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A B S T R A C T

Objectives: To study the ratio between the CT texture of colorectal liver metastases (CRLM) and the surrounding
liver parenchyma and assess the potential of various texture measures and ratios as predictive/prognostic
imaging markers.
Materials: Seventy patients with colorectal cancer and synchronous CRLM were included. All visible metastases,
as well as the whole-volume of the surrounding liver, were separately delineated on the portal venous phase
primary staging CT. Texture features entropy (E) and uniformity (U) were extracted and ratios between the
texture features (T) of the metastases and background liver (Tmetastases/Tliver) calculated. Texture features were
compared with clinical outcome parameters: [1] extent of disease (i.e. number of metastases), [2] response to
chemotherapy (in 56/70 patients who underwent chemotherapy and CT for response evaluation), and [3]
overall survival.
Results: The Emetastases/Eliver ratio was lower in patients with limited disease (P=0.02) and associated with
overall survival, albeit not statistically significant when tested in multivariable analyses (HR 1.90; P=0.07);
Umetastases/Uliver was higher in patients with limited disease (P=0.02). Emetastases showed a trend towards a
higher value in patients that responded well to chemotherapy (P=0.08).
Conclusion: The ratio between the texture of liver metastases and the surrounding liver appears to reflect re-
levant changes in tissue microarchitecture and may be of value to assess the extent of disease and help predict
overall survival.

1. Introduction

Colorectal cancer is one of the most common cancers worldwide
[1]. Approximately 15–25% of all patients have colorectal liver me-
tastases (CRLM) at the time of diagnosis [2–4]. These synchronous
CRLM patients tend to have a poor prognosis with a reported 1-year
survival of less than 30% and a 5-year survival of less than 5% when
untreated, with 5-year survival rates of up to 60% in selected groups
that can undergo curative surgical resection [3].

Imaging plays a crucial role in the diagnosis and follow-up of CRLM.

In many institutions, contrast-enhanced CT remains the primary mod-
ality for the staging of patients with colorectal cancer [5], although MRI
is increasingly applied because of its superiority in detecting small liver
metastases [6]. To date, the mainstay of imaging assessment consists of
a visual assessment of lesions and changes in size and morphology as a
result of the response to therapy. The most widely adopted method to
evaluate treatment response is Response Evaluation Criteria in Solid
Tumours (RECIST), which provides standardised measures of response
in terms of lesion size [7]. Although commonly used in clinical trials
and daily practice, RECIST is known to have significant limitations as
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size measurements fail to capture (micro-)structural changes related to
for example intralesional perfusional or necrotic changes, which are
known to be significant factors associated with therapeutic response
[7–9].

Therefore, there is nowadays a growing interest in the use of
quantitative imaging and image postprocessing techniques to gain a
more profound insight into the tumour biology. One of such techniques
is texture analysis, which is a mathematical approach that uses an al-
gorithm to quantify tissue heterogeneity by assessing the distribution of
coarseness and irregularity of pixel intensities within a volume of in-
terest (VOI) derived from a lesion or organ on an image [10]. In pa-
tients with CRLM, texture analysis has been studied using both CT and
MRI data, although most evidence so far exists for CT. So far, two main
settings have been explored: one group of studies focused on the in-
tralesional texture of the liver metastases itself, which was found to
significantly correlate with the response to chemotherapy, as well as
with survival [11–14]. Other studies focused not on the texture of the
metastases, but on that of the surrounding apparently disease free liver
parenchyma and showed that diffuse parenchymal textural changes
may hold promise as a prognostic marker to assess and even predict the
occurrence of metastatic disease in the liver [15,16]. Although the
texture of both liver metastases and surrounding liver have been stu-
died, to our knowledge there have been no reports so far studying the
relation between the two. This would be worthwhile to study as it may
potentially provide valuable insights into the relation between texture
findings and underlying tumour behaviour.

The aim of our study is twofold: first, we aim to explore the relation
between the CT texture of CRLM and the surrounding liver parenchyma
and assess if the ratio between the two may be of added value as a
predictive or prognostic imaging marker. Second, we want to in-
vestigate whether we can confirm results of previous studies that CT
texture analysis has a potential value as a biomarker of disease ag-
gressiveness, response and survival in patients with CRLM.

2. Materials and methods

2.1. Patients

Eighty-three consecutive patients with CRLM treated at [Maastricht
University Medical Center] between April 2008 and December 2013
were considered for inclusion in this retrospective study. The study was
approved by the institutional ethical review board; due to the retro-
spective nature, informed consent was not required. Inclusion criteria
were as follows: (a) histopathologically confirmed primary (non-re-
current) colorectal adenocarcinoma; (b) availability of a primary sta-
ging CT including (at least) a portal venous phase (PVP); (c) presence of
at least one synchronous CRLM at the time of diagnosis and staging; (d)
no previous liver surgery; (e) no previous chemotherapy and (f) no
clinical or imaging evidence of diffuse liver diseases such as steatosis or
cirrhosis. Thirteen patients were excluded because of the presence of
concomitant second malignancies at the time of diagnosis (n= 3), in-
adequate CT contrast timing (n=3), and the presence of diffuse he-
patic metastases, leaving too little ‘normal’ liver parenchyma to de-
lineate (n= 7). This left a total study population of 70 patients (50
male/20 female, median age 69, range 39–85) for inclusion; see consort
diagram in Fig. 1. Part of the study patients (29/70) were included in a
previously published multicentre study cohort, which focussed on
whole liver texture analysis to predict metachronous CRLM and
therefore does not overlap with the aims of the current study [15].

2.2. CT acquisition

All CT scans were acquired using multi-slice CT equipment (Philips
Brilliance 64, Philips Medical Systems, Best, The Netherlands; Siemens
Somatom Sensation 16 or Somatom Definition Flash, Siemens
Healthcare, Erlangen, Germany). PVP images of the liver/abdomen

were obtained with a tube voltage of 100–120 kVp. The contrast
medium (Ultravist 300mgI/ml; Iopromide, Bayer Healthcare, Berlin,
Germany) was prewarmed to 37 °C (99°F) and administered in-
travenously as a bolus injection of 110ml at a rate of 3.5 ml/s, followed
by a saline flush of 40ml. The scan delay for the PVP was set at 70 s.
Images were reconstructed in transverse plane using iterative re-
construction (Siemens Somatom Definition Flash) or filtered back-
projection (Philips Brilliance 64/Siemens Somatom Sensation 16) with
a soft tissue filter. Slice thickness was 3 or 5mm.

2.3. Image delineation

All delineations were performed on the primary staging CT. The
PVP images were transferred to an offline workstation for delineation,
using an open source software tool (MANGO; Multi-image Analysis GUI,
version 2.6, Research Imaging Institute, University of Texas Health
Science Center, San Antonio, TX). One reader with experience in liver
delineation (R.B.) manually delineated per slice (a) all visible liver
metastases, and (b) the surrounding (apparently disease free) liver
parenchyma (Fig. 2). Delineations were performed according to
methods previously reported [13,15,16]. For the delineation of the
surrounding liver, the border of the liver, any visible focal liver lesions
(including both benign lesions as well as any metastases), the inferior
vena cava, caudate lobe, large hepatic veins, arteries and biliary ducts
were excluded from the VOI.

2.4. Texture analysis

2D Texture analysis was performed with an in-house software
written in Python (Python Software Foundation, version 2.7, http://
www.python.org) by one of the authors (S.T.; who was blinded to all
clinical patient data and outcomes) largely based on the open source
Python package pyradiomics [17], according to methods previously
reported [13,15,16]. The image analysis technique used for this study
comprised two main stages: image filtration followed by the quantifi-
cation of texture. Prior to feature extraction, CT volumes were re-
sampled to isotropy (1× 1×1mm) using b-spline basis functions,
whereas nearest neighbour was used for the delineations. In addition to
the original image, the Laplacian of Gaussian (LoG) filter was applied to
enhance edges and irregularities at two different resolutions: fine
(σ=0.5) and coarse (σ=2.5). For quantification of the texture, en-
tropy (E) and uniformity (U) were the main parameters that were ex-
tracted, similar to previously reported research on texture analysis in
CRLM [18]. The meaning of these two features in relation to tissue
microarchitecture is schematically illustrated in Fig. 3. Entropy is a
measure that gives an indication of the irregularity of the grey-level
distribution, while conversely, the uniformity is indicative of its
homogeneity. A higher entropy (and low uniformity) typically reflects a
more “heterogeneous” distribution of pixels (and thus a more hetero-
geneous underlying tissue structure) while on the other hand a high
uniformity is associated with a more “homogeneous” distribution of
pixels (and therefore a more homogeneous tissue structure) [19–21].
Both features were calculated from a histogram, based on the points
within the region of interest with a bin size of one Hounsfield unit. For
each texture feature the ratio between the metastases and surrounding
liver was calculated according to the following formula:

=

T
T

Tmetastases

liver
ratio

T represents the respective texture features, Tmetastases represents the
VOIs of all visible liver metastases combined for each patient, and Tliver

represents the VOI of the whole volume of the surrounding liver (ex-
cluding the metastases). Total time required to delineate and analyse
one patient case was approximately 15min.
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2.5. Clinical outcome measures/standard of reference

Texture features were compared with three clinical outcome para-
meters: (1) extent of disease, (2) response to chemotherapy, and (3)
overall survival (OS). For the extent of disease, patients were cate-
gorised based on the number of liver metastases visible at the time of
diagnosis: patients with≥5 liver metastases were classified as the ‘ex-
tensive disease’ group and patients with<5 liver metastases as the
‘limited disease’ group (a cut-off based on previous literature) [22].
Since not all patients underwent surgical resection of their liver me-
tastases, response to chemotherapy was assessed on post-chemotherapy
imaging and patients were categorised according to RECIST 1.1 [7].
Patients with complete response (CR) or partial response (PR) were
classified as the ‘responders’ group and patients with stable disease (SD)
or progressive disease (PD) were classified as the ‘nonresponders’
group. OS was defined as the absence of death during follow-up. Fifty-
eight patients died during follow-up, median FU in these patients was
14.5 months (range 1–71). In the twelve patients that were still alive at
the time of writing, median FU was 57.5 months (rang 43–103).

2.6. Statistical analysis

Statistical analyses were performed using the Statistical Package for
the Social Sciences (IBM Corp. Released 2015. IBM SPSS Statistics for
Windows, Version 23.0. Armonk, NY: IBM Corp.). The Shapiro-Wilk
Test was used to test for normality. Independent sample T-tests (or
Mann-Whitney U test in case of non-normally distributed data) were
used to compare mean texture features and ratios between (a) patients
with limited (< 5 liver metastases) versus extensive (≥5 metastases)
disease and (b) responders versus nonresponders (according to RECIST
1.1). The Holm-Bonferroni correction method was used to correct for
multiple testing [23].

The predictive value of texture parameters for OS was assessed by
use of multivariable Cox proportional hazards models. With univariable
analyses, the potentially predictive factors were identified, which were
then entered in the multivariable Cox proportional hazards model.
Hazard ratios (HRs) with 95% confidence intervals (CI) were calcu-
lated. P-values≤ 0.05 were considered statistically significant.

Fig. 1. Flow-chart of the selection, inclusion and treatment of the studied patients.

Fig. 2. Delineation of metastatic liver lesions and
background liver parenchyma.
Representative example of the initial staging portal
venous phase CT image of a patient with a solitary
CRLM. The dotted lines represent the delineations
used to derive the texture features. (A) shows the
delineation of the metastasis, while (B) shows the
delineation of the background liver. The border of the
liver, any visible lesions, the inferior vena cava and
large portal and hepatic veins were excluded. The
ratio of the texture features (T) between the metas-
tases and background liver were calculated as
Tmetastases/Tliver.
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3. Results

3.1. Patients

Baseline patient characteristics are described in Table 1. The pri-
mary tumor site was the rectum in 30 and the colon in 40 patients. The

median number of CRLMs per patient was 3 (range 1–20); 42 patients
had< 5 metastases (limited disease) and 28 had≥5 metastases (ex-
tensive disease). Three patients underwent immediate surgical resec-
tion. Sixty patients underwent neoadjuvant or palliative chemotherapy;
the routine neoadjuvant chemotherapeutic regimen (in 80% of pa-
tients) consisted of CAPOX with or without the addition of Bev-
acizumab. In the patients undergoing chemotherapy, response evalua-
tion with imaging (according to RECIST 1.1) was available in 56
patients: 31 were responders (all PR), 25 were nonresponders (17 SD, 8
PD). Median OS was 22,5 months (range 1–102 months).

3.2. Texture features to assess limited vs. extensive disease

Table 2 compares the texture features and ratios of patients with
limited (< 5 lesions) and extensive (≥5 lesions) disease. The ratio for
the entropy without filter (Emetastases/Eliver) was significantly lower in
patients with limited disease (P=0.02) while correspondingly the ratio
for uniformity (Umetastases/Uliver) was significantly higher (P=0.02).
The remaining ratios, as well as the separate texture features (E and U)
of the metastases and liver itself, did not show statistically significant
differences between the two groups (P=0.67–1.00).

3.3. Texture features to assess response vs. nonresponse (RECIST 1.1)

Table 2 compares the texture features and ratios between re-
sponders and nonresponders for the 56 patients for whom a RECIST
response assessment after neoadjuvant chemotherapy was available.
Only the lesion entropy without filter (Emetastases) showed a trend to-
wards a higher value in responders (P=0.08). None of the other fea-
tures or ratios resulted in any significant outcomes (P=0.48–1.00).

3.4. Texture features to predict survival

Table 3 shows the results for the univariable analyses. Based on
these results, the Emetastases/Eliver ratio (without filter) was combined
with age at diagnosis, chemotherapy (Y/N), number of CRLM, resection

Fig. 3. Relation between entropy and uniformity.
Illustration of the relationship between entropy (E) and uni-
formity (U) values. Low values of entropy and uniformity are
shown in the bottom left with random displacement of few
intensity values. As the image becomes more hypo-intense,
with only few spots of hyper-intensity, the uniformity in-
creases (upper left) while the entropy remains unaffected. On
the other hand, allowing for a range of hyper-intensities
which will induce a more irregular, unpredictable pattern
(bottom right) the entropy will increase, as the distribution
becomes more uncertain.

Table 1
Baseline characteristics.

Patient characteristics Total N=70

Age (y)
Median 69
Range 39–85

Sex
Male 50 (71.4)
Female 20 (28.6)

Primary tumour site
Rectum 30 (42.9)
Colon 40 (57.1)

Number of hepatic metastases
Median 3
Range 1–20

Extrahepatic metastases
No 36 (51.4)
Yes 34(48.6)
Intra-abdominal only 7 (10)
Extra-abdominal (+/− intra abdominal) 27 (38.6)

Treatment CRLM
Immediate surgery 3 (4.3)
Chemotherapy & surgery 22 (31.4)
Palliative chemotherapy 38 (54.3)
Best supportive care 7 (10.0)

Chemotherapy regimen
CAPOXa+Bevacizumab 39 (65.0)
CAPOXa 9 (15.0)
Capecitabine 7 (11.7)
Other 5 (8.3)

Note: Unless otherwise indicated, data are numbers of patients and data in parentheses are
percentages.

a CAPOX: capecitabine+ oxaliplatin.

R.C.J. Beckers et al. European Journal of Radiology 102 (2018) 15–21

18



of CRLM (Y/N) and the presence of extrahepatic metastases (none/
abdominal only/extra-abdominal metastases) in the multivariable
model, the results of which are presented in Table 4.

The Emetastases/Eliver showed a trend towards significance in the
multivariable model with a HR of 1.90 (0.95–3.78; P=0.07). Resection
of CRLM was an independent predictor of OS (HR 0.26; CI 0.11–0.60;
P=0.004), as was chemotherapy (HR 0.42; CI 0.18–0.98; P=0.04).

4. Discussion

The aim of our study was twofold: to test if we could confirm results
of previous literature that CT texture analysis has potential value as a
predictive imaging marker in patients with CRLM and to get a better
insight into the relationship between the texture of CRLM and the
surrounding liver architecture. Our results suggest that analysing the
ratios between textural changes of the metastases and the surrounding
liver parenchyma (Emetastases/Eliver and Umetastases/Uliver) may be of
added value to assess the burden of disease in the liver. Moreover, the
texture ratios showed an association with overall survival, albeit it not

Table 2
Textural features of patients with< 5 or≥5 lesions and responders and non-responders according to RECIST 1.1.

< 5 Lesions N=42 ≥5 Lesions N=28 P* Responders N=31 Nonresponders N=25 P*

Without filter
Eliver 6.37 ± 0.24 6.29 ± 0.25 1.00 6.32 ± 0.26 6.34 ± 0.25 1.00
Uliver 0.02 ± 0.003 0.02 ± 0.003 1.00 0.02 ± 0.003 0.02 ± 0.002 1.00
Emetastases 6.57 ± 0.33 6.71 ± 0.24 0.67 6.65 ± 0.26 6.51 ± 0.34 0.08
Umetastases 0.01 ± 0.003 0.01 ± 0.002 0.94 0.01 ± 0.002 0.01 ± 0.003 1.00
Emetastases/Eliver 1.03 ± 0.05 1.07 ± 0.03 0.02 1.05 ± 0.03 1.03 ± 0.06 0.59
Umetastases/Uliver 0.87 ± 0.21 0.74 ± 0.09 0.02 0.78 ± 0.11 0.89 ± 0.26 0.48

Fine filter
Eliver 5.15 ± 0.25 5.08 ± 0.25 1.00 5.10 ± 0.27 5.12 ± 0.25 1.00
Uliver 0.03 ± 0.006 0.04 ± 0.006 1.00 0.04 ± 0.008 0.04 ± 0.006 1.00
Emetastases 5.33 ± 0.29 5.27 ± 0.24 1.00 5.31 ± 0.28 5.27 ± 0.25 1.00
Umetastases 0.03 ± 0.006 0.03 ± 0.005 1.00 0.03 ± 0.006 0.03 ± 0.006 1.00
Emetastases/Eliver 1.04 ± 0.04 1.04 ± 0.02 1.00 1.04 ± 0.03 1.03 ± 0.04 1.00
Umetastases/Uliver 0.87 ± 0.11 0.88 ± 0.06 0.92 0.86 ± 0.08 0.90 ± 0.11 1.00

Coarse filter
Eliver 6.16 ± 0.41 6.11 ± 0.40 1.00 6.19 ± 0.43 6.12 ± 0.41 1.00
Uliver 0.03 ± 0.008 0.03 ± 0.009 1.00 0.03 ± 0.008 0.03 ± 0.009 1.00
Emetastases 5.90 ± 1.20 6.46 ± 0.65 0.94 6.23 ± 0.79 5.82 ± 1.42 1.00
Umetastases 0.03 ± 0.03 0.02 ± 0.009 1.00 0.02 ± 0.01 0.04 ± 0.04 1.00
Emetastases/Eliver 0.96 ± 0.20 1.06 ± 0.12 0.77 1.01 ± 0.14 0.95 ± 0.23 1.00
Umetastases/Uliver 1.23 ± 1.32 0.72 ± 0.32 1.00 0.90 ± 0.50 1.38 ± 1.63 1.00

Note: Data are the mean ± SD, all measurements were performed on primary staging CT before treatment, significant results are printed in bold.
E: Entropy.
U: Uniformity.

* P-values after Holm-Bonferroni correction.

Table 3
Univariable Cox proportional hazards model.

Parameter HR 95% Confidence Interval P

Without filter
Eliver 0.63 0.23–1.73 0.37
Uliver 1.04 0.95–1.15 0.41
Emetastases 2.59 1.00–6.65 0.05
Umetastases 0.90 0.80−1.00 0.05
Emetastases/Eliver§ 2.51 1.44–4.36 0.001
Umetastases/Uliver 0.41 0.24–0.72 0.002

Fine Filter
Eliver 0.81 0.30–2.19 0.67
Uliver 1.01 0.97–1.05 0.70
Emetastases 0.96 0.39–2.39 0.93
Umetastases 1.00 0.96–1.04 0.92
Emetastases/Eliver 1.23 0.73–2.07 0.43
Umetastases/Uliver 0.83 0.50–1.40 0.49

Coarse filter
Eliver 0.91 0.47–1.75 0.77
Uliver 1.00 0.97–1.03 0.93
Emetastases 1.46 1.13–1.89 0.004
Umetastases 0.98 0.96–1.00 0.012
Emetastases/Eliver 1.81 1.06–3.09 0.030
Umetastases/Uliver 0.49 0.29–0.84 0.009

Clinical parameters
Age§ 1.01 0.98–1.04 0.45
Sex 1.09 0.61–1.93 0.78
Location of primary tumoura 0.61 0.32–1.18 0.14
Resection of primary tumour† 0.35 0.20–0.62 0.000
Chemotherapy†,§ 0.26 0.12–0.57 0.001
Number of CRLM§ 1.06 1.02–1.10 0.006
Resection of CRLM†,§ 0.20 0.10–0.41 0.000
Extrahepatic disease‡,§ 1.378 1.04–1.83 0.025

Note: Texture ratios are dichotomized based on the median value, according to methods
previously reported [34], uniformity values were multiplied by 1000 in line with previous
research [15], significant results are printed in bold.
Variables indicated with § were included in the multivariable model. To avoid overfitting
and because of a relation to other variables, the remaining significant variables were not
included in the multivariable model (e.g. the vast majority of patients who underwent
resection of their liver metastases also underwent resection of their primary tumour).

a left sided (transversum, descendens, sigmoid or rectum)/right sided (ascendens or
caecum).

† No/Yes.
‡ No/abdominal only/extra-abdominal metastases.

Table 4
Multivariable Cox proportional hazards model with entropy ratio.

Parameter HR 95% Confidence Interval P

Emetastases/Eliver (without filter) 1.90 0.95–3.78 0.07
Age 1.02 0.99–1.06 0.16

Number of CRLM 1.00 0.96–1.05 0.90
Chemotherapy
No 1.00
Yes 0.42 0.18–0.98 0.044

Resection of CRLM
No 1.00
Yes 0.26 0.11–0.60 0.004

Extrahepatic disease
No 1.00
Abdominal only 1.12 0.59–2.11 0.74
Extra-abdominal 2.10 0.70–6.29 0.19

Note: Texture ratios were dichotomized based on the median value, according to methods
previously reported [34], significant results are printed in bold.
E: Entropy.
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statistically significant in multivariate analyses. Finally, we observed a
subtle trend towards higher entropy in liver metastases that show a
better response to treatment.

As shown in Fig. 3, a more irregular distribution of ‘disease’ within a
certain VOI will typically lead to a higher entropy (and lower uni-
formity). One can imagine that in the case of a more aggressive disease
profile, the liver lesions become more heterogeneous (higher entropy/
lower uniformity) while the surrounding liver remains relatively un-
affected. This effect on entropy and uniformity in the liver metastases
may be highlighted by comparing it to the surrounding liver (as a
normalisation factor), which may explain why mainly the ratios were
significantly associated with the burden of disease while there was only
a subtle, nonsignificant trend for the entropy and uniformity measures
itself. An alternative hypothesis would be that the ratio between the
texture of the liver metastases and surrounding liver is in itself a unique
feature that captures biological properties of the course of metastatic
disease within the liver that cannot be identified by looking at either
the architecture of the liver lesions or surrounding liver separately.

A higher entropy ratio was also an independent factor that was
associated with impaired OS (with a borderline significant HR of 1.90 in
multivariate analyses) and may thus be of value as an added biomarker
of survival, alongside more well-known clinical predictors such as
chemotherapy and resection. This is in line with the findings of pre-
vious studies in other tumour types: Ganeshan et al. reported that, for
oesophageal cancer, high entropy with a medium to coarse filter was
associated with a shorter OS [24]. Hayano et al. also suggested that
high entropy with a medium filter was associated with a shorter OS in
non-small cell lung cancer [25]. In contrast, other groups found the
opposite and reported higher entropy (with a fine filter) to be asso-
ciated with a better OS in patients with head and neck cancer, oeso-
phageal cancer, and colorectal cancer [26–28]. These seemingly dis-
crepant findings may in part be related to the fact that different studies
used different image filters. The use of edge enhancement filters in
texture analysis, such as the LoG filter used in this study, is to improve
the ability to assess and quantify tissue heterogeneity. Lower filter va-
lues highlight small changes in intensity and structures with fine tex-
tures, while higher filter values highlight structures with medium and
coarse textures in the filtered image [19]. As such, the use of different
filters may considerably affect study results. Moreover, these previous
studies report on a heterogeneous group of tumour types with various
different treatment regimens and inherently different tumour prog-
nostic profiles.

When looking at the texture of the metastatic lesions itself, only a
subtle, nonsignificant trend towards higher entropy was observed for
responders versus nonresponders according to RECIST 1.1. We ac-
knowledge that RECIST measurements are suboptimal as an outcome
variable given the known limitations of RECIST to accurately assess
response [29,30]. However, since the majority of study patients did not
undergo resection of their liver metastases, correlation with histo-
pathology was not feasible in our cohort and we chose RECIST as the
main outcome as it is still most commonly used in clinical practice as
well as in many previous study reports. Interestingly, our results are in
line with a previous report of Rao et al. who did use histologic tumour
regression grading (TRG) after surgery as the main outcome of response
in a small group of 21 patients with CRLM and reported that – similar to
our current findings – a non-significant trend towards higher entropy
(without filter) in responders versus nonresponders. Rao et al. did find
significant results when looking at relative changes in the texture
measures after treatment with significantly decreased entropy com-
pared to pre-treatment measurements in responders and increased en-
tropy in nonresponders[13]. Ahn et al. found no significant difference
in the pre-treatment entropy between responders and nonresponders to
chemotherapy in a relatively large cohort of 235 patients with CRLM.
However, they did describe a profile of other features (including
skewness and standard deviation) that underlined the theory of a more
heterogeneous imaging texture of liver metastases in responders versus

nonresponders [31]. Altogether, the results of studies presented so far –
including our own – appear to indicate a subtle but not (yet) strong role
for pre-treatment textural assessment of CRLM to predict response.

When looking at previous results for whole-liver texture analysis,
several studies describe higher entropy in the surrounding liver of pa-
tients with CRLM when compared to patients without metastases
[15,16,32]. Moreover, Beckers et al. found that differences in the tex-
ture of the liver parenchyma can already be observed at the time of
primary staging (when no visible lesions are apparent) in patients who
develop metachronous metastases in the first 6 months after diagnosis,
suggesting that liver texture may serve as a marker to predict the early
course of disease [15]. Ganeshan et al. showed that CT texture analysis
has potential to identify patients at risk for a reduced survival, based on
lower entropy [33]. These findings were however described in a group
of patients without metastases. Since our cohort only included patients
in whom CRLMs were already present, these previously reported find-
ings could not be explored in the current cohort. When it comes to
whole-liver texture analysis for the prediction of the extent of disease,
treatment response or survival we could not produce any significant
findings.

There are some limitations to our study. First, the sample size is
relatively small. Second, despite the standardised protocol, there were
some differences between the scanners and slice thickness employed
throughout this study, although a previous study suggested that scanner
settings are of minor influence on the textural features [15]. Third, as
already mentioned above, it was not possible to correlate our findings
with underlying histopathology since most patients did not undergo
resection of their CRLM. Fourth, in the subgroup undergoing che-
motherapy, there were some variations in the chemotherapeutic re-
gimen used. Finally, in the field of texture analysis, many features
(derived from both first order as well as higher order statistical models)
can be tested, which would result in a risk of false positive findings due
to multiple testing (type I error). Therefore, for this study, we chose to
only include a selection of first-order texture features commonly used in
previous literature within the field of texture analysis in colorectal
cancer to allow meaningful comparisons with previous evidence
[15,18,32].

In conclusion, our study suggests that the ratio between the texture
of liver metastases and the surrounding liver possibly reflects relevant
changes in tissue microarchitecture and may be of value in the future to
assess the extent of the disease in the liver and to predict overall sur-
vival.
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