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Abstract

Background: Radiomics-based characterization of fluid and retinal tissue com-
partments of spectral-domain optical coherence tomography (SD-OCT) scans
has shown promise to predict anti-VEGF therapy treatment response in dia-
betic macular edema (DME). Radiomics features are sensitive to differentimage
acquisition parameters of OCT scanners such as axial resolution, A-scan rate,
and voxel size; consequently, the predictive capability of the radiomics features
might be impacted by inter-site and inter-scanner variations.

Purpose: The main objective of this study was (1) to develop a more general-
ized classifier by identifying the OCT-derived texture-based radiomics features
that are both stable (across multiple scanners) as well as discriminative of ther-
apeutic response in DME and (2) to identify the relative stability of individual
radiomic features that are associated with specific spatial compartments (e/g.
fluid or tissue) within the eye.

Methods: A combination of 151 optimal responders and rebounders of anti-
VEGF therapy in DME were included from the PERMEATE (imaged using
Cirrus HD-OCT scanner) and VISTA clinical trials (imaged using Cirrus HD-
OCT and Spectralis scanners). For each patient within the study, a set of
494 texture-based radiomics features were extracted from the fluid and the
retinal tissue compartment of OCT images. The training set (S;) included 76
patients and the independent test set (S,) comprised of 75 patients. Features
were ranked based on (i) only discriminability criteria, that is, maximizing area
under the receiver operating characteristic curve (AUC) and (ii) both stability
and discriminability criteria. The subset of radiomic features for which the fea-
ture expression remained relatively consistent between the two datasets, as
assessed by Wilcoxon rank-sum test, were considered to be stable. Different

SD-OCT, spectral domain-optical coherence tomography; DME, diabetic macular edema; ILM, inner limiting membrane; RPE, retinal pigment epithelium.
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machine learning (ML) classifiers (such as k-nearest neighbors, Random Forest,
Linear Discriminant Analysis, Quadratic Discriminant Analysis, Support Vector
Machine using linear and radial basis kernel, Naive Bayes) were trained using
the features selected based on both the stability and discriminability criteria on
St and then subsequently validated on S,. The ML classifier (M) that yielded
maximum AUC on S, was considered to be more generalized and stable for
distinguishing anti-VEGF therapy treatment response as well as less sensitive
to the effect of inter-site and inter-scanner variability.

Results: The model M, (based on both stability and discriminability criteria)
achieved higher AUC compared to the criteria based off feature discrimination
alone on S,, (maximum AUCs of 0.9 versus 0.81; p-value = 0.048). The texture-
based radiomic features pertaining to the retinal tissue compartment were found
to be more stable compared to the fluid related features across the two datasets.
Conclusions: Our study suggests that incorporating both stable and discrim-
inatory texture-based radiomic features extracted from fluid and retinal tissue
compartments of OCT scans, a more generalized radiomic classifier can be
developed to predict therapeutic response in DME. Also, the feature stability
was found to be a function of the spatial location within the eye from where the
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1 | INTRODUCTION

Radiomics-based characterization of spectral-domain
optical coherence tomography (SD-OCT) scans provide
unique opportunities in biomarker discovery, early detec-
tion and monitoring of disease progressions, predicting
therapeutic response and treatment decision making
for multiple retinal diseases.””'° OCT is the dominant
non-invasive imaging modality that provides high reso-
lution cross-sectional tissue imaging of the retina and
has been mostly used by the clinicians for quantitative
assessment of retinal thickness to determine the sever-
ity level of different ocular diseases including diabetic
macular edema (DME).!" Radiomics offers extraction
of sub-visual imaging attributes characterizing the het-
erogeneity within different OCT subcompartments.'?'3
Quantification of the subtle variation within the texture
from SD-OCT scans allows for monitoring disease man-
ifestation and predicting therapeutic response in DME.
The role of OCT-derived texture-based radiomics fea-
tures from different spatial compartments (fluid and
retinal tissue compartment) in predicting anti-VEGF
therapy treatment response in DME patients are well
investigated.'? '3 In a recent work from our group,'? the
texture based radiomics features pertaining to the fluid
compartments of OCT images were found to be most
associated with therapeutic response for DME patients.

For diagnosis, predicting treatment response and
management of diseases, the radiomics features should
be stable and robust across multiple sites and institu-
tions irrespective of inter-site and inter-scanner varia-
tion. However, the radiomics features are known to be

features were extracted.

anti-VEGF therapy, diabetic macular edema, discriminability, radiomics, spectral domain-optical
coherence tomography, stability

sensitive to scanner specific image acquisition param-
eters that influence the brightness, contrast, resolution
and overall image quality.!*'® Recently a number of
studies'’?" in literature have focused on identifying
stable and discriminatory features across multi-site
data in the context of prostate’’~'% and lung cancer?’
and glioblastoma tumors?! These studies investigated
the sensitivity of radiomics features to magnetic reso-
nance (MR)?! and computed tomography (CT)2°-based
image acquisition parameters (such as slice thick-
nesses, image contrast and voxel resolutions) as well
as for digitized radical prostatectomy specimens'’ and
quantitatively linked to variability in radiomics signa-
tures. The SD-OCT image acquisition parameters such
as axial resolution, sensitivity, A-scan rate, wavelength,
voxel size also vary across different scanners and have
potential impact on overall image acquisition.?>=?* For
example, higher axial resolution of OCT scanners yield
better image quality followed by detailed visualization
of retinal structures and explicit differentiation of reti-
nal layers?®> OCT systems with higher sensitivity are
capable of providing higher contrast images?* Con-
sidering the impact of CT and MRI image acquisition
parameters on overall image quality,'’—2" it is likely to
be true that the variability in OCT image appearance
(as a function of acquisition related parameters) might
also have impact on the extracted radiomic features
and their predictive capability. Since the OCT scanners
used for retinal image acquisition vary across multi-
ple sites and institutions, radiomics model developed on
single-institution data might not be generalized across
multiple-sites; hence the stability and reproducibility of
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OCT-derived radiomics features to build a more gener-
alized and robust model to predict therapeutic response
in DME across multi-sites needs thorough investigation.

Most of the radiomic studies?°2% have focused on just
using traditional feature selection methods to build mod-
els, these selection strategies aim to prioritize features
that maximize discrimination. However, given the sen-
sitivity of radiomics to acquisition parameters, there is
an opportunity to include additional criteria like stabil-
ity to create more robust and generalized models that
explicitly invoke both stability and discriminability. Leo
et al."” introduced the concept of Preparation Induced
(PI) instability measure to quantify feature instability
which is defined in terms of the frequency at which any
feature is found to be significantly different in distribution
among multiple sites and presented that incorporating
both the stability (based off Pl score) and discriminabil-
ity (based off maximizing area under receiver operating
characteristics curve (AUC)) criteria, highly accurate and
highly stable features could be identified for prostate
cancer detection.

Additionally, even though prior work from our group'?
has suggested that spatial location (fluid and retinal tis-
sue compartment) within the eye can allow for unique
radiomic signatures to predict treatment response in
DME, it is still unknown whether spatial location can
result in more or less stable radiomic features. There-
fore, the association between feature stability and the
spatial compartment for treatment response prediction
also needs further exploration. In the present study we
explored two scientific premises: (1) Incorporating both
the stability and discriminability criteria we sought to
develop a more generalized classifier that are more
robust to variations in image acquisition parameters
of the OCT scanners across multiple sites and simul-
taneously favorably distinguishes between the optimal
responders and rebounders of anti-VEGF therapy in
DME and (2) the stability of the features associated with
different spatial locations/compartments within retina.

2 | MATERIALS AND METHODS

21 | Patient cohort

The present study included a combination of 151 opti-
mal responders and rebounders of anti-VEGF therapy
in DME from the PERMEATE?” and VISTA?® clinical tri-
als. PERMEATE was a 12-month prospective open-label
study for treatment-naive eyes with foveal-involving reti-
nal edema secondary to DME and retinal vein occlusion
(RVO). The study protocol was approved by the Cleve-
land Clinic Investigational Review Board (IRB) and the
study was adhered to the tenets of the Declaration of
Helsinki and US Code 21 of Federal Regulations. The
study included 31 subjects. Inclusion criteria included
>18 years of age, foveal-involving retinal edema sec-
ondary to DME or RVO based on SD-OCT, Early

Treatment Diabetic Retinopathy Study (ETDRS) best-
corrected visual acuity (BCVA) of 20/25 to hand motion
(HM), that is, O to 83 ETDRS letters in the study eye?’
Three eyes from 31 subjects were excluded due to poor
image quality, insufficient follow-up, or patient drop-out
during the study. Patients were given intravitreal afliber-
cept injection (IAl) in two phases over 12 months period
of time: 2 mg of |Al every 4 weeks (g4 dosing) for the
first 6 months followed by bimonthly dosing (q8 dos-
ing) for the last 6 months.2° For the stability analysis of
the texture based radiomics features in predicting ther-
apeutic response on DME patients, we excluded all the
RVO subjects (N = 15) and considered only DME sub-
jects (N = 13) from the PERMEATE study. Based on the
treatment response, eyes were categorized as optimal
responders (that maintained/improved BCVA following
the first 8-week therapeutic challenge, N = 6) and
rebounders (that showed at least one letter worsening
in BVCA following the first 8-week challenge N = 7).

VISTA was a double-masked randomized phase Il
clinical trial that investigated the efficacy and safety of
intravitreal aflibercept injection (IAl) in eyes with cen-
ter involving DME 2830317 The study was conducted in
54 sites across the United States and the principles
of Health Insurance Portability and Accountability Act,
the Declaration of Helsinki, and the International Con-
ference on Harmonization were followed. Local IRB
approval was obtained at each participating institu-
tion, and all subjects provided written informed consent
prior to study enrollment. The primary inclusion criteria
were adults with type 1 or type 2 diabetes present-
ing center-involving DME with BCVA in ETDRS letter
score between 24 and 73 letters in the study eye. Only
1 eye per subject was enrolled. This post-hoc analy-
sis included 138 subjects in the q8 dosing group that
underwent SD-OCT with the Cirrus HD-OCT device
(Zeiss, Oberkochen, Germany) or Spectralis OCT (Hei-
delberg Engineering, Heidelberg, Germany). Subjects
were treated with 2 mg IAl every 4 week (g4 dosing)
followed by 2 mg IAl every 8 week (q8 dosing) after
the loading phase of five consecutive monthly injec-
tions.Based on treatment response at week 20—24, eyes
were categorized as rebounders (N = 115) and optimal
responders (N = 23). The final cohort thus comprised of
151 DME patients (13 from PERMEATE and 138 from
VISTA).

2.2 | OCT image acquisition

SD-OCT images for each patient in the PERMEATE clin-
ical trial were captured using the Cirrus HD-OCT device.
The subjects of VISTA clinical trial underwent SD-OCT
with either the Cirrus HD-OCT device or the Spectralis
OCT.These devices generated macular cube scans with
512 x 128 A-scans covering a nominal 6 x 6 mm scan
area. Additional details regarding data preprocessing
are provided in the Supplementary Material Section I.
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2.3 | Region of interest/image
segmentation

OCTViewer (Cleveland Clinic, Cleveland, OH)? is a
machine learning (ML) based retinal layer segmentation
platform that performs semi-automated segmentation
of the internal limiting membrane (ILM), ellipsoid zone
(EZ), retinal pigment epithelium (RPE) band, intrareti-
nal fluid (IRF) and subretinal fluid (SRF) boundary
lines. Macular cube scans (512 x 128 A-scans) were
imported to OCTViewer to generate the retinal seg-
mentation lines. The software generated segmentation
lines were reviewed by two trained experts/readers and
necessary corrections were done, if required. Multi-
ple certified readers were involved in this assessment
as it was performed within a large reading center.
All readers undergo over 250 h of focused training
on advanced OCT segmentation. Senior readers have
more than 1.5 years of experience with advanced seg-
mentation in retinal diseases. Their professional role is
as an advanced image analyst for the Cole Reading
Center.

2.4 | Feature extraction

From the image /, we represented a sub-volume (of
I) corresponding to the segmentation of fluid and the
retinal tissue compartment between inner limiting mem-
brane (ILM) to retinal pigment epithelium (RPE) by
Ir and I, respectively. A total of 494 3D texture-
based radiomics features (F,.) were extracted from the
Ir and I, sub-volumes, on a MATLAB platform (ver-
sion 2021b; Mathworks, Natick, Mass). The radiomics
feature set included 65 Haralick features®? (capturing
texture heterogeneity), 152 Laws energy® (captur-
ing presence of spots, edges, waves, and ripples in
an image), 225 Gabor wavelet** (capturing structural
details at different orientations and scales) and 52
CoLIAGe®® (capturing anisotropic tensor gradient dif-
ferences across similar appearing pathologies in an
image) features on a per-voxel basis. Statistics of mean,
median, standard deviation, skewness, and kurtosis
were then calculated from the feature responses of
all voxels within the region of interest and a total of
2470 statistical features were obtained. Following fea-
ture extraction, z score feature normalization (mean of 0
and standard deviation of 1) was applied to ensure that
radiomic features extracted from different sites lie within
a comparable range of values. Redundant features
were removed by computing the Spearman correlation
coefficient (SCC) between every possible feature pair
followed by pruning the feature with a higher Wilcoxon
rank sum p-value from every feature pair with an
SCC > 0.8. This resulted in a total of 1418 uncorrelated
features. A detailed description of the texture-based

MEDICAL PHYSICS %

OCT features is provided in Supplementary material
section Il.

2.5 | Feature stability assessment

In the present study, we used the concept of PI'" to
assess feature stability. Through cross-data set com-
parisons Pl score was computed by counting the
frequency at which a feature was found to be differen-
tially expressed across the images captured by different
scanners (Supplementary material section Ill). A high
Pl score represents a feature that is frequently different
between scanners, therefore, likely to be affected by vari-
ations in OCT scanners and acquisition parameters and
was considered to be unstable, whereas a low Pl score
reflects that the corresponding feature is less likely to be
affected by the scanner-specific variation and was there-
fore more stable. In the present study, F,; within S; was
ranked based on their Pl score. Pl > 0.1 indicates that
the corresponding radiomic feature was found to be sig-
nificantly different for more than 10% of comparisons
across multiple scanners and was considered to be
highly unstable. A detailed description of the feature sta-
bility is presented in Supplementary material section .

2.6 | Feature discriminability
assessment

The discriminability criteria was based on maximizing
AUC. To assess the discriminability of features, each
feature within S; was used separately to train seven
different ML classifiers, such as k-nearest neighbors
(KNN), Random Forest (RF), Linear Discriminant Anal-
ysis (LDA), Quadratic Discriminant Analysis (QDA),
Support Vector Machine (SVM) using linear and radial
basis kernel, Naive Bayes (NB) in a 3-fold cross-
validated setting over 500 runs. The average of AUC
values yielded by each of the classifiers was considered
as the final AUC for each feature within S;. A Pl score
of 0.1 suggests that a radiomic feature associated
with the OCT sub compartment was significantly dif-
ferent between different sites for 10% of comparisons.
Therefore Pl < 0.1 is indicative of the fact that for
90% of cases the feature value is similar between the
different scanners, therefore could be considered as
stable features. On the other hand, our previous work'?
on radiomics based characterization of OCT sub com-
partments for predicting anti-VEGF therapy treatment
response distinguished between optimal responders
and rebounders of anti-VEHG therapy with minimum
AUC of 0.65 using the most discriminating features.
Therefore, in the present work features with Pl < 0.1
and AUC > 0.65 were considered to be the most stable
and highly discriminating features.
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2.7 | Statistical analysis

In the present study we performed two experiments.
In the first experiment, we developed a more general-
ized ML classifier to distinguish between the anti-VEGF
therapy treatment response groups considering the
inter-scanner variability in the present study. The final
cohort of 151 DME patients was randomly split into
the training set (S;, N = 76) that consisted of 61 opti-
mal responders and 15 rebounders and the test set
(Sy, N = 75) that comprised of 61 optimal responders
and 14 rebounders ensuring the balance in the num-
ber of optimal responders and rebounders within S;
and S,. To avoid the curse of dimensionality and the
risk of overfitting, the top nine features were selected
independently from the stable and discriminating feature
pool (within S;) using three different feature selec-
tion methods including Wilcoxon rank-sum, minimum
Redundancy maximum Relevance (nRmR), and t-test
(Detailed Description in Supplementary material section
V). The top selected features were then used to train
seven different cross-platform ML classifiers in a 3-fold
cross-validated setting involving over 1000 iterations.
Finally, the performance of the seven ML classifiers was
evaluated on S,. Among these seven classifiers, the
classifier (M) that yielded maximum AUC on S, was
considered to be the most stable and generalizable.

In the second experiment, we assessed radiomic
feature stability across /r and /.4, compartments for indi-
vidual feature families (such as Gabor, Haralick, Laws
and CoLIAGe). We evaluated feature resilience as a
function of the geographic or spatial location within the
retina from where the features were extracted.

3 | EXPERIMENTAL RESULTS

3.1 | Experiment 1: Developing robust
machine learning model to differentiate
between optimal responders and
rebounders of anti-VEGF therapy using the
most stable and discriminating features by
evaluating the effect of scanner variability

The PI-AUC plot of the 1418 features within S; for 151
patients are presented in Figure 1 where the x- and
y-axis represents Pl score and average AUC of each
feature, respectively. Separate color-coding scheme is
used to represent each feature family. Each feature is
represented by a circle, the radius of the circle being the
standard deviation of the AUC value from the average
AUC value of the seven different classifiers. The rectan-
gular box (in black) represents the set of features that
follow both the stability (Pl < 0.1) and the discriminability
criteria (AUC > 0.65). In the present study, we identified
201 features to be stable and discriminating, out of them

77 (53 Laws, seven Gabor and 17 CoLIAGe) features
were found to correspond to the fluid compartment and
124 (72 Gabor and 52 Laws) features belonged to the
retinal tissue compartment. Detailed description of the
stable and most discriminating features is presented in
Supplementary material section V. The average Pl score
for F+ and F,;, were 0.04 and 0.035, respectively.

The AUC values generated from a pair-wise combina-
tion of three feature selection methods along with seven
ML classifiers is presented in Table 1.Out of these seven
classifiers, the RF classifier yielded the highest AUC on
S, , hence this classifier was considered to be the most
stable and generalizable classifier (M,).

The “kurtosis-Laws W5E5W5” feature from the fluid
compartment was found to be the most stable and dis-
criminating feature across the PERMEATE and VISTA
datasets. The Laws W5E5W5 captures patterns of
waves in horizontal and diagonal directions and edges in
vertical using a 5 x 5 x 5 convolutional kernel. The fea-
ture map for the Laws W5E5WS5 is illustrated in Figure 2
for one case of optimal responder and one case of
rebounder. The feature value is highly expressed for the
rebounders which is reflective of higher heterogeneity
within the fluid compartment of the rebounders.

Additionally, from the 1418 features within S;, we
identified 761 features (596 fluid features and 165 reti-
nal tissue features) based on the discrimination criteria
alone. The AUC values generated by different feature
selection and classifier combination is presented in
Table 1. The classifiers built using both the stability and
discriminability criteria achieved higher AUC compared
to the classifiers built using only on the discriminability
criteria (maximum AUC of 0.9 vs. maximum AUC of 0.81
for LDA,; p-value = 0.048).

3.2 | Experiment 2: assessing feature
stability as a function of geographical
location

The PI-AUC plot for the individual feature family for F;
and F, is illustrated in Figure 3(a)—(d) and the Boxplot
of PI scores for different feature families is shown in
Figure 3(e). A total of 110 Laws, 24 CoLIAGe and 32
Gabor features within /f and 132 Laws, 82 Gabor, 11
CoLIAGe features within /,;. were found to be stable with
a Pl score < 0.1. The average Pl scores obtained for F
and F,; are 0.14 and 0.094, respectively for Gabor and
0.11 and 0.05, respectively for CoLIAGe feature family.
This reflects that both Gabor and CoLIAGe features are
more stable for /,;, compared to /. With Pl score = 0.23
for both the compartments, Laws features were found
to have intermediate stability. The average PI score for
the Haralick feature was found to be 0.65 for both /r and
1+, Haralick features were identified as among the least
stable features.
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FIGURE 1 The PI-AUC plot for 1418 features for 151 patients within the training set across PERMEATE and VISTA datasets. Each feature

is represented by a circle and each feature family is represented by a separate color. The size of each circle is the standard deviation of the
seven different classifiers used for calculating average AUC. On the X-axis is the PI value for each feature associated with the Optimal
responders across the two datasets. The average AUC value corresponding to each feature is plotted on the Y-axis. The AUC values were
averaged across 1000 iterations of three-fold cross-validation across all 151 patients from the two datasets. The rectangular black box
represents the most stable and discriminating feature pool across the two data sets. AUC, area under receiver operating characteristics curve;

PI, preparation-induced instability score.

TABLE 1 AUC values yielded by different classifier and feature selection combination in distinguishing optimal responders and rebounders
on S, (N=75).
Criteria Feature selection KNN RF QDA LDA NB SVM (linear) SVM (RBF)
Both stability-discriminability Wilcoxon 0.65 0.84 0.57 0.73 0.62 0.57 0.72
(P <0.1,AUC > 0.65) t Test 067 065 056 062 06 0.57 0.64

mRmR 0.7 0.9 0.58 0.73 0.62 0.56 0.68
Discriminability alone Wilcoxon 0.64 0.78 0.55 0.71 0.61 0.6 0.56
(AUC > 0.65) t Test 066 047 055 072 056 058 0.55

mRmR 0.69 0.81 0.56 0.69 0.64 0.61 0.64

Note: Bold value represents the highest AUC yielded based on each of the criteria.

4 | DISCUSSION

Radiomics offers extraction and quantification of high-
throughput sub-visual imaging attributes from medical
images obtained using computed tomography (CT),
positron emission tomography (PET), magnetic reso-
nance imaging (MRI) or optical coherence tomography
(OCT).36-3% Radiomics-based signatures are widely
used for developing machine learning (ML) models
for predicting treatment response and risk progression
for different retinal disorders?* There is an interest
in developing radiomics-based diagnostic and clini-
cal decision-support tools for individualized treatment
management for multiple retinal disorders. Although
radiomics hold promise in clinical applications, the main
challenge in translating radiomics signature into clinical
decision-support tool is the repeatability and repro-

ducibility of radiomics features across multiple sites and
their associated variability3°

Repeatability and reproducibility represent the extent
of variability of the measured radiomics-based fea-
ture values of a particular region of interest (ROI) for
repeated measurements and whether the feature values
are consistent and stable for the same disease subtype
across multiple sites3° Multiple sites/reading centers
use multiple scanners with different image acquisi-
tion parameters and their effect on the variability of
the extracted radiomics features needs to be investi-
gated. The effect of inter-site/inter-scanner variability
on radiomics signals are well studied in the context of
CT and MRI images.'”~2° There are certain OCT image
acquisition parameters such as axial resolution, scan-
ning rate and voxel size that influence overall image
quality and might have impact on predictive capability
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Optimal Responder
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@) (b)

FIGURE 2

©

Feature map of the most stable and discriminating Laws W5E5WS5 feature (Pl = 0.06, AUC = 0.8), for one case of optimal

responder and one case of rebounder. (a) Original SD-OCT image, (b) ROI corresponding to the fluid compartment on SD-OCT scan, (c)
Feature heatmap showing higher feature expression reflected by the warmer color tone for the rebounder.

of OCT-derived radiomics features?>-?* While identifi-
cation of reproducible radiomics signatures is critical
for developing computational imaging biomarkers, to the
best of our knowledge, to date no studies have investi-
gated the role of inter-scanner variability on predictive
capability of radiomics features extracted from spectral
domain (SD)-OCT scans or the feasibility of having a
model that generalizes across scanner devices. A few
prior studies have assessed the effect of signal strength
and image quality fluctuations on the reproducibility of
retinal nerve fiber layer thickness measurement using
time-domain OCT and SD-OCT in the peripapillary area
for glaucoma diagnosis.?’*® Yang et al *® demonstrated
the effect of image quality fluctuations on the repro-
ducibility of swept source (SS)-OCT measurement of
peripapillary retinal nerve fiber (PP-RNFL) and ganglion
cell-inner plexiform (GC-IPL) layers. However, still there
is a lack of knowledge on the degree of sensitivity of the
radiomics features to inter-scanner variability and het-
erogeneous image acquisition parameter settings that
likely to impact their predictive capability. Prior work from
our group'? investigated that the predictive capability
of radiomics features to anti-VEGF therapy treatment
response in DME patients are associated with the geo-
graphic/spatial location of the features. Particularly the
fluid features were found to be most implicated in ther-
apeutic response. In this study for the first time, we
rigorously evaluated stability of features as a function of

the spatial and geographic location within the eye from
where they were extracted.

In the present study, we performed two experi-
ments. The main objective of the first experiment was
to evaluate the role of inter-scanner variability on
radiomics features extracted from SD-OCT images,
captured by different SD-OCT scanners/devices. We
identified the most stable and discriminating texture-
based radiomics features across PERMEATE (imaged
using Cirrus device) and VISTA (imaged using Cirrus
and Spectralis) clinical trials and developed a gen-
eralized cross-platform ML model (M,) to distinguish
between the optimal responders and rebounders of anti-
VEGF therapy for diabetic macular edema (DME). The
Laws texture feature pertaining to the fluid compartment
were found to be stable as well as most discriminatory
in predicting therapeutic response. Predominant overex-
pression of Laws feature values were identified for the
rebounders which is reflective of higher order of textural
heterogeneity within fluid compartment. This supports
our previous finding where Laws texture features within
the fluid compartment were found to be most associated
with anti-VEGF therapy treatment response for DME
patients.'?

In the second experiment we evaluated feature
resilience as a function of geographic/spatial location
within the eye. Our results revealed that Haralick fea-
tures are most unstable for both the fluid and retinal
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tissue compartments. Haralick features are extracted
using higher-order derivatives and joint statistics from
OCT images. Higher-order derivatives are known to be
noisy and might be the reason for instability of this fea-
ture family3940 Laws features are intermediate stable
for both the compartments. Both Gabor and CoLIAGe
features are more stable for retinal tissue compart-
ment than the fluid compartment, however retinal tissue
features are less discriminatory than the fluid features.

We acknowledge that our study did have limitations.
The PERMEATE dataset was overall quite small and
provided increased numbers of Cirrus scans. Since vari-
ance in datasets of limited size impact the ability of clas-
sifiers to learn, the generalizability of the classifier in this
study must be investigated on larger datasets and addi-
tional validation is needed on large multi-site datasets
in order for these features to be implemented in clinal
decision support tools. A major limitation is that we did
not evaluate the impact of individual acquisition related
parameters on radiomics in this study as all acquisition
parameters were standardized across the clinical sites.
We did not analyze how the individual image acquisi-
tion parameters impacted the predictive capability of
the radiomics features. The accuracy of the segmen-
tation software was also not assessed. Since the voxel
size depends on the retinal thickness map, measured
by the segmentation software; segmentation error may
have impacted voxel size. This could in turn affect the
discriminability and reproducibility of the corresponding
radiomics features. Despite these limitations, we believe
that the findings presented in the study could allow
for developing more generalized classifiers in treat-
ment response prediction for DME patients on SD-OCT
images.

5 | CONCLUSIONS

Our findings suggest that considering the most stable
and discriminating features across multiple institu-
tions/sites, it is possible to develop radiomics model
less sensitive to inter-scanner and inter-site variation to
discriminate between the favorable optimal responders
and rebounders of anti-VEGF therapy in DME. Addi-
tionally, feature stability was found to be associated with
geographical/spatial location within eye. Retinal tissue
features were identified as most stable, however less
discriminatory.
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