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Abstract

Purpose: It is unclear whether changes in liver texture in
patients with colorectal cancer are caused by diffuse (e.g.,
perfusional) changes throughout the liver or rather based
on focal changes (e.g., presence of occult metastases).
The aim of this study is to compare a whole-liver
approach to a segmental (Couinaud) approach for
measuring the CT texture at the time of primary staging
in patients who later develop metachronous metastases
and evaluate whether assessing CT texture on a segmen-
tal level is of added benefit.
Methods: 46 Patients were included: 27 patients without
metastases (follow-up >2 years) and 19 patients who
developed metachronous metastases within 24 months
after diagnosis. Volumes of interest covering the whole
liver were drawn on primary staging portal-phase CT. In
addition, each liver segment was delineated separately.
Mean gray-level intensity, entropy (E), and uniformity
(U) were derived with different filters (r0.5–2.5).
Patients/segments without metastases and patients/seg-
ments that later developed metachronous metastases
were compared using independent samples t tests.
Results: Absolute differences in entropy and uniformity
between the group without metastases and the group
with metachronous metastases group were consistently
smaller for the segmental approach compared to the

whole-liver approach. No statistically significant differ-
ences were found in the texture measurements between
both groups.
Conclusions: In this small patient cohort, we could not
demonstrate a clear predictive value to identify patients
at risk of developing metachronous metastases within
2 years. Segmental CT texture analysis of the liver
probably has no additional benefit over whole-liver
texture analysis.

Key words: Colorectal cancer—Liver metastases—CT
texture—Occult disease—Metachronous
metastases—Micro metastases

With ±750.000 new cases every year worldwide, col-
orectal cancer (CRC) constitutes one of the most com-
mon forms of cancer [1]. The most prevalent site of
metastases in CRC is the liver (77%). At time of diag-
nosis approximately 20% of patients have metastatic
disease [2–5]. An additional 5% of patients will develop
metachronous metastases within the first year, increasing
to 15% after 5 years [3]. The exact pathogenesis of the
development of colorectal liver metastases is still not
fully understood [6–8]. A recent review suggested that
there might be a difference in biological characteristics
between synchronous and metachronous metastases with
synchronous metastases showing a more aggressive dis-
ease profile with poorer survival rates [9]. However,
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other studies reported no difference in survival after
resection of liver metastases, whether they appeared
synchronously or metachronously [10–12]. A better
understanding of the exact pathogenesis of the develop-
ment of metachronous metastases could be of great
influence on clinical practice; knowing which patients are
at risk of developing metachronous disease might create
opportunities for (neo-) adjuvant treatment and could
affect the intensity of follow-up.

Imaging might play a role in this regard. The idea
would be that at the early stage of metachronous disease
development, changes are already occurring within the
liver before any focal liver lesions become apparent.
These early changes cannot be observed with common
morphological imaging techniques, but may be detected
with more sophisticated imaging or post processing
techniques. A specific technique that has shown promise
is CT texture analysis. Texture analysis is a mathematical
approach to quantify the distribution of gray-level values
within tissues, thereby providing a measure of tissue
heterogeneity [13]. Texture features derived from col-
orectal liver metastases as well as from the surrounding
liver parenchyma have both been reported to correlate
with patient survival [14, 15]. Moreover, previous reports
have shown that differences in the overall liver texture
can be observed on CT between patients with and
without liver metastases. Similarly, even at the time of
primary staging in patients that develop metachronous
metastases, texture changes can be observed, particularly
in patients who develop metastases early (within
6 months) after diagnosis [16, 17]. However, results re-
ported so far are ambiguous, and convincing evidence
supporting the role of CT texture analysis to predict
patients at risk for developing metachronous liver disease
has yet to be provided.

A potential limiting factor could be the methodol-
ogy of obtaining texture measures. So far, whole-liver
texture analyses have been performed, based on the
assumption that early changes in the liver preceding
the manifestation of visible focal liver lesions occur
diffusely in the liver parenchyma and are likely to be
related to changes in liver perfusion [18–20]. An
alternative hypothesis would be that these early
changes are more localized to a certain area within the
liver (i.e., the specific site where at a later stage the
metastases will become visible) and are more related to
focal changes on a cellular level (i.e., presence of occult
micro metastases) and/or focal perfusional changes
[14, 21]. In the latter case, a whole-liver approach will
likely not be sensitive enough to detect these focal
changes, and a segmental analysis of the liver texture
might provide better results.

The aim of this study therefore was to evaluate this
hypothesis and get a better insight in the distribution of
textural changes within the liver (i.e., diffuse vs. focal) by

comparing the CT liver texture of patients without
metastases and patients with metachronous liver disease
using a ‘whole liver’ vs. ‘segmental’ approach.

Method and materials

Patients

This study retrospectively analyzed 46 patients who were
treated for colorectal cancer at Maastricht University
Medical Center between August 2009 and November
2013. Informed consent was waived by the local ethical
committee. Part of the study patients (44/46) were in-
cluded in a previously reported multicentre study cohort
[17]. As part of their primary staging all patients rou-
tinely underwent contrast-enhanced abdominal or liver
CT. Two groups of patients were defined: (A) the ‘no
metastases’ (control) group, consisting of 27 patients
who had no evidence of liver metastases at primary
staging, nor during at least 2 years of follow-up and
(B) the ‘metachronous metastases’ group consisting of 19
consecutive patients who had no evidence of liver
metastases at primary staging but developed metachro-
nous liver metastases within 24 months after the primary
staging. The inclusion criteria consisted of (a)
histopathologically confirmed colorectal adenocarci-
noma, (b) no extrahepatic metastases, and (c) a primary
staging CT including a portal venous phase (PVP).
Exclusion criteria consisted of (a) previous liver surgery,
(b) previous systemic treatment (chemotherapy), (c)
diffuse hepatic metastases, leaving no normal segments
to compare, and (d) evidence of other diffuse liver dis-
ease such as steatosis or cirrhosis.

CT acquisition

All CT scans included a PVP scan of the liver and were
acquired using multi-slice CT equipment (Philips Bril-
liance 64, Philips Medical Systems, Best, The Nether-
lands; Siemens SOMATOM Sensation 16 or
SOMATOM Definition Flash, Siemens Healthcare,
Erlangen, Germany). PVP images were obtained with a
tube voltage of 120 kVp. The contrast medium (Ultravist
300 mgI/ml; Iopromide, Bayer Healthcare, Berlin, Ger-
many) was prewarmed to 37 �C (99 �F) and administered
intravenously as a bolus injection of 110 ml at a rate of
3.5 ml/s, followed by a saline flush of 40 ml. The scan
delay for the PVP was set at 70 s with a (reconstructed)
slice thickness of 5 mm.

Whole-volume vs. segmental liver delineation

All delineations were performed on the initial staging
CTs (when all patients were still without any visible
colorectal liver metastases). The PVP images were
transferred to an offline workstation for liver delineation
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which was performed using the open-source software
tool MRIcron [22]. Liver delineation was performed in
two ways (see Fig. 1): (a) whole-liver delineation, and
(b) segmental delineation. For the whole-liver delineation
a single reader (RB) delineated the whole-liver volume
(excluding the border of the liver, any visible benign le-
sions, the inferior vena cava, caudate lobe, large hepatic
veins, arteries, and biliary vessels) according to methods
previously reported [16, 17]. For the segmental delin-
eation, individual liver segments were delineated, based
on Couinaud’s classification [23]. Seven segments were
included (2, 3, 4ab, 5, 6, 7, 8). The caudate lobe was
excluded, since it is often difficult to discern from the
border of the vena cava.

Texture analysis

2D Texture analysis was performed with a dedicated
script written in MATLAB (The MathWorks Inc., Nat-
ick, MA, 2000) by one of the authors (RSS), according to
methods previously reported [16, 17, 24]. The mathe-
matical analysis technique used for this study comprises
two main stages: image filtration followed by the quan-
tification of texture. For image filtration, a Laplacian of
Gaussian (LoG) band-pass filter was chosen which was
applied in the Fourier space. A reference resolution of
0.84 mm was chosen and for each CT scan with a dif-
ferent resolution, the width of the LoG-filter (r) was
modified to keep the physical size (in mm) of the filter
constant. A fine (r = 0.5), medium (r = 1.5), and a
coarse filter (r = 2.5) were used. For quantification of
the texture of the liver parenchyma, mean gray-level
intensity (M), entropy (E), and uniformity (U) were used.

These features were calculated from a histogram based
on the points within the region of interest with a bin size
of one Hounsfield unit. M is the number of bins in the
histogram; entropy is based on the width of the his-
togram; and uniformity is based on the narrowness.

Standard of reference

In the patients without metastases, the absence of
metastases was confirmed by means of clinical follow-up
including regular carcinoembryonic antigen (CEA) level
and imaging (CT and in some cases US and/or MRI).
The median follow-up time was 54 months (range
35–57 months). In the metachronous metastases group,
the presence of metachronous liver lesions was confirmed
by histopathology in 10 patients, by growth over time in
5 patients, and by corresponding FDG-PET positivity
(after initial CT diagnosis) in 4 patients.

Statistical analysis

Statistical analyses were performed using the Statistical
Package for the Social Sciences (IBM Corp. Released
2012. IBM SPSS Statistics for Windows, Version 21.0.
Armonk, NY: IBM Corp.) and Stata (StataCorp. 2009.
Stata Statistical Software: Release 11. College Station,
TX: StataCorp LP). Baseline patient characteristics were
assessed and compared using descriptive statistics. Pa-
tients/segments without metastases and with metachro-
nous metastases were compared using independent
samples t test, Mann–Whitney U test was used for non-
parametric data. For the segmental analysis, segments
analyzed on the initial staging CT were matched to seg-

Fig. 1. Illustration of the hypothetical concept that textural
changes are caused either (A) by changes (e.g., perfusional
and/or cellular) occurring diffusely throughout the liver, which
can be expected to become most apparent with a whole-vol-

ume liver delineation, or (B) by more focally situated changes
in the liver caused, for example, by the presence of occult
micrometastases, which can be expected to become more
apparent with a segmental liver delineation.
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ments where disease occurred during follow-up. A
P value <0.05 was considered to indicate statistical
significance.

Results

Patient characteristics

Of the 46 patients enrolled in the study, 29 patients were
male and 17 were female. Median age was 66.5 years
(range 44–81 years). The primary tumor was located in
the colon in 24 patients and in the rectum in the other 22
patients. Baseline characteristics of the study patients
including results per subgroup are given in Table 1.
Nineteen patients developed metachronous metastases
with a median diagnosis-metastases interval of
12 months (range 4–20 months). In 1 patient, metastases
occurred within 6 months, in 9 within 7–12 months, and
in 9 within 13–24 months. A total of 322 segments were
delineated. Of these, 189 segments (58.7%) remained
without metastases; in 37 segments (11.5%) metastases
occurred during follow-up. Only segments of the patients
who remained without metastases were included in the
analysis.

Whole-liver vs. segmental approach

Table 2 compares the texture values between the no
metastases and metachronous metastases group for the
whole-liver vs. the segmental approach. The absolute
difference in entropy and uniformity values between the
no metastases and metachronous metastases group was
consistently smaller for the segmental approach (differ-
ence 0.00–0.11 for entropy and 0.13–1.53 for uniformity)
compared to the whole-volume approach (difference
0.03–0.15 for entropy and 0.70–2.29 for uniformity). For
mean intensity at fine image filtration, the same effect
was observed. None of the whole-liver nor segmental
texture measurements resulted in any statistically signif-
icant differences between the no metastases and meta-
chronous metastases group.

Discussion

The aim of this study was to get a better insight in the
underlying cause of textural changes that can be ob-
served on CT of the liver in patients with colorectal liver
metastases. We compared a whole-liver approach with a
segmental approach using Couinaud’s segments to study

Table 1. Baseline characteristics of the 46 patients

Group Total (N = 46)Characteristics

A (N = 27) B (N = 19)

Age (year)
Median 66 67 66.5
Range 44–76 47–81 44–81

Sex
Male 17 (63) 12 (63.2) 29 (63)
Female 10 (37) 7 (36.8) 17 (37)

Primary tumor site
Rectum 15 (55.6) 7 (36.8) 22 (47.8)
Colon 12 (44.4) 12 (63.2) 24 (52.2)

Tumor stage*
T1 0 0 0
T2 7 (25.9) 0 7 (15.2)
T3 17 (63.0) 12 (63.2) 29 (63.0)
T4 3 (11.1) 7 (36.8) 10 (21.7)

Nodal stage*
N0 11 (40.7) 3 (15.8) 14 (30.4)
N1 4 (14.8) 6 (31.6) 10 (21.7)
N2 12 (44.4) 10 (52.6) 22 (47.8)

Histology of primary tumor
Adenocarcinoma n.o.s. 19 (70.4) 14 (73.7) 33 (71.7)
Mucinous 6 (22.2) 3 (15.8) 9 (19.6)
Signet-ring cell carcinoma 1 (3.7) 2 (10.5) 3 (6.5)
Focal neuroendocrine diff. 1 (3.7) 0 1 (2.1)

Time until metastases (m)�

Median N/A 12 N/A
Range N/A 4-20 N/A

Carcinoembryonic antigen (CEA) at time of primary diagnosis
Normal (<5 mcg/L) 18 (66.7) 9 (47.4) 27 (58.7)
Elevated (‡5 mcg/L) 8 (29.6) 8 (42.1) 16 (34.8)

Unless otherwise indicated, data are numbers of patients and data in parentheses are percentages
Group A: patients without liver metastases
Group B: patients with metachronous liver metastases within 24 months after primary staging
N/A not applicable
* Primary tumor/nodal stage was based on histopathology for patients undergoing direct surgery and based on MRI for patients undergoing
neoadjuvant treatment
� Interval between the primary staging CT and the detection of liver metastases
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whether changes in liver texture are most likely caused by
focal or diffuse liver pathology. The hypothesis was that
in case of occult focal disease (micro metastases) the
differences on a segmental level would be more apparent,
whereas conversely diffuse changes in liver texture would
become more apparent using a whole-liver approach.
Although the observed differences are altogether small
(and not statistically significant), our results suggest that
differences in texture between patients without metas-
tases and patients who develop metastatic liver £2 years
after initial diagnosis are more pronounced for the
whole-liver approach. No additional effect was found for
texture measurements on a segmental level.

It has been suggested that diffuse changes in the liver
preceding the development of focal liver metastases are
probably related to changes in liver perfusion and hep-
atic hemodynamics [14, 18]. Tumor progression towards
metastasis is a process with multiple stages in which
malignant cells spread from the primary colorectal tumor
to colonize the liver [25, 26]. Paget’s ‘‘seed and soil’’
theory for metastasis states that an adequate microen-
vironment is required for malignant cells to nest into
distant tissues and form metastases [27]. This microen-
vironment should support malignant cell maintenance
and regulate cell function and proliferation so that tumor
cells are able to form into clinically detectable metastases
[28, 29]. One of the key elements in the progression from
micro metastasis to visible metastases is the assembly of a
functional vascular structure to enable cellular expansion
[30–32]. These changes lead to physiological changes
such as increased perfusion, blood volume, and capillary
permeability [33]. It is known that in the liver, tumor
angiogenesis occurs when metastases reach approxi-
mately 0.5 mm in size, while lesions can only be visual-
ized with conventional morphological imaging

techniques when they reach at least 3–5 mm in diameter
[34]. These observations may explain why changes in the
liver texture may already be observed on a whole-liver
level (as was reported in previous studies [16, 17]), while
no visible metastases have yet become apparent [35].
Despite the fact that differences in our study also ap-
peared to be most pronounced for the whole-liver ap-
proach, we could not confirm a statistically significant
difference in texture between patients without metastases
and patients who later developed metachronous metas-
tases. A possible contributing factor could be that the
median interval between the primary staging CT and the
development of metastatic lesions in our study was
12 months, whereas Beckers et al. previously reported
that CT texture was only able to predict metastases
occurring early (within 6 months) after primary CRC
diagnosis [17]. Our current study cohort was too small to
perform meaningful subgroup analyses on the develop-
ment of early metastases (given that only in 1 patient
metastases occurred within 6 months).

Our findings support doubts raised in previous papers
with respect to the robustness of texture analysis as a
self-contained image quantification method and the
current lack of evidence from large-scale prospective
studies [17, 36]. Most likely texture analysis should be
used as an adjunct to other parameters, clinical, labo-
ratory, and imaging, with the ultimate aim to develop a
comprehensive global clinical prediction model. From
the imaging perspective, not only CT texture analysis
should be further explored, but also other techniques
that have shown promise in previous reports such as
diffusion-weighted imaging [37], perfusion CT and MR
imaging [38, 39], and ultrasound Doppler [40].

There are some limitations to our study. The sample
size of patients with metachronous metastases (particu-

Table 2. Mean (±Standard Deviation) of CT texture features of the apparently non-diseased liver parenchyma measured at different scale values (r)
on PVP CT

Texture features Whole liver Segments

A (N = 27) B (N = 19) Difference* A (N = 189) B (N = 37) Difference*

Mean gray-level intensity
Unfiltered 114.33 ± 18.38 113.35 ± 15.68 0.98 114.53 ± 18.27 117.34 ± 17.92 2.81
r = 0.5 -0.018 ± 0.087 -0.044 ± 0.081 0.026 0.034 ± 0.147 0.043 ± 0.130 0.009
r = 1.5 0.36 ± 0.18 0.34 ± 0.22 0.02 0.44 ± 0.25 0.51 ± 0.29 0.07
r = 2.5 1.25 ± 0.40 1.20 ± 0.52 0.05 1.33 ± 0.45 1.44 ± 0.56 0.11

Entropy
Unfiltered 5.71 ± 0.18 5.67 ± 0.36 0.03 5.65 ± 0.19 5.63 ± 0.32 0.02
r = 0.5 7.02 ± 0.21 6.87 ± 0.66 0.15 7.02 ± 0.21 6.91 ± 0.53 0.11
r = 1.5 7.06 ± 0.18 6.97 ± 0.33 0.09 7.03 ± 0.20 6.98 ± 0.30 0.05
r = 2.5 6.52 ± 0.17 6.45 ± 0.24 0.07 6.45 ± 0.19 6.45 ± 0.24 0.00

Uniformity
Unfiltered 22.82 ± 2.94 24.12 ± 6.80 1.30 23.84 ± 3.29 25.01 ± 6.45 1.17
r = 0.5 9.26 ± 1.41 11.55 ± 7.07 2.29 9.16 ± 1.41 10.69 ± 5.33 1.53
r = 1.5 8.99 ± 1.14 9.75 ± 2.42 0.76 9.16 ± 1.28 9.61 ± 2.16 0.45
r = 2.5 13.32 ± 1.58 14.02 ± 2.38 0.70 13.88 ± 1.87 14.01 ± 2.43 0.13

Group A: patients/segments without liver metastases
Group B: patients/segments with metachronous liver metastases within 24 months following primary staging
* Differences were not statistically significant between the no metastases and metachronous metastases patients/segments for any of the features
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larly patients with early metastases) was small. Second,
slice thickness in our study was relatively large. Third,
image segmentations were only performed by a single
reader, although we believe that, given the method of
whole-liver segmentation and segmentations according
to the standardized and well-known Couinaud classifi-
cation, potential effects of interobserver variations can
be expected to be limited. Finally, a major limitation is
that it is not possible to correlate our findings with
underlying histopathological changes in the liver as this
would require invasive procedures such as routine liver
biopsy, which is not feasible from an ethical perspective.
Moreover, in the patients who developed metachronous
metastases, histopathologic confirmation was only
available in 10/19 patients.

Conclusion

Our study showed no added value for segmental texture
analysis over whole-liver CT texture analysis. Despite the
lack of pathologic correlation, our results appear to fa-
vor the hypothesis that textural changes are more likely
based on diffuse, (perfusional) changes, rather than
changes occurring on a more focal (segmental) level.
Future prospective studies should focus on determining
the role of CT texture analysis—as well as other imaging
techniques—within the complete spectrum of clinical,
laboratory, and imaging parameters to develop a clini-
cally meaningful predictive model that can truly impact
clinical decision making.
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