further
increased to 0.74 (IBS 0.20). While this study
demonstrates the potential of radiomics-based survival
estimation, direct clinical applicability is limited as
modeling based on preoperatively available data
provided insufficient guidance for decision-making
regarding surgery and neoadjuvant chemotherapy. The
report does, however, provide justification for further
prospective  validation, with integration of gene
sequencing and histologic data. Similar results have
been reported in patients undergoing stereotactic body
radiotherapy ( SBRT) for their disease, with reason-
able model concordance with local control ( c-index
0.75, P=0.004) and overall survival ( c-index 0. 75,
P=0.05)""" At least one study has investigated the
ability of CT textural features to predict response to
neoadjuvant chemotherapy'"’ . Early-stage data suggest
that quantitative parameters on baseline CT can predict
histologic response to neoadjuvant chemotherapy and
outperform CA 19-9 in patients undergoing surgery for
PDAC. However, additional work is ongoing in this
area.

Radiomic analysis has also been used to predict
survival in patients with locally advanced (LA ) and

chemotherapy' "™’

metastatic  disease undergoing
Sandrasegaran and colleagues demonstrated that in
these patients, CT textural analysis of primary tumor
heterogeneity [ as measured by mean value of positive
pixels ( MPP ) and kurtosis ] were independently
associated with differences in overall survival.
Specifically, patients with MPP >31. 625 or kurtosis >
0.565 had a lower median survival than the overall
cohort. The authors suggest that increased heterogeneity
within primary tumors might result from variable
genomic expression, angiogenesis, hypoxia, and
micronecrosis, all of which may affect a tumor’s ability
to respond to systemic and local therapies''®'"). These

findings are consistent with previous studies in

esophageal """ | colorectal ™" and non-small cell
lung cancer'”' demonstrating the inverse association

between tumor heterogeneity and overall survival.

Pancreatic Cystic Neoplasms
While PDAC presents the principal therapeutic

challenge for clinicians treating pancreatic disease,
pancreatic cystic neoplasms ( PCN) represent their
primary diagnostic dilemma. While it is estimated that
greater than 2% of the general population harbors a
pancreatic cyst'™! | a significant minority of these will
progress to malignancy. Identifying high-risk lesions
has become a cottage industry with complex clinical

imaging or
24-25)

guidelines, often requiring invasive
biopsies, disputed between multiple groups'
surveillance and

Fortunately, an abundance of

preoperative  cross-sectional imaging provides a
significant amount of data on which to base radiomics
research in this area, with the holy grail of
radiographic discrimination of high- and low-risk
PCNs, enabling surgical removal of only those with
significant malignant potential, sparing patients with
low-risk lesions a potentially morbid operation.

An early study performed at MD Anderson Cancer
Center took 53 consecutive patients with intraductal
papillary mucinous neoplasms (IPMN) who underwent
surgical resection and analyzed their preoperative CT
scans in an attempt to differentiate between those with
high-grade dysplasia ( HGD) vs. low-grade dysplasia
(LGD) on final pathology™’ .

imaging features (including entropy, contrast, kurtosis

Three-hundred sixty

of the 1D and 2D gray-level intensity distribution,
etc.) were extracted from lesions on pre-surgery CT
scans for analysis. Their most predictive “ imaging
differentiated HGD from LGD with a
respectable AUC of 0. 86 ( sensitivity 85% , specificity
68%) .

combined to create an “imaging biomarker panel” , the

biomarker ”

However, when multiple markers were
best logistic regression yielded an impressive AUC of
0. 96 with sensitivity and specificity of 97% and 88%,
respectively. The authors state this compares favorably
to available clinical guidelines such as the Fukuoka

) which have a false positive rate of around

criteria
36%.
A later study by Attiyeh and colleagues evaluated
a series of 103 resected branch-duct IPMNs ( BD-
IPMN) 7' which have a lower overall malignant
potential than their main duct IPMN ( MD-IPMN )
counterparts. Here 74% of resected specimens were
found to be low-risk, while 26% represented high-risk
disease. Clinical and imaging characteristics were used

to create risk-predicting models in an attempt to
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preoperatively identify high-risk lesions. Quantitative
imaging-only modeling out-performed clinically-based
models (AUC 0.76 vs 0.67). When the preoperative
imaging and clinical data were merged to create a
comprehensive risk-prediction model, the overall AUC
0.79, highlighting the

incorporating both factors. In the future,
differentiate high- and low-risk IPMNs will likely

involve a combination of clinical suspicion, genetic and

increased  to utility  of

tools to

cytologic markers, and imaging characteristics in order
to safely manage patients with this disease.

Certain PCNs should be resected rarely, if ever,
as they pose little-to-no risk of progression or malignant
transformation. Chief among these are serous cystic
neoplasms ( SCN).

SCNs generally should be managed nonoperatively, our

While most surgeons agree that

ability to accurately diagnose them clinically is poor,
with more than 50% of patients undergoing unnecessary
surgical resection'®™ . Wei, et al. generated a
radiomics-based CAD protocol from 260 patients who
underwent PCN resection [ 102 SCN, 74 IPMN, 35
( MCN ), 49 solid

pseudopapillary neoplasm (SPN) ] in an attempt to aid

mucinous cystic neoplasm
in their clinical diagnosis'™. Astonishingly, of the 102
resected SCNs, clinicians correctly diagnosed only 31
(30.4%) preoperatively, meaning a large number of
these patients underwent unnecessary surgery. Of 409
extracted imaging features, 22 were selected for CAD
generation with a validation AUC of 0.837. After
additional data collection and validation, the authors
envision integration of their CAD scheme into the
clinical workflow, providing a powerful reference tool
for imaging-based clinical diagnosis, with the overall

goal of reducing overtreatment of these benign lesions.

Pancreatic Neuroendocrine Neoplasms
Pancreatic neuroendocrine neoplasms ( PNEN )

present yet another diagnostic and management

challenge to the clinician. For patients with these
tumors, appropriate management is based on size and
tumor grade, as determined by their proliferative
capacity (Ki-67% or mitotic rate) * | with most small
and low-grade tumors requiring only observation**.

Preoperatively, tumor-grade can be assessed via

invasive endoscopic-ultrasound-guided fine needle

aspiration ( EUS-FNA ), however preoperative biopsy

can misstage tumors in 10% - 20% of cases' ™.

Radiomics offers a non-invasive staging modality to
potentially predict the aggressiveness of PNENs and
ultimately guide surgical management.

An early study from the Massachusetts General
Hospital used a combination of qualitative and
quantitative imaging findings to differentiate between
PNEN grades on preoperative CT scans'**. In addition
to more classic imaging findings suggestive of high
grade tumors (e.g. size >2 c¢m, vascular involvement,
pancreatic ductal dilation, lymphadenopathy ), the
tumoral textural entropy was also found to predict grade
and progression-free survival. Models combining both
entropy and standard CT features demonstrated an
accuracy of 79.3% in differentiating G1 from G2/G3
tumors. Tumors with entropy values of >4. 65 were 3.7
times more likely to be high grade (G2/G3) when
compared to those with lower values. High tumoral
entropy also independently predicted progression-free
survival [X*(df, 1)=4.4, P=0.037]. The authors
point out that the accuracy of their radiomics model is
comparable to EUS-FNA, which may overestimate or
underestimate a tumor’s aggressiveness due to sampling
error or specimen processing, and contend that one day
such imaging biomarkers may play a central role in
determining which patients may benefit from surgery
rather than a watch-and-wait management approach.

A follow-up study by D’ Onfrio and colleagues
developed a tumoral grade-predicting model using only
CT textural features'”’. The CT scans of 100 surgically
resected PNENs were obtain  both

quantitative

analyzed to

imaging  characteristics ~ ( relative
enhancement ratio, standardized enhancement ratio,
and tumor permeability ratio) as well as tumoral
textural features ( mean value, variance, skewness,
kurtosis, and entropy ). Both enhancement ratio and
permeability index allowed distinction between G1 and
G2/G3 However, CT
specifically kurtosis, was even more accurate, allowing
differentiation between all three grades of PNENs with

statistical significance. The AUC of the ROC curve for

tumors. textural analysis,

kurtosis was an impressive 0. 924 for the diagnosis of
G3 tumors, with a sensitivity and specificity of 82%
and 85%,

validation is required, the authors imagine an exciting

respectively. While further prospective

potential future of PNEN diagnosis and staging,
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the

neuroendocrine neoplasm is detected,

envisioning that “ in same moment that a
characterized
and staged, texture analysis could provide tumor grade

prediction, allowing better patient management.”

Conclusions

As cross-sectional imaging becomes higher-quality
and more integral to clinical practice, the rigorous and
systematic analysis of data contained within these
images provides the opportunity to gain novel insights
into the pathologic diagnosis, disease biology, and

expected outcomes of patients with pancreatic disease.

Multiple studies have demonstrated the promise of
radiomics in determining disease biology in PDAC and
predicting systemic  therapy.
Pathologies such as PCN and PNEN, which present

diagnostic and prognostic complexities for clinicians,

even response to

are ideal diagnoses to benefit from the additional
information afforded by radiomic analysis. Large-scale
quantitative imaging analysis will only continue to
improve and expand in the coming years. The question
is not if, but when, the technology plays a routine role

in clinical care.
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