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FIG. S1. Example masks for (a) T1W pre-contrast, (b) qT1 map, and (c) T1W pre-contrast subset. Note
that (a) and (b) were generated based on the same ROI (defined on a T1W pre-contrast image), while (c) was
generated by upsampling (b), to allow for a direct comparison (in terms of masks applied) between qT1 maps and
the T1W pre-contrast subset.

Choice of ICC

In order to assess whether there was a time effect or systematic difference between scans, ICC(1,1) and ICC(1,2) [1]
were statistically compared (these are equivalent to ICC(1) and ICC(A,1) as defined in [2]). This was performed by
fitting mixed effects models without and with a random effect for visit (where visits 1 and 2 refer to a subject’s first
and second scan), using the lme4 package in R [3, 4], to Box-Cox transformed features. The simpler model without
a random effect for visit was favoured in all cases when comparing model fits; this, along with the observation that
ICCs from both models were very similar (maximum absolute difference of 0.06), lead to the use of ICC(1,1) in all
cases for consistency. Point estimates and 95% confidence intervals (CIs) were calculated as described by McGraw
and Wong [5]; these analytically calculated CIs were compared with those from 1000 bootstraps calculated using
rptR [6], with very good agreement between the two (maximum absolute difference in lower and upper limits of
0.02 and 0.007, respectively). Mixed effects models in rptR were also used to investigate the effect of accounting
for the fact that patients have different numbers of lesions, by specifying models where lesions were nested within
patients. ICCs calculated from these nested models generally showed negligible difference (maximum absolute
difference of 0.008) from those calculated without nesting, that is, when treating all lesions as independent; as
such, all subsequent analyses used ICC(1,1), which assumes all lesions are independent.
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(a) (b)

(c) (d)

FIG. S2. (a) Histograms for each feature from T1W pre-contrast images, pooling feature values from both visits
for all subjects. The majority of features have non-normal distributions, based on the Shapiro-Wilk test. Features
which have distributions consistent with a normal distribution are indicated with the p-value for the test, which
is greater than the Bonferroni-corrected threshold (p > 0.05/105). (b) Box-Cox normality plots for each feature
distribution in (a). Red vertical lines indicate the optimal λ to use to transform the distribution; empty panels
correspond to the features whose original distributions were consistent with a normal distribution and therefore
do not require a transform. (c) Histograms for each transformed feature from T1W pre-contrast images, pooling
feature values from both visits for all subjects. Distributions come from applying optimal λ parameters shown in
(b) to the original feature distributions shown in (a), for features whose original distribution were non-normal.
Features whose original distributions were consistent with a normal distribution did not undergo transformation.
Features whose transformed distributions are not consistent with a normal distribution are indicated with a blue
asterisk. (d) Q-Q plots for each feature distribution in (c)).
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(a) (b)
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FIG. S3. As Figure S2 but for T2W pre-contrast images.
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(a) (b)
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FIG. S4. As Figure S2 but for pre-contrast qT1 maps.
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(a) (b)
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FIG. S5. As Figure S2 but for T1W post-contrast images.
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qT1 map pre-contrast (n = 39, l = 65)

T1W post-contrast (n = 39, l = 65)

FIG. S6. Effect of applying Box-Cox transforms to feature distributions, for qT1 map pre-contrast (top) and
T1W post-contrast (bottom) images. Bars represent the difference in ICC point estimates (after applying Fisher’s
Z-transform), and error bars represent 95% CIs. Features are colour coded according to their class. Black stars
and bold fonts indicate features where ICCs from original and Box-Cox transformed data are significantly different.

Repeatability coefficients

Figures S7-S14 below show Bland-Altman plots for all features and all datasets, with RC values and CIs indicated
in each panel. Figures S15-S20 show RC values plotted against ICC values for each non-Shape feature class, for
normalised datasets. The subset of features in each class correspond to those for which Box-Cox transformations
were consistently applied across the four sequences (see Repeatability analysis and statistical comparison in the
main text).

6



0.3 0.2 0.1

0.1

0.0

0.1

0.2 0.11 (0.097, 0.12)
shape_Elongation

0.5 0.4 0.3 0.2 0.1

0.2

0.1

0.0

0.1

0.2 0.12 (0.11, 0.14)
shape_Flatness

2.0 2.5 3.0

0.2

0.1

0.0

0.1

0.2

0.3
0.099 (0.088, 0.11)

shape_LeastAxisLength

1.4 1.6 1.8
0.05

0.00

0.05

0.10

0.15

0.20

0.25 0.045 (0.040, 0.051)
shape_MajorAxisLength

1.6 1.8 2.0 2.2
0.050

0.025

0.000

0.025

0.050

0.075

0.100
0.036 (0.032, 0.040)

shape_Maximum2DDiameterColumn

1.75 2.00 2.25 2.50 2.75

0.05

0.00

0.05

0.10

0.15 0.066 (0.059, 0.075)
shape_Maximum2DDiameterRow

1.75 2.00 2.25 2.50
0.10

0.05

0.00

0.05

0.10

0.15

0.20 0.054 (0.049, 0.062)
shape_Maximum2DDiameterSlice

1.6 1.8 2.0

0.00

0.05

0.10

0.15

0.20

0.25 0.042 (0.038, 0.048)
shape_Maximum3DDiameter

5 6 7

0.2

0.0

0.2

0.4 0.13 (0.12, 0.15)
shape_MeshVolume

1.75 2.00 2.25 2.50
0.10

0.05

0.00

0.05

0.10

0.15

0.20 0.057 (0.051, 0.065)
shape_MinorAxisLength

0.6 0.7 0.8 0.9

0.2

0.1

0.0

0.1

0.2 0.11 (0.10, 0.13)
shape_Sphericity

4.0 4.5 5.0 5.5
0.1

0.0

0.1

0.2

0.3
0.075 (0.067, 0.085)

shape_SurfaceArea

2.0 1.5 1.0 0.5

0.2

0.0

0.2

0.4

0.6

0.8
0.17 (0.15, 0.19)

shape_SurfaceVolumeRatio

5 6 7

0.2

0.0

0.2

0.4 0.12 (0.11, 0.14)
shape_VoxelVolume

8 10 12 14 16

1

0

1

2 1.2 (1.1, 1.4)
firstorder_10Percentile

3.00 3.25 3.50 3.75 4.00

0.10

0.05

0.00

0.05

0.10

0.15

0.20
0.085 (0.076, 0.096)

firstorder_90Percentile

8 9

0.1

0.0

0.1

0.2

0.3 0.11 (0.094, 0.12)
firstorder_Energy

4 5 6

0.50

0.25

0.00

0.25

0.50

0.75

1.00 0.40 (0.35, 0.45)
firstorder_Entropy

1.6 1.8 2.0

0.050

0.025

0.000

0.025

0.050

0.075

0.100 0.047 (0.042, 0.053)
firstorder_InterquartileRange

0.35 0.40 0.45

0.02

0.00

0.02

0.04
0.022 (0.020, 0.025)

firstorder_Kurtosis

1.4 1.5 1.6 1.7
0.015

0.010

0.005

0.000

0.005

0.010

0.015

0.020
8.8e-3 (7.9e-3, 0.010)

firstorder_Maximum

1.6 1.8 2.0 2.2
0.10

0.05

0.00

0.05

0.10

0.15 0.072 (0.064, 0.082)
firstorder_MeanAbsoluteDeviation

5 6 7
0.4

0.2

0.0

0.2

0.4

0.6 0.34 (0.30, 0.39)
firstorder_Mean

6 7 8

0.4
0.2
0.0
0.2
0.4
0.6
0.8 0.41 (0.36, 0.46)

firstorder_Median

0 20 40

10

0

10

20
9.3 (8.3, 11)

firstorder_Minimum

1.8 2.0 2.2
0.06

0.04

0.02

0.00

0.02

0.04

0.06

0.08
0.040 (0.036, 0.046)

firstorder_Range

1.4 1.6 1.8 2.0
0.10

0.05

0.00

0.05

0.10

0.15

0.20

0.076 (0.068, 0.086)
firstorder_RobustMeanAbsoluteDeviation

4.5 5.0 5.5 6.0 6.5

0.2

0.0

0.2

0.4

0.6
0.26 (0.23, 0.30)

firstorder_RootMeanSquared

0.5 0.0 0.5 1.0

2.0

1.5

1.0

0.5

0.0

0.5

1.0
0.71 (0.64, 0.81)

firstorder_Skewness

7.5 8.0 8.5 9.0

0.05

0.00

0.05

0.10

0.15

0.20 0.070 (0.062, 0.079)
firstorder_TotalEnergy

2.4 2.2 2.0 1.8
0.2

0.1

0.0

0.1

0.2
0.11 (0.096, 0.12)

firstorder_Uniformity

3.5 4.0 4.5
0.2

0.1

0.0

0.1

0.2

0.3 0.15 (0.13, 0.17)
firstorder_Variance

3.0 3.5 4.0 4.5

0.2

0.0

0.2

0.4
0.24 (0.21, 0.27)

glcm_Autocorrelation

1.6 1.8 2.0 2.2 2.4

0.1

0.0

0.1

0.2
0.12 (0.11, 0.13)

glcm_JointAverage

6 7 8
1.0

0.5

0.0

0.5

1.0 0.48 (0.43, 0.55)
glcm_ClusterProminence

50 75 100 125 150

125
100

75
50
25

0
25
50

28 (25, 32)
glcm_ClusterShade

2.5 3.0 3.5 4.0

0.2

0.0

0.2

0.4

0.6

0.24 (0.21, 0.27)
glcm_ClusterTendency

2.0 2.2 2.4 2.6

0.2

0.1

0.0

0.1

0.2

0.3 0.14 (0.12, 0.16)
glcm_Contrast

0.2 0.4 0.6 0.8
0.3

0.2

0.1

0.0

0.1

0.2

0.3
0.18 (0.16, 0.20)

glcm_Correlation

0.9 1.0 1.1 1.2

0.10

0.05

0.00

0.05

0.10

0.15 0.073 (0.065, 0.083)
glcm_DifferenceAverage

3.5 4.0 4.5 5.0

0.50

0.25

0.00

0.25

0.50

0.75

1.00
0.39 (0.35, 0.44)

glcm_DifferenceEntropy

2.0 2.5
0.4

0.2

0.0

0.2

0.4

0.6
0.25 (0.22, 0.28)

glcm_DifferenceVariance

20 15 10

4

2

0

2

4

6 2.6 (2.3, 2.9)
glcm_JointEnergy

8 10 12

1.5

1.0

0.5

0.0

0.5

1.0

1.5 0.69 (0.62, 0.78)
glcm_JointEntropy

0.250 0.225 0.200 0.175

0.02

0.01

0.00

0.01

0.02 8.7e-3 (7.8e-3, 9.9e-3)
glcm_Imc1

0.4 0.3 0.2 0.1 0.0

0.15

0.10

0.05

0.00

0.05

0.10

0.15 0.074 (0.066, 0.084)
glcm_Imc2

0.10 0.15 0.20
0.06

0.04

0.02

0.00

0.02

0.04

0.06

0.08
0.037 (0.033, 0.042)

glcm_Idm

0.03 0.02 0.01
0.015
0.010
0.005
0.000
0.005
0.010
0.015
0.020 0.010 (9.2e-3, 0.012)

glcm_Idmn

0.15 0.20 0.25 0.30
0.075

0.050

0.025

0.000

0.025

0.050

0.075 0.043 (0.038, 0.048)
glcm_Id

0.8 0.9 1.0
0.06

0.04

0.02

0.00

0.02

0.04

0.06

0.08
0.037 (0.033, 0.042)

glcm_Idn

0.10 0.15 0.20

0.050

0.025

0.000

0.025

0.050

0.075 0.038 (0.034, 0.043)
glcm_InverseVariance

14 12 10 8 6

2

1

0

1

2

3 1.5 (1.3, 1.7)
glcm_MaximumProbability

4 5 6 7

0.50

0.25

0.00

0.25

0.50

0.75

1.00
0.41 (0.37, 0.47)

glcm_SumEntropy

2.0 2.5 3.0

0.2

0.0

0.2

0.4

0.6
0.23 (0.20, 0.26)

glcm_SumSquares

2 3 4 5

0.50

0.25

0.00

0.25

0.50

0.75

1.00 0.29 (0.26, 0.33)
glrlm_GrayLevelNonUniformity

2.4 2.2 2.0 1.8
0.2

0.1

0.0

0.1

0.2 0.11 (0.097, 0.12)
glrlm_GrayLevelNonUniformityNormalized

2.0 2.5 3.0 3.5

0.2

0.0

0.2

0.4

0.6 0.27 (0.24, 0.31)
glrlm_GrayLevelVariance

3.0 3.5 4.0 4.5

0.2

0.1

0.0

0.1

0.2

0.3

0.4 0.20 (0.18, 0.23)
glrlm_HighGrayLevelRunEmphasis

1.0 1.1 1.2 1.3
0.06

0.04

0.02

0.00

0.02

0.04

0.06

0.08
0.042 (0.037, 0.047)

glrlm_LongRunEmphasis

3.0 3.5 4.0 4.5

0.2

0.1

0.0

0.1

0.2

0.3

0.4 0.19 (0.17, 0.22)
glrlm_LongRunHighGrayLevelEmphasis

8 6 4

1.5

1.0

0.5

0.0

0.5

1.0

1.5
0.95 (0.85, 1.1)

glrlm_LongRunLowGrayLevelEmphasis

8 6 4

1.5

1.0

0.5

0.0

0.5

1.0

1.5
0.94 (0.84, 1.1)
glrlm_LowGrayLevelRunEmphasis

4 5 6
0.6
0.4
0.2
0.0
0.2
0.4
0.6
0.8 0.35 (0.31, 0.40)

glrlm_RunEntropy

4 5 6
0.4

0.2

0.0

0.2

0.4

0.6 0.17 (0.15, 0.19)
glrlm_RunLengthNonUniformity

0.8 0.9 1.0
0.03
0.02
0.01
0.00
0.01
0.02
0.03
0.04 0.022 (0.020, 0.025)

glrlm_RunLengthNonUniformityNormalized

0.85 0.90 0.95 1.00 1.05

0.01

0.00

0.01

0.02 0.012 (0.011, 0.014)
glrlm_RunPercentage

0.02 0.04 0.06 0.08
0.02

0.01

0.00

0.01

0.02

0.03
0.015 (0.013, 0.017)

glrlm_RunVariance

0.90 0.95 1.00 1.05

0.010

0.005

0.000

0.005

0.010

0.015 9.0e-3 (8.0e-3, 0.010)
glrlm_ShortRunEmphasis

3.0 3.5 4.0 4.5

0.2

0.1

0.0

0.1

0.2

0.3

0.4 0.20 (0.18, 0.23)
glrlm_ShortRunHighGrayLevelEmphasis

8 6 4

1.5

1.0

0.5

0.0

0.5

1.0

1.5
0.94 (0.84, 1.1)

glrlm_ShortRunLowGrayLevelEmphasis

2 3 4
0.50

0.25

0.00

0.25

0.50

0.75

1.00 0.23 (0.21, 0.26)
glszm_GrayLevelNonUniformity

3.5 3.0 2.5

0.2

0.0

0.2

0.4 0.20 (0.18, 0.23)
glszm_GrayLevelNonUniformityNormalized

2.5 3.0 3.5 4.0

0.4

0.2

0.0

0.2

0.4

0.6 0.30 (0.27, 0.35)
glszm_GrayLevelVariance

3.5 4.0 4.5 5.0

0.2

0.0

0.2

0.4 0.22 (0.20, 0.25)
glszm_HighGrayLevelZoneEmphasis

0.5 1.0 1.5 2.0

0.4

0.2

0.0

0.2

0.4

0.6
0.33 (0.29, 0.37)

glszm_LargeAreaEmphasis

3.5 4.0 4.5
0.2

0.1

0.0

0.1

0.2

0.3 0.14 (0.13, 0.16)
glszm_LargeAreaHighGrayLevelEmphasis

6 5 4 3

1

0

1

2 1.0 (0.90, 1.1)
glszm_LargeAreaLowGrayLevelEmphasis

7 6 5 4
1.5

1.0

0.5

0.0

0.5

1.0 0.82 (0.73, 0.93)
glszm_LowGrayLevelZoneEmphasis

3 4 5
0.4

0.2

0.0

0.2

0.4

0.6 0.21 (0.18, 0.23)
glszm_SizeZoneNonUniformity

2.0 1.5 1.0 0.5
0.75

0.50

0.25

0.00

0.25

0.50

0.75

1.00
0.47 (0.42, 0.54)

glszm_SizeZoneNonUniformityNormalized

0.8 0.6 0.4 0.2
0.3

0.2

0.1

0.0

0.1

0.2

0.3

0.4
0.19 (0.17, 0.21)

glszm_SmallAreaEmphasis

3.5 4.0 4.5 5.0

0.2

0.0

0.2

0.4

0.6
0.26 (0.23, 0.29)

glszm_SmallAreaHighGrayLevelEmphasis

7 6 5 4

1.0

0.5

0.0

0.5

1.0 0.79 (0.70, 0.89)
glszm_SmallAreaLowGrayLevelEmphasis

5 6 7 8

0.4

0.2

0.0

0.2

0.4

0.6 0.26 (0.23, 0.30)
glszm_ZoneEntropy

0.4 0.6 0.8

0.10

0.05

0.00

0.05

0.10

0.15

0.20 0.10 (0.091, 0.12)
glszm_ZonePercentage

1 0 1 2 3

1

0

1

2 1.0 (0.89, 1.1)
glszm_ZoneVariance

6 7 8

0.4

0.2

0.0

0.2

0.4

0.6
0.27 (0.24, 0.31)

gldm_DependenceEntropy

3 4 5

0.2

0.0

0.2

0.4

0.6 0.18 (0.16, 0.20)
gldm_DependenceNonUniformity

3 2 1

0.5

0.0

0.5

1.0 0.65 (0.58, 0.74)
gldm_DependenceNonUniformityNormalized

0.5 1.0 1.5 2.0

0.50

0.25

0.00

0.25

0.50

0.75 0.48 (0.43, 0.54)
gldm_DependenceVariance

2 3 4 5

0.50
0.25
0.00
0.25
0.50
0.75
1.00 0.30 (0.27, 0.34)

gldm_GrayLevelNonUniformity

2.0 2.5 3.0 3.5

0.2

0.0

0.2

0.4

0.6 0.27 (0.24, 0.31)
gldm_GrayLevelVariance

3.0 3.5 4.0 4.5

0.2

0.1

0.0

0.1

0.2

0.3

0.4 0.20 (0.18, 0.23)
gldm_HighGrayLevelEmphasis

2 4 6 8

2

1

0

1

2

3 1.7 (1.5, 1.9)
gldm_LargeDependenceEmphasis

4.0 4.5 5.0

0.2

0.1

0.0

0.1

0.2

0.3

0.4
0.15 (0.14, 0.17)

gldm_LargeDependenceHighGrayLevelEmphasis

6 4 2
2

1

0

1

2
1.1 (0.98, 1.2)

gldm_LargeDependenceLowGrayLevelEmphasis

8 6 4

1.5

1.0

0.5

0.0

0.5

1.0

1.5
0.95 (0.85, 1.1)

gldm_LowGrayLevelEmphasis

0.4 0.6 0.8

0.10

0.05

0.00

0.05

0.10

0.15

0.20 0.10 (0.089, 0.11)
gldm_SmallDependenceEmphasis

3.0 3.5 4.0 4.5

0.2

0.0

0.2

0.4

0.6
0.26 (0.23, 0.29)

gldm_SmallDependenceHighGrayLevelEmphasis

8 7 6 5 4
1.5

1.0

0.5

0.0

0.5

1.0

1.5
0.86 (0.77, 0.98)

gldm_SmallDependenceLowGrayLevelEmphasis

4 2 0

1.0

0.5

0.0

0.5

1.0

1.5

0.88 (0.79, 1.0)
ngtdm_Busyness

5 4 3

0.4

0.2

0.0

0.2

0.4

0.6 0.20 (0.18, 0.22)
ngtdm_Coarseness

5 6 7 8

0.5

0.0

0.5

1.0 0.52 (0.47, 0.60)
ngtdm_Complexity

2 1 0

0.50

0.25

0.00

0.25

0.50

0.75

1.00 0.39 (0.35, 0.44)
ngtdm_Contrast

0 2 4

2

1

0

1

2
1.1 (0.97, 1.2)

ngtdm_Strength

FIG. S7. Bland-Altman plots for T1W pre-contrast images. For each feature, the difference between visits (visit
2 − visit 1) is plotted against the mean of the two visits. Red and black dashed lines indicate the mean difference
and 95% limits of agreement, respectively. In each panel, the feature’s RC and CIs are quoted.
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FIG. S8. Bland-Altman plots for normalised T1W pre-contrast images. For each feature, the difference between
visits (visit 2 − visit 1) is plotted against the mean of the two visits. Red and black dashed lines indicate the
mean difference and 95% limits of agreement, respectively. In each panel, the feature’s RC and CIs are quoted.
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FIG. S9. Bland-Altman plots for T2W pre-contrast images. For each feature, the difference between visits (visit
2 − visit 1) is plotted against the mean of the two visits. Red and black dashed lines indicate the mean difference
and 95% limits of agreement, respectively. In each panel, the feature’s RC and CIs are quoted.
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FIG. S10. Bland-Altman plots for normalised T2W pre-contrast images. For each feature, the difference between
visits (visit 2 − visit 1) is plotted against the mean of the two visits. Red and black dashed lines indicate the
mean difference and 95% limits of agreement, respectively. In each panel, the feature’s RC and CIs are quoted.
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FIG. S11. Bland-Altman plots for qT1 pre-contrast images. For each feature, the difference between visits (visit
2 − visit 1) is plotted against the mean of the two visits. Red and black dashed lines indicate the mean difference
and 95% limits of agreement, respectively. In each panel, the feature’s RC and CIs are quoted.
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FIG. S12. Bland-Altman plots for normalised qT1 pre-contrast images. For each feature, the difference between
visits (visit 2 − visit 1) is plotted against the mean of the two visits. Red and black dashed lines indicate the
mean difference and 95% limits of agreement, respectively. In each panel, the feature’s RC and CIs are quoted.
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FIG. S13. Bland-Altman plots for T1W post-contrast images. For each feature, the difference between visits (visit
2 − visit 1) is plotted against the mean of the two visits. Red and black dashed lines indicate the mean difference
and 95% limits of agreement, respectively. In each panel, the feature’s RC and CIs are quoted.
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FIG. S14. Bland-Altman plots for normalised T1W post-contrast images. For each feature, the difference between
visits (visit 2 − visit 1) is plotted against the mean of the two visits. Red and black dashed lines indicate the
mean difference and 95% limits of agreement, respectively. In each panel, the feature’s RC and CIs are quoted.
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FIG. S15. RC plotted against ICC (point estimates and 95% CIs) for the four sequences (colours), for the subset
of First Order features where Box-Cox transformations were consistently applied across the four sequences.

FIG. S16. RC plotted against ICC (point estimates and 95% CIs) for the four sequences (colours), for the subset
of GLCM features where Box-Cox transformations were consistently applied across the four sequences.
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FIG. S17. RC plotted against ICC (point estimates and 95% CIs) for the four sequences (colours), for the subset
of GLRLM features where Box-Cox transformations were consistently applied across the four sequences.

FIG. S18. RC plotted against ICC (point estimates and 95% CIs) for the four sequences (colours), for the subset
of GLSZM features where Box-Cox transformations were consistently applied across the four sequences.
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FIG. S19. RC plotted against ICC (point estimates and 95% CIs) for the four sequences (colours), for the subset
of GLDM features where Box-Cox transformations were consistently applied across the four sequences.

FIG. S20. RC plotted against ICC (point estimates and 95% CIs) for the four sequences (colours), for the subset
of NGTDM features where Box-Cox transformations were consistently applied across the four sequences.
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