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Abstract

Purpose: The purpose of the study was to determine
whether the pre-treated MR texture features of colorectal
liver metastases (CRLMs) are predictive of therapeutic
response after chemotherapy.
Methods: The study included twenty-six consecutive
patients (a total of 193 liver metastasis) with unre-
spectable CRLMs at our institution from August 2014 to
February 2016. Lesions were categorized into either
responding group or non-responding group according to
changes in size. Texture analysis was quantified on T2-
weighted images by two radiologists with consensus on
regions of interest which were manually drawn on the
largest cross-sectional area of the lesions. Five histogram
features (mean, variance, skewness, kurtosis, and en-
tropy1) and five gray level co-occurrence matrix features
(GLCM; angular second moment (ASM), entropy2,
contrast, correlation, and inverse difference moment
(IDM)) were extracted. The texture parameters were
statistically analyzed to identify the differences between
the two groups, and the potential predictive parameters
to differentiate the responding group from the non-
responding group were subsequently tested using multi-
variable logistic regression analysis.
Results: A total of 107 responding and 86 non-respond-
ing lesions were evaluated. A higher variance, entropy1,
contrast, entropy2 and a lower ASM, correlation, IDM
were independently (P < 0.05) associated with a good
response to chemotherapy with the areas under the ROC
curves (AUCs) of 0.602–0.784. Variance (P < 0.001)

and ASM (P = 0.001) remained potential predictive
values to discriminate responding lesions from non-
responding lesions when tested using multivariable
logistic regression analysis. The highest AUC of the
predictors from the association of variance and ASM
was 0.814.
Conclusion: MR texture features on pre-treated T2
images have the potential to predict the therapeutic
response of colorectal liver metastases.
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Colorectal cancer is one of the three most commonly
diagnosed cancers worldwide [1]. Metastasis is associated
with a poor prognosis, and the liver is a primary site of
metastasis. Almost 15% of patients have simultaneous
liver metastases from colorectal cancer, and 60% of the
metachronous metastases are in the liver [2].

Radical resection of liver metastases is recommended
as the curative therapy to improve the prognosis. How-
ever, less than 20% of patients are candidates for the
resection of liver lesions; for the majority, palliative
chemotherapy is the preferred treatment strategy [3].
Therefore, the early prediction of the therapeutic re-
sponse is important for selecting the appropriate
chemotherapy approach.

Texture analysis, a new imaging biomarker, is a non-
invasive method to assess the heterogeneity within a tu-
mor. Tumors heterogeneity occurs due to variations in
genomic subtypes, cell proliferation or apoptosis, meta-Correspondence to: Tong Tong; email: t983352@126.com
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bolic activity, vascular structure, and other factors [4]. By
analyzing the distribution and relationship of pixel or
voxel-gray levels in the image, texture analysis provides a
more detailed and quantitative evaluation of the lesion
characteristics than morphological analysis. A series of
studies on different tumors provided evidence that tex-
ture analysis could be used as a very promising imaging
biomarker of tumor treatment response [5–9]. A few re-
cent studies have proven that texture analysis of com-
puted tomography (CT) images is feasible and has
certain practical value in assessing the response of col-
orectal liver metastases (CRLMs) to chemotherapy [10–
13]. In addition, MR images seem to display more
accurate texture features than CT images [14].

However, few studies have evaluated the role of MR
texture features in CRLMs. Therefore, the purpose of
this study was to determine whether the texture features
of pre-treated MR images of CRLMs are predictive of
therapeutic response after cytotoxic chemotherapy.

Materials and methods

Patient population

This retrospective study was approved by our institu-
tional review board, and the written informed consent
was waived. Twenty-six patients with unre-
spectable CRLMs who underwent the standard first-line
chemotherapy regimen using FOLFOX (oxaliplatin,
leucovorin plus fluorouracil, repeated every 2 weeks,
twice for one cycle), FOLFIRI (irinotecan, leucovorin
plus fluorouracil, repeated every 2 weeks, twice for one
cycle), or XELOX (oxaliplatin plus capecitabine, every
3 weeks for one cycle) at our institution between August
2014 and February 2016 were retrospectively reviewed.
All patients underwent baseline MRI within 3 weeks
before chemotherapy. Inclusion criteria consisted of:
(a) histopathologically confirmed colorectal adenocarci-
noma without the presence of any other malignant tu-
mors; (b) the presence of liver metastases
measuring > 1 cm in longest diameter with at least one
lesion; (c) no previous treatment, including chemother-
apy, radiotherapy, interventional treatment, or liver
metastases resection, prior to baseline MRI; and (d) un-
derwent the secondary imaging examination and re-
sponse evaluation after four cycles of chemotherapy.

MR examinations

All MR images were performed before treatment on a 3.0
T MR magnet (Signa Horizon, GE Medical Systems,
Milwaukee, WI) with a phased-array body coil. The MR
imaging protocol and the parameters of sequences are
detailed in Table 1. Enhanced images were acquired after
the intravenous administration of gadopentetate dimeg-
lumine using an axial and coronal LAVA sequence.

Texture analysis

Texture analyses were performed using a dedicated script
written in MATLAB (MATLAB R2011b, MathWorks,
Inc., Natick, MA, USA). Following review of the MR
images on PACS system, the largest cross-sectional slice
of the hepatic lesions greater than 1 cm in longest
diameter were selected and transferred to the texture
analysis program [15]. The region of interest (ROI) was
manually drawn along the tumor outer edge on axial T2-
weighted images and then further refined by the exclu-
sion of areas of great vessels with an agreement of two
radiologists (with 3 and 13 years of experience in
abdominal MRI, respectively). The reviewers were blin-
ded to clinical information.

For each ROI, five histogram features (mean, vari-
ance, skewness, kurtosis, and entropy1) and five gray
level co-occurrence matrix features (GLCM; angular
second moment (ASM), entropy2, contrast, correlation,
and inverse difference moment (IDM)) were extracted
using this texture analysis software. Histogram statistics
are calculated from the original image values and known
as ‘‘first order’’ texture measures. The GLCM described
here are used as a series of ‘‘second order’’ texture cal-
culations, meaning that they consider the relationship
between groups of two pixels in the original image. All
the texture parameters are defined mathematically in
Table 2. As the definitions have showed, higher variance,
skewness, kurtosis, entropy1, contrast, entropy2 and
lower ASM, correlation, IDM suggest increased hetero-
geneity within a ROI.

Response evaluation

Chemotherapy response was determined by evaluating
the changes in tumor size on a lesion-by-lesion basis. The
maximum diameter of tumor was measured to the
nearest millimeter on axial T2-weighed scans. We divided
the response into two groups [16]: the responding group
(‡ 30% reduction in the maximum transverse diameter)
and non-responding group (< 30% reduction in the
maximum transverse diameter).

Statistical analysis

The texture parameters of tumors were statistically
analyzed to find the differences in baseline MR his-
togram parameters between the two groups. Mean values
of the ten parameters were compared between the groups
of responding and non-responding using Student’s t test
or Mann–Whitney U test when not normally distributed.
The potential predictive parameters to differentiate the
responding group from the non-responding group were
subsequently tested using multivariable logistic regres-
sion analysis. A P value of less than 0.05 was considered
significant. The diagnostic ability of the texture param-

66 H. Zhang et al.: MR texture analysis: potential imaging biomarker



eters to predict the treatment outcome was assessed by
receiver-operating characteristic (ROC) curve analysis.
All data were analyzed using SPSS (version 21.0; Chi-
cago, IL, USA) and MedCalc (version 12.7.2; Ostend,
Belgium).

Results

Patients and lesions

A total of 26 consecutive patients (12 F/14 M, mean age
58.5 ± 9.7 years) who met the criteria were recruited
from our hospital between August 2014 and February
2016. All patients underwent baseline standard MRI
followed by the first-line chemotherapy using FOLFOX
(n = 9), FOLFIRI (n = 12), or XELOX (n = 5). The

number of liver metastatic lesions was stratified into: 1–4
(10 patients), 5–10 (7 patients), or > 10 (9 patients). In
all patients, 107 responding (Fig. 1) and 86 non-re-
sponding (Fig. 2) lesions were evaluated.

Texture statistics

The mean values of the five histogram parameters and
five GLCM parameters are provided in Table 3. Vari-
ance, entropy1, contrast, and entropy2 were statistically
higher in the responding group than in the non-re-
sponding group (P < 0.05). ASM, correlation, and IDM
of the responding group were independently lower than
those of the non-responding group (P < 0.05). How-
ever, the mean (P = 0.186), skewness (P = 0.311), and

Table 1. MR sequence and parameters

Parameter T1WI T2WI LAVA LAVA

Sequence Gradient echo Fast spin echo Gradient echo Gradient echo
Orientation Axial Axial Axial Coronal
Breath-hold Yes No Yes Yes
Fat saturated No Yes Yes Yes
Repetition time (ms) 230 6315.8 2.588 3.136
Echo time (ms) 2.432 86.5 1.2 1.512
Flip angle (degrees) 85 – 15 11
Field of view (mm2) 380 9 380 380 9 380 370 9 370 420 9 420
Matrix 320 9 160 320 9 192 260 9 224 260 9 192
Section thickness (mm) 7 7 5 4
Intersection gap (mm) 2 2 0 0

Table 2. Texture parameters and definitions

Parameters Formulas Definitions

Histogram
Mean l ¼

PL�1

i¼0

iHðiÞ Average pixel value

Variance r2 ¼
PL�1

i¼0

ði� uÞ2HðiÞ Variation from mean gray-level value

Skewness ls ¼ 1
r3

PL�1

i¼0

ði� uÞ3HðiÞ Asymmetry of histogram

Kurtosis lk ¼ 1
r4

PL�1

i¼0

ði� uÞ4HðiÞ Peakness or pointedness

Entropy1 le ¼
PL�1

i¼0

HðiÞ log2 HðiÞ½ � Irregularity or complexity of pixel intensity

ASM ASM ¼
PN�1

i;j¼0

P2
i;j Orderliness of the GLCM matrix elements

Entropy2 ENT ¼
PN�1

i;j¼0

Pi;j � lnPi;j

� �
Complexity of the GLCM matrix elements

GLCM
Contrast CON ¼

PN�1

i;j¼0

Pi;j i� jð Þ2 Variation of the GLCM matrix elements

Correlation COR ¼
PN�1

i;j¼0

Pi;j
i�lið Þ j�ljð Þffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

r2
ið Þ r2jð Þ

p

" #

Correlation of the GLCM matrix elements

IDM IDM ¼
PN�1

i;j¼0

Pi;j

1þ i�jð Þ2 Homogeneity of the GLCM matrix elements

H(i) is a normalized histogram vector; L denotes the number of intensity levels; Pi,j is a normalized vector of the matrix; N denotes the number of
rows or columns
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kurtosis (P = 0.763) did not show significant differ-
ences between the two groups.

Variance (P < 0.001) and ASM (P = 0.001) re-
mained potential predictive values to discriminate
responding from non-responding lesions when tested
using multivariable logistic regression analysis. ROC

curve analyses were performed to evaluate the perfor-
mance to predict the response to chemotherapy. Corre-
sponding areas under the ROC curves (AUCs) and the
associated criteria, sensitivities, specificities, positive
predictive values, and negative predictive values, are
shown in Table 4 and Fig. 3. Among them, the highest

Fig. 1. Responding hepatic metastasis A before and B after
receiving four cycles of chemotherapy. C Regions of interest
were manually circumscribed for all high-signal areas on

lesion seen at T2-weighted imaging. Corresponding texture
features were automatically extracted by the software
program.

Fig. 2. Non-responding hepatic metastasis A before and
B after receiving four cycles of chemotherapy. C Regions of
interest were manually circumscribed for all high-signal areas

on lesion seen at T2-weighted imaging. Corresponding
texture features were automatically extracted by the
software program.
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AUC of the predictor (PRE1) from the association of
variance and ASM was 0.814, with good sensitivity
(71.0%) and specificity (84.9%).

Discussion

In this study, we found that MR texture features derived
from histogram and GLCM quantified on T2-weighted
images correlated with the chemotherapeutic response of

patients with CRLMs. The data showed that responding
lesions had higher baseline variance and lower ASM than
non-responding lesions. The highest AUC of the pre-
dictor from the association of variance and ASM reached
0.814, with good sensitivity (71.0%) and specificity
(84.9%).

As higher variance and lower ASM correlate with the
complexity and non-uniformity of image texture, which
in turn reflect tumor heterogeneity. The results of our
study suggest that heterogeneous tumors seem to have a
more favorable response to therapy, which may be re-
lated to the hypoxic micro-environment, irregular
angiogenesis, and extracellular vascular permeability that
are characteristic of these tumors. Thus, to some extent,
heterogeneous tumors have a higher metabolic burden
and greater distribution of tumor blood vessels [17, 18].

The effect of chemotherapy relies on the delivery of
chemotherapeutic agents, which is associated with vas-
cular supply to and the metabolism of metastatic liver
cells. Theoretically, tumors with greater heterogeneity
can provide a wealth of information on therapeutic re-
sponse, which can be used to make efficacy predictions,
to more effectively deliver chemotherapy drugs to the
lesions and to improve drug absorption and bioavail-
ability.

The association between the texture features derived
from medical imaging and clinical outcomes such as
therapeutic response and survival has already been pro-
ven in a variety of tumor types [7–9, 19, 20]. There are
also some reports showing that texture parameters de-
rived from CT images are conducive to predicting the
chemotherapy response of patients with CRLMs [11–13].

Table 3. Differences of texture analyses between responding group and non-responding group

Texture Parameters Responding group Non-responding group P value

Histogram Mean 96.75 ± 22.34 92.19 ± 25.35 0.186
Variance 446.07 ± 329.60 210.23 ± 183.39 < 0.001

Skewness 0.34 ± 0.83 0.22 ± 0.74 0.311
Kurtosis 3.76 ± 1.71 3.69 ± 1.64 0.763
Entropy1 5.69 ± 0.64 5.47 ± 0.51 0.008

GLCM ASM 0.96 ± 0.02 0.98 ± 0.01 < 0.001

Entropy2 0.14 ± 0.09 0.07 ± 0.03 < 0.001

Contrast 0.20 ± 0.14 0.08 ± 0.08 < 0.001

Correlation 4.13 ± 7.67 8.56 ± 9.62 0.001

idm 0.96 ± 0.03 0.98 ± 0.01 < 0.001

Significant results are printed in bold

Table 4. Diagnostic performance of texture parameters in predicting response to chemotherapy in patients with CRLMs

Parameters AUC (95% CI) Associated criterion Sen (%) Spe (%) PPV (%) NPV (%)

Variance 0.729 (0.661–0.790) > 367.7 54.2 87.2 84.1 60.5
ASM 0.773 (0.707–0.830) £ 0.96539 64.5 87.2 86.2 66.4
PRE1 0.814 (0.752–0.867) > 0.56576 71.0 84.9 85.4 70.2

AUC, area under the ROC curve; 95 %CI, 95% confidence interval; Sen, sensitivity; Spe, specificity; PPV, positive predictive value; NPV, negative
predictive value

Fig. 3. Receiver-operating characteristic (ROC) curves for
prediction of response to the chemotherapy.
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Some previously published data lend support to the re-
sults of our study. For example, in a study evaluating 77
patients with CRLMs and assessing texture features de-
rived from CT [11], texture parameters were correlated
with tumor grade, baseline serum CEA, KRAS mutation
status and overall survival, their result demonstrated that
more homogeneous tumors with less entropy and smaller
standard deviation were more aggressive in their biology
(higher tumor grade and poorer overall survival). To the
best of our knowledge, until now, only one published
study has evaluated CRLMs by MR texture analyses
[21]. In contrast to our results, they found that the mean
of the responding group were significantly lower than
that of the non-responding group (P = 0.001), but no
significant differences in variance, skewness ,and kurtosis
were found between the two groups [21]. A possible
contributing factor might be that, in their study his-
togram parameters were quantized on apparent diffusion
coefficient (ADC) maps performed on a 1.5T MR sys-
tem. Different MR scanners with different acquisition
parameters may also affect the texture measurements.

The vast majority of patients with CRLMs are ineli-
gible for surgical resection and are instead recommended
the first-line chemotherapy, including FOLFOX, FOL-
FIRI or XELOX. However, almost half of the patients
with CRLMs exhibit no therapeutic response even after
administration of the first-line chemotherapy [22, 23].
For these individuals, the addition of targeted agents
such as bevacizumab or cetuximab may prolong the
progression-free survival [24]. Hence, the prediction of
chemotherapy response as early as possible is important
for clinical treatment decisions and to screen suit-
able patients. Size-based measurements are restrictive in
therapeutic response predictions [25]. Additional criteria
such as density and enhancement pattern, may provide
more information but fail to provide a quantifiable
measure of response [26–28]. Texture analyses may en-
able the extraction of more useful quantization param-
eters from the image. The results of this study showed
that the baseline MR texture features of histogram and
GLCM were associated with the response to
chemotherapy.

There are several limitations in our study. First, the
study is limited by its small sample size and retrospective
background. Second, only a single slice of the hepatic
metastatic lesion was assessed, which may not adequately
represent the heterogeneous characteristics of the whole
tumor. Although previous studies comparing 2D vs. 3D
measurements of single lesions reported quite compara-
ble results [13, 15]. Furthermore, therapeutic response
was determined on a lesion-by-lesion basis by evaluating
changes in tumor size after chemotherapy, which does
not accurately reflect the pathological chemotherapeutic
response. Ideally, the response of individual lesions
should be correlated to surgical findings and pathologi-
cal results. However, the vast majority of patients in the

study presented with multiple metastases and were thus
excluded from surgery. Further studies are needed that
include more cases with corresponding pathological
information and clinical outcomes after chemotherapy.

Conclusion

Pretreatment response evaluations using imaging studies
may benefit therapeutic decision making. MR texture
analysis on T2-weighted images is a non-invasive tech-
nique to extract tumor heterogeneity information from
standard MR images without the need for contrast agent
injection. Our results suggest that pre-therapeutic MR
texture features have the potential to predict the thera-
peutic response of colorectal liver metastases. However,
larger-scale prospective studies are needed to establish its
clinical application.
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