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Radiomics
feature stability of open-source
software evaluated on apparent
diffusion coefficient maps in head
and neck cancer

James C. Korte, Carlos Cardenas, Nicholas Hardcastle, Tomas Kron, Jihong Wang,
Houda Bahig, Baher Elgohari, Rachel Ger, Laurence Court, Clifton D. Fuller & Sweet Ping Ng

Correction to: Scientific Reports https://doi.org/10.1038/s41598-021-96600-4, published online 03 September
2021

The original version of this Article contained an error in the order of the Figures. Figures 1, 2, 3, 4 and 5 were
published as Figures 5, 1, 2, 3, and 4 respectively.

The original Figures 1, 2, 3,4 and 5 and accompanying legends appear below.

The original Article has been corrected.
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Figure 1. Apparent diffusion coefficient (ADC) maps of a head and neck cancer patient throughout
radiotherapy from the PREDICT-HN prospective clinical trial. (a) ADC maps are displayed with (top row) the
gross tumour volume (GTV) highlighted in colour and (middle row) cropped to the GTV to focus on the region
of interest for the radiomic analysis. Change in (b) the ADC histogram within the GTV is from baseline (TP0),
weekly throughout radiotherapy (TP1-TP6) and post-radiotherapy (TP7) with the histogram colour matched to
the GTV contour colour.
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Figure 2. Linear correlation of apparent diffusion coeflicient (ADC) radiomics features between IBEX and
PyRadiomics software. Correlation matrices are grouped by feature class such as (a) intensity histogram (b)
shape (c) NGTDM (d-f) GLCM and (g) GLRLM with colour representing the Pearson correlation coefficient
(r). An ideal correlation matrix would have diagonal elements of highly correlated features (r=1.0, dark purple)
between software packages. A list of shared features between software packages is in Supplementary Tables 2-4.
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Figure 3. Summary of linear correlation of apparent diffusion coefficient (ADC) radiomic features between
PyRadiomics and (white) MaZda and (purple) IBEX software. The reproducibility threshold (red-dashed
line) is defined as greater than a Pearson correlation coeflicient of 0.901. This analysis identified a sub-

set of reproducible features between IBEX and PyRadiomics from intensity histogram (5/7), shape (4/6),

GLCM (neighbourhood 1:4/18, 4:1/18, 7:0/18)

, GLRLM (0/11) and NGTDM (1/5) categories. The sub-set

of reproducible features between MaZda and PyRadiomics is intensity histogram (5/6), shape (2/6), GLCM
(neighbourhood 1:3/10, 3:4/10, 7:2/10), GLRLM (3/7).

Scientific Reports |

(2021) 11:18908 |

https://doi.org/10.1038/s41598-021-98445-3

nature portfolio



www.nature.com/scientificreports/

(a) IHIST SHAPE GLCM_1 GLCM 4 GLCM_7 GLRLM NGTDM (b) THIST SHAPE GLCM_1 GLCM_4 GLCM_7 GLRLM

600 T 100 600

100

8

0.901

for clustering

0.965

0.901

r=

8

Number of IBEX features
for clustering

Clustering Similarity (%)
Clustering Similarity (%)

Number of MaZda features

100

04 06 04 )
Pearson coefficient threshold Pearson coefficient threshold

Figure 4. Comparison of hierarchical clustering of patients with PyRadiomics and IBEX using (a) all shared
features and (b) a sub-set of reproducible features (r > 0.901). Unsupervised hierarchical clustering generates

a (left) radiomic signature of change in apparent diffusion coefficient (ADC) features after one fraction of
radiotherapy in 36 head and neck cancer patients and (right) the resulting patient groups. Clustering with

(a) non-reproducible features creates a difference in the patient groups generated from PyRadiomics or IBEX
features. Clustering with (b) a sub-set of reproducible features leads to almost identical patient groups generated
from PyRadiomics or IBEX features.
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Figure 5. Impact of the reproducibility threshold on the number of (a) IBEX and (b) MaZda radiomics features
used for clustering and the resulting clustering similarity. The number and composition of feature types is shown
with the coloured area chart and shows a decrease in the number of features as the reproducibility threshold
increases. The (black line) clustering similarity is relatively unchanged for a threshold up till 0.85 after which
there is a general increase in accuracy for IBEX features. Two reliability thresholds are highlighted where (red
dashed line) generates patient groups in IBEX with one patient classified differently and identical patient groups
in MaZda and the (red dotted line) generates identical patient groups in both software.
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Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
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