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In interstitial lung disease associated with systemic sclerosis (SSc-ILD), the lack of valid
prognostic biomarkers hampers individualized patient management. Our study introduces
radiomics as a novel non-invasive tool to acquire phenotypic, prognostic and molecular
information derived from standard-of-care HRCT images with great potential to support
clinical decision making in SSc-ILD [1].

The reproducibility of radiomic models is significantly dependent on image acquisition and
reconstruction methodologies as well as the intra-/inter-observer variability during image
segmentation. Therefore, in 2017 Lambin et al. [2] proposed the Radiomics Quality Score
(RQS) to support the scientific community in assessing the quality and clinical value of
radiomics studies. Our study scored 16 out of 36 possible points (Table 1), which is an
excellent result compared to other studies [3—9]. In a recent systematic review on neuro-
oncology the mean RQS was 11, ranging between 3 and 12 [9]. Similarly, in the review by
Sanduleanu et al. on the correlation between tumor biology and radiomics, only 2 out of 41
studies had an RQS larger or equal to 16 [8].

The definitions of radiomic features of our in-house developed software Z-rad are - same as
other software solutions such as pyradiomics - based on the image biomarker
standardization initiative (IBSI) and therefore follow state-of-the-art standards [10]. Image
pre-processing before extracting radiomics features has been performed as described in van
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Timmeren et al., including interpolation to isotropic voxels and discretization of intensities.
CT images have the advantage that intensity values are standardized; therefore, image
normalization is not needed and might even lead to loss of information [11].

In the present study, we first filtered out not associated features (Cox regression) followed by
LASSO to select our final features out of a set of correlated features.

We, however, agree with Zhang et al. that filtering out highly correlated features, e.g. with a
Spearman’s correlation coefficient of 0.9, followed by association analysis (i.e. Cox
regression) or penalized regression (e.g. LASSO), makes an attractive, alternative approach.

As stated by Zhang et al., understanding the biological underpinnings of radiomic features
and prediction models is key to enabling the application of radiomics in clinical routine [12].
Given the scarce availability of matched imaging data and tissue biosamples in SSc-ILD, we
conducted in the present study a cross-species approach using the well-characterized
bleomycin-induced lung fibrosis mouse model to define the biological basis of qRISSc.
Bleomycin is the most commonly used agent to replicate interstitial lung disease in vivo as it
recapitulates major hallmarks of the human disease such as remodeling of the pulmonary
architecture, fibroblast and macrophage activation and increased deposition of extracellular
matrix proteins [13—15].

Using a combination of multiple and complementary experimental techniques, including
unbiased whole-tissue proteomic profiling and validation by gene expression profiling and
immunostainings of established pathophysiologically relevant fibrotic and inflammatory
markers, we found that gqRISSc was associated with the fibrotic remodeling yet not
inflammatory processes in experimental ILD.

To model different disease stages and address the molecular heterogeneity of human ILD,
we incorporated and pooled imaging and molecular data from different time points after
bleomycin instillation, thereby covering inflammatory (day 3/7), fibrotic (dayl14/21) and
remodeling phases (day28/35) of experimental ILD. We decided against using different
bleomycin dosages since the effects on pulmonary fibrosis are often incremental /
insignificant except when using dosages that lead to unacceptably high morbidity and
mortality rates [16]. Additionally, arguing for an even more heterogeneous animal model
implicitly means a (further) increase in animal numbers to reach statistical significance.
Since the ultimate aim is not to prove that radiomic prediction modelling works in mice, with
respect to animal welfare, such an approach seems not advisable.

In the future, further validation of our molecular correlation analysis in human tissue
biosamples is warranted, which, however, is complicated by the limited access to lung
biopsies in SSc-ILD.

The fact, however, that in SSc-ILD, a high qRISSc score was associated with progressive as
opposed to stable lung disease as assessed by HRCT and lung function tests supports the
potential merit of future radiomics research in SSc-ILD and other types of fibrosing ILDs.
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Table 1. Radiomics Quality Score Assessment of the present study [1].

Criteria

Points possible

Points achieved

Image protocol quality - well-documented
image protocols (for example, contrast, slice
1 | thickness, energy, etc.) and/or usage of public
image protocols allow
reproducibility/replicability

+ 1 (if protocols are
well-documented) +
1 (if public protocol
is used)

Multiple segmentations - possible actions are:
segmentation by different
physicians/algorithms/software, perturbing
segmentations by (random) noise, segmentation
at different breathing cycles. Analyse feature
robustness to segmentation variabilities

+1

Phantom study on all scanners - detect inter-
scanner differences and vendor-dependent
features. Analyse feature robustness to these
sources of variability

+1

Imaging at multiple time points - collect images
of individuals at additional time points. Analyse
4 | feature robustness to temporal variabilities (for
example, organ movement, organ
expansion/shrinkage)

+1

Feature reduction or adjustment for multiple
testing - decreases the risk of overfitting.
Overfitting is inevitable if the number of
features exceeds the number of samples.
Consider feature robustness when selecting
features

- 3 (if neither
measure is
implemented) + 3 (if
either measure is
implemented)

Multivariable analysis with non radiomics
features (for example, EGFR mutation) - is
6 | expected to provide a more holistic model.
Permits correlating/inferencing between
radiomics and non radiomics features

+1

Detect and discuss biological correlates -
demonstration of phenotypic differences

7 | (possibly associated with underlying gene—
protein expression patterns) deepens
understanding of radiomics and biology

+1

Cut-off analyses - determine risk groups by
either the median, a previously published cut-
off or report a continuous risk variable. Reduces
the risk of reporting overly optimistic results

+1

Discrimination statistics - report discrimination
statistics (for example, C-statistic, ROC curve,
AUC) and their statistical significance (for
example, p-values, confidence intervals). One
can also apply resampling method (for example,
bootstrapping, cross-validation)

+1 (ifa
discrimination
statistic and its
statistical
significance are
reported) + 1 (ifa
resampling method




technique is also
applied)

Calibration statistics - report calibration
statistics (for example, Calibration-in-the-
large/slope, calibration plots) and their

+1 (if a calibation
statistic and its
statistical
significance are

10 | statistical significance (for example, P-values, .
. ) reported) + 1 (ifa
confidence intervals). One can also apply .

. resampling method
resampling method (for example, . !
bootstrapping, cross-validation) technique s also

PPINg, applied)

. . . . + 7 (for prospective
Prospective study registered in a trial database - .( . prosp

) . . validation of a
provides the highest level of evidence L
11 . .. . radiomics signature
supporting the clinical validity and usefulness of | . .
R in an appropriate
the radiomics biomarker .
trial)
- 5 (if validation is
missing) + 2 (if
validation is based
on a dataset from
the same institute) +
3 (if validation is
based on a dataset
from another
institute) + 4 (if
validation is based
I e . on two datasets
Validation - the validation is performed without .
. . . from two distinct
retraining and without adaptation of the cut-off | . . .
12 . . . . institutes) + 4 (if the
value, provides crucial information with regard .
. . study validates a
to credible clinical performance . .
previously published
signature) + 5 (if
validation is based
on three or more
datasets from
distinct institutes)
*Datasets should be
of comparable size
and should have at
least 10 events per
model feature
Comparison to 'gold standard' - assess the
extent to which the model agrees with/is
13 superior to the current 'gold standard' method +2
(for example, TNM-staging for survival
prediction). This comparison shows the added
value of radiomics
Potential clinical utility - report on the current
14 and potential application of the model in a +2
clinical setting (for example, decision curve
analysis)
15 | Cost-effectiveness analysis - report on the cost- | +1




effectiveness of the clinical application (for
example, QALYs generated)

16

Open science and data - make code and data
publicly available. Open science facilitates
knowledge transfer and reproducibility of the
study

+1 (if scans are
open source) + 1 (if
region of interest
segmentations are
open source) + 1 (if
code is open source)
+ 1 (if radiomics
features are
calculated on a set
of representative
ROIs and the
calculated features
and representative
ROls are open
source)

Total points possible (36 = 100%)

Total points
(16/36 = 44%)




