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Abstract

Objective To investigate the prognostic value of baseline magnetic resonance imaging (MRI) texture analysis of hepatocel-
lular carcinoma (HCC) treated with transcatheter arterial chemoembolization (TACE) and microwave ablation (MWA).
Methods MRI was performed on 102 patients with HCC before receiving TACE combined with MWA in this retrospective
study. The best 10 texture features were screened as a feature group for each MRI sequence by MaZda software using mutual
information coefficient (MI), nonlinear discriminant analysis (NDA) and other methods. The optimal feature group with the
lowest misdiagnosis rate was achieved on one MRI sequence between two groups dichotomized by 3-year survival, which
was used to optimize the significant texture features with the optimal cutoff values. The Cox proportional hazards model
was generated for the significant texture features and clinical variables to determine the independent predictors of overall
survival (OS). The predictive performance of the model was further evaluated by the area under the ROC curve (AUC).
Kaplan—Meier and log-rank tests were performed for disease-free survival (DFS) and Local recurrence-free survival (LRFS).
Results The optimal feature group with the lowest misdiagnosis rate of 8.82% was obtained on T2WI using MI combined
with NDA feature analysis. For Cox proportional hazards regression models, the independent prognostic factors associated
with OS were albumin (P =0.047), BCLC stage (P=0.001), Correlat;, _ yr, (P=0.01) and SumEntrp; yr, (P=0.015),
and the prediction efficiency of multivariate model is AUC =0.876, 95%CI=0.803-0.949. Kaplan—Meier analyses further
demonstrated that BCLC (P <0.001), Correlat, _ yr, (P=0.023) and SumEntrp; o r, (P <0.001) were associated with DFS,
and BCLC (P=0.007) related to LRFS.

Conclusions MR imaging texture features may be used to predict the prognosis of HCC treated with TACE combined with
MWA.
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Abbreviations
HCC Hepatocellular carcinomas

TACE  Transcatheter arterial chemoembolization
MWA  Microwave ablation

ROC Receiver operating characteristic

DFS Disease-free survival

oS Overall survival

ROI Region of interest

GLCM Gray level co-occurrence matrix
PVP Portal venous phase
Introduction

Hepatocellular carcinoma (HCC) is a highly aggressive
malignant tumor, and one of the leading causes of cancer
death. It ranks eighth in incidence for women and fifth for
men with an annual incidence of more than 660,000 new
cases worldwide [1, 2]. Transarterial chemoembolization
(TACE) is the first treatment option for patients with unre-
sectable HCC [3, 4]. It is widely accepted as a means to
control tumor growth and to prolong survival in patients
with unresectable HCCs. But the complete necrosis rate
of tumors after TACE is between 10 and 0% [5, 6]. Failure
to completely occlude the tumor-supplying artery because
of angiogenesis around the residual tumor is the major
cause of treatment failure. Hence, combination strategies
that use both embolization and ablative methods, such as
microwave ablation (MWA), have emerged to improve the
clinical outcomes of TACE [7].

Previous studies on HCC have reported that the clinical
efficacy of TACE combined with MWA is better than that
of either therapy alone [8, 9]. Assessing survival outcomes
using clinicopathological data have limited prognostic
value due to a lack of detailed quantitative parameters.
Identifying reliable quantitative prognostic markers, there-
fore, remains a difficult but essential goal.

Texture analysis evaluates the heterogeneity of a tumor
by quantifying the gray level intensity or position of the
pixels in an image [10, 11]. Recent studies showed that
texture analysis could offer information on the tumor
microenvironment and help predict pathological charac-
teristics, overall survival (OS), and response to therapy
[11-13]. Magnetic resonance imaging (MRI) is widely
used to detect and characterize liver lesions, and to moni-
tor and predict the treatment response of hepatic tumors
[14, 15]. However, to the best of our knowledge, no study
has used MRI-based texture analyses to predict progno-
sis after TACE combined with MWA. The purpose of our
study is to assess the value of pre-therapeutic MRI texture
analysis in predicting the prognosis of HCC after combina-
tion therapy.

Materials and methods
Patients

This retrospective single-center study was approved by
the Medical Ethics Committee of our institution, and the
requirement for informed consent was waived.

The study population consisted of 102 patients diag-
nosed with HCC according to the American Association for
the Study of Liver Disease between January 1, 2013, and
September 1, 2018. All patients were treated with TACE
combined with MWA in our hospital (Fig. 1). All included
Patients’ characteristics are shown in Table 1. The inclu-
sion criteria were as follows: (1) no previous treatment; (2)
Barcelona Clinic Liver Cancer (BCLC) stage: 0, A, or B; (3)
postoperative survival >2 months; and (4) received TACE
and MWA at our institution. Exclusion criteria were as fol-
lows: (1) initially diagnosed with CT, not MRI; (2) HCC
after surgical treatment; (3) with history of other cancers; (4)
death unrelated to HCC; (5) Lost to followed-ups; (6) with
irregular follow-ups, no sufficient data for evaluating OS and
prognostic factors; and (7) Serious MR image distortion.

Candidate clinical factors

We chose the following clinical features for the Cox pro-
portional hazard models: age, sex, hepatitis B viral infec-
tion (or other serotypes); Barcelona Clinic Liver Cancer
(BCLC) stage (0, A, or B); Child—Pugh class (A, B, or C);

Patients undergoing TACE combined with MWA for HCCs
between January 2013 and September 2015 (n = 493)

359 were excluded

1. patients who underwent dynamic CT rather than
MRI before treatment (n=337)

»| 2. patients with history of surgical treatment for
HCCs (n=18)

3. patients with history of other cancers (n=4)

y

134 patients

22 were excluded

. death unrelated to HCC (n= 6)
. lost to followed-ups (n=7)

. with irregular follow-ups (n=9)

-

(SR

112 patients

10 were excluded
Serious image distortion (n=10)

| 102 patients included for the final analysis

Fig. 1 Flowchart for screening HCC patients treated with TACE and
MWA in our hospital
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Table 1 Characteristics of the patients included in this study

Table 1 (continued)

Variables Number of patients Variables Number of patients
Gender 20~200 32 (31.4%)
Male 88 (86.3%) >200 28 (27.5%)
Female 14 (13.7%) AFP Alpha fetoprotein level, ALT alanine aminotransferase, TBIL
Age (y) total bilirubin, GGT glutamyl transferase, ALB albumin, ALP alkaline
<60 58 (56.9%) phosphatase, PT prothrombin time
>60 44 (43.1%) *After protecting the liver and relieving jaundice, Child—Pugh C class
BCLC stage was degraded to Child—Pugh B class, and the patient can tolerate the
0 7 (6.9%) following treatment
A 64 (62.7%) “Including 1 case of HCV, 1 case of cirrhosis due tf’ Sc.histoslomiasis,
1 case of Budd—Chiari syndrome, 2 case of alcoholic cirrhosis, and 8
B 31(30.4%) cases of unknown cause
Child-Pugh class ®Including 18 cases of two nodules, 6 cases of three nodules
A 86 (84.3%)
B 15 (14.7%)
c* 1(1.0%) maximum diameter (MD) of the lesion, number of lesions
Cause of disease (1, or> 1); proximity to a large vessel (yes or no: yes =tumor
HBV 89 (87.3%) margin is less than 5 mm from the portal vein, hepatic vein
Others* 13 (12.7%) or inferior vena cava and their branches (larger than 3 mm in
Closing to the extrahepatic organ diameter) or no=tumor margin is more than 5 mm from the
No 42 (41.2%) large vessels); proximity to extrahepatic organs (yes or no:
Yes 60 (58.8%) yes = tumor margin is less than 5 mm from the gastrointesti-
Closing to a large vessel nal tract, liver capsule, diaphragm, and kidney or no=tumor
No 49 (48.0%) margin is more than 5 mm extrahepatic organs); Alpha-feto-
Yes 53 (52.0%) protein level (AFP <20 ng/mL, 20-200 ng/mL or > 200 ng/
Tumor maximum diameter (cm) mL); alanine aminotransferase (ALT <40U/L or > 40U/L);
<3 43 (42.2%) total bilirubin (TBIL <20 pmol/L or>20 mol/L); glu-
3-5 32(31.4%) tamyl transferase (GGT <50 U/L or > 50 U/L); albumin
25 27 (26.5%) (ALB <35 g/L or> 35 g/L); alkaline phosphatase (ALP <65
Lesion number (V) U/L or> 65 U/L) and prothrombin time (PT < 13/s or> 13/s).
N=1 78 (76.5%)
N>1° 24 (23.5%) Therapy procedure
TBIL (pmol/L)
<20 70 (68.6%) TACE was performed within 2 weeks after the diagnosis of
>20 32 (31.4%) HCC. Patients were infused with lobaplatin (50 mg/m?), and
ALB (g/L) then iodized oil emulsion mixed with epirubicin (30 mg/m?);
<35 35 (34.3%) a microcatheter was then inserted into the tumor feeding
>35 67 (65.7%) artery. If necessary, gelatin sponge particles (150-350 pm)
ALT (U/L) were injected until the flow was static. Liver and kidney
<40 65 (63.7%) functions were evaluated after TACE to ensure safe MWA.
>40 37(36.3%) CT-guided MWA was sequentially performed at approxi-
ALP (U/L) mately 7 days after TACE. One or two 14 G antennae were
<65 48 (47.1%) inserted deep into the target lesion. The microwave power
>65 54 (52.9%) was set at 60—80 W, and the procedure lasted 1020 min. For
GGT(U/L) tumors with clear boundaries, the ablative volume enveloped
<50 42 (41.2%) the entire tumor including a 0.5-1.0 cm margin surround-
>50 60 (58.8%) ing normal tissue. For tumors with irregular shapes or with
PT(s) obscure boundary, the ablative volume enveloped the entire
<13 43 (42.2%) tumor with a margin of 1.0 cm or more. Multiple overlap-
>13 59 (57.8%) ping ablations were used for tumors > 3.5 cm. For irregular
AFP(ng/mL) tumors larger than 5.0 cm, enhanced CT within 3-7 days
<20 42 (41.2%)
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tissue that would require the second MWA. Vital signs such
as blood pressure, heart rate, and oxygen saturation were
monitored during the procedure. Hepatoprotective, anti-
inflammatory, analgesic, and symptomatic treatment were
prescribed after MWA.

Follow-up

The patients were followed up by telephone or clinical vis-
its 4 weeks after MWA and then every 3 months. Physical
examination, hepatic function tests, AFP level, and triphasic
contrast-enhanced CT or MRI were reviewed. The decision
was made regarding treatment response, evidence from cur-
rent guidelines, and the patients’ status and intention to treat.
For patients with tumor recurrence, an effective treatment
plan was determined by our multidisciplinary team (MDT).
Tumor recurrence included local and intrahepatic recur-
rence. Local tumor recurrence was defined as the presence
of enhancement within or around the treated area, and intra-
hepatic recurrence was the presence of enhancement outside
the treated area of the tumors > 1 month after treatment. OS,
local recurrence-free survival (LRFS), and disease-free sur-
vival (DFS) were also assessed. All recurrences were con-
firmed by CT or MRI. OS was defined as the time from
baseline MRI to death or end date. LRFS was defined as the
time from TACE to local recurrence, death, or end date. DFS
was defined as the time from TACE to local and intrahepatic
recurrence, death, or end date. Patients were followed up
until death or September 1, 2018, if they were still alive.

MR imaging protocol

The pre-therapeutic MR imaging was performed with a
3.0-T scanner (Achieva; Philips Medical Systems, Best,
the Netherlands) with a 16-channel dedicated phased-array
body coil. The abdominal MR protocol consisted of the
following sequences: (1) axial T2-weighted fat-suppressed
2D turbo-spin-echo (TSE); repetition time (TR)/echo time
(TE), 3000/70 ms; slice thickness, 5 mm; slice gap, 1.1 mm;

Fig.2 An example of ROI
segmentation and VOI genera-
tion on T2WI. a Shows that the
2D region of interest (ROI) was
delineated manually on a T2W
image. b Presented that 3D
view was generated automati-
cally based on all 2D ROIs of
the tumor

matrix, 320 x 280; (2) axial T1-weighted and contrast-
enhanced imaging: TIWI three-dimensional turbo field
echo sequence (T1 high-resolution isotropic volume exami-
nation, THRIVE, Philips Healthcare) was performed before
and after injection of gadopentetate dimeglumine (Magne-
vist; Bayer Healthcare, Germany, 0.1 mmol/kg) at a rate of
2 ml/sec followed by a 20-ml saline flush with the following
parameters: TR/TE: 4.1/1.4 ms, slice thickness: 1 mm, no
slice gap, matrix: 252 x 198, hepatic arterial phase (HAP),
portal venous phase (PVP), and equilibrium phase images
were obtained at 20-30 s, 70-80 s, and 180 s after contrast
medium injection, respectively.

For enhanced MR imaging, only PVP images were
selected and reconstructed to obtain texture features [16].
Thus, in our study, contrast-enhanced T1-weighted PVP
images reconstructed with 3 mm thickness, T1-weighted
images and T2-weighted images, were transferred to per-
sonal computers for texture analyses.

Texture features extraction and selection

All the BMP format images, including T1-weighted images
(T1WI), T2-weighted images (T2WI) and contrast-enhanced
T1WI in portal venous phase (PVP), were transferred into
the MaZda program (http://www.eletel.p.lodz.pl/programy/
mazda/index.php?action = mazda) for texture analysis. The
region of interest (ROI) on the MR parametric maps can-
not be utilized automatically by MaZda. Thus, one radiolo-
gist (J. L, with 11 years of experience in MRI)—blinded to
the clinical and pathological findings—manually traced the
tumor border on each axial map, to obtain the correspond-
ing two-dimensional (2D) ROI for each map. Both the most
superior and the most inferior slices for each tumor were
excluded to avoid volume averaging. Based on all the ROIs
from the tumor, a three-dimensional (3D) volume of inter-
est (VOI) was generated automatically (Fig. 2). For each
VOlI, a total of 229 texture features was extracted automati-
cally by MaZda [17]. Nine first-order texture features were
described by the histogram of the signal intensity values of
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pixels in the VOI. 220 s-order texture features (gray level
co-occurrence matrix features, GLCM) were derived from
20 co-occurrence matrices produced from 4 directions and
5 inter-pixel distances in the VOI (Table 2).

The discriminant analysis was done with the Mazda soft-
ware. The best 10 texture features that predicted 3-year sur-
vival were screened out using the following statistical meth-
ods: Fisher coefficient, classification error probability with
average correlation coefficients (POE + ACC), and mutual
information coefficient (MI), respectively. Then texture clas-
sification was done using the B11 module in the Mazda soft-
ware. Three different methods, including the principal com-
ponent analysis (PCA), linear discriminant analysis (LDA),
and nonlinear discriminant analysis (NDA), were applied to
calculate the error rate for predicting 3-year survival (Fig. 3).
The optimal feature group with the lowest misdiagnosis rate
was obtained on one MRI sequence and was used for further
analysis.

Statistical analysis

SPSS, version 20.0 (IBM SPSS, Armonk, NY, USA) and
the R software, version 3.5.1 (R Foundation for Statisti-
cal Computing, Vienna, Austria) were used for statistical
analyses. P <0.05 was regarded as statistically significant.
The differences in the values of texture features in the opti-
mal feature group dichotomized by 3-year survival were

Table 2 Information about texture features

Image acquisition

|

VOl selection

MR scanner

/’

Image normalization

Mazda program
v

Feature extraction

y

Feature selection

Data preprocessin

B11 program v

Texture classification

Fig.3 Main steps of MR image texture analysis

Feature category Name Description

First-order texture features Mean Average intensity across the VOI
Variance Dispersion from the mean value
Skewedness Asymmetry
Kurtosis Peakedness or pointedness

Perc1%, Perc10%, Perc50%, Perc90% and Perc99%

GLCM features Entropy
AngScMom (angular second moment)

DifEntrp (difference entropy)
Difvarnc (difference variance)

InvDfMom (inverse difference moment)
SumAverg (sum average)

SumEntrp (sum entropy)

SumOfSqs (sum of squares)
SumVarnc (sum variance)

Contrast
Correlat

MR number percentiles indicate the attenuation value below
which each percentage of voxels in the respective VOI area
lie

Measure of the randomness of the gray levels
Measure of image homogeneity

Measure of the randomness of
the difference of neighboring voxels’gray levels

Measure of variations of difference of gray levels between
voxel pairs

Measure of the image homogeneity
Measure of the overall image brightness

Measure of the randomness of the sum of gray levels of
neighboring voxels

Measure of the spread in the gray level distribution

Measure of the spread in the sum of
the gray levels of voxel pairs distribution

Measure of local image variations
Measure of image linearity
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investigated using independent-sample ¢-tests. The receiver
operating characteristic (ROC) was used to explore the diag-
nostic performance of these identified texture parameters by
independent-sample -tests, and to determine the cutoff value
that would yield the best sensitivity and specificity to predict
3-year survival. Univariate analysis was performed using
the Kaplan—-Meier method and log-rank test concerning 16
clinical factors affecting survival.

The texture features with statistical significance were
divided into two groups based on the cutoff value. These
significant texture features, and other significant clinical fac-
tors (screened by univariate analyses), were entered into a
multivariate regression analysis by Cox proportional hazards
model to predict OS (Method: forward LR; probability for
stepwise: entry variables <0.05, removal variables > 0.1).
To further identify the predictive performance of the multi-
variate Cox regression models for OS, we applied the area
under the ROC curve (AUC). Survival curves for LRFS and
DFS were obtained using the Kaplan—-Meier method and
log-rank tests.

Results

Among the 102 patients, 63 (61.8%) had tumor recurrence
(8 local tumor recurrence and 55 intrahepatic recurrences),
and 29 (28.4%) died by the end of the follow-up date. The
median survival time was 39 months (range 2—67). Three-
year OS rate was 73.5% (75/102), and the 3-year recurrence
rate was 53.9% (55/102).

With regard to clinical factors, univariate analyses
included: age (P =0.590), sex (P=0.661), type of viral hep-
atitis (P=0.693), BCLC stage (P <0.001), Child—Pugh class
(P=0.037), maximum tumor diameter (P <0.001), lesion
number (P =0.119), proximity to a large vessel (P=0.019),
proximity to an extrahepatic organ (P =0.088), AFP
(P=0.369), ALT (P=0.457), total bilirubin (P =0.065),
GGT (P=0.205), ALB (P=0.018), ALP (P=0.107), and
PT (P=0.269). Subsequently, BCLC stage, Child—Pugh
class, maximum tumor diameter, proximity to a large vessel,
and albumin (all P <0.05) were entered into Cox proportion
hazards models.

The best 10 texture features were obtained for each MRI
sequence, and the optimal feature group with the best predic-
tive performance was obtained on T2WI. MI combined with
NDA feature analysis, showed that the group with optimal
features has the lowest misdiagnosis rate (8.82%) (Table 3).

In the optimal feature group, 9 out of 10 texture features
showed a distinct difference (P <0.05) between the two
groups dichotomized by 3-year survival. For these signifi-
cant texture features, the AUC was 0.672-0.760 with univar-
iate analysis for predicting the 3-year survival (Table 4). For
the results of Cox proportional hazards regression models,

Table3 Comparing the minimum misdiagnosis rate in three MR
sequences using the selective feature methods combined with differ-
ent feature analysis methods between two groups dichotomized by
3-year survival

PCA (n (%)) LDA (n (%)) NDA (n (%))
T1WI
FiSher 18 (17.64%) 32 (31.37%) 16 (15.69%)
MI 31 (30.39%) 21 (20.59%) 21 (20.59%)
POE+ACC 33 (32.35%) 20 (19.60%) 15 (14.70%)
T2WI
FiSher 32 (31.37%) 31 (30.39%) 13 (12.75%)

MI 34 (33.33%) 31 (30.39%) 9 (8.82%)"

POE + ACC 33 (32.35%) 21 (20.59%) 16 (15.69%)
T1WI enhanced

FiSher 35 (34.31%) 34 (33.33%) 21 (20.59%)

MI 23 (22.54%) 17 (16.66%) 12 (11.76%)

POE+ ACC 15 (14.70%) 30 (29.41%) 11 (10.78%)

n=the case of misdiagnosis, % =the minimum misdiagnosis rate,
FiSher=Fisher coefficient, POE+ ACC =classification error prob-
ability combined with average correlation coefficients

MI mutual information coefficient, PCA principal component analy-
sis, LDA linear discriminant analysis, NDA nonlinear discriminant
analysis

$The lowest misdiagnosis rate

the independent prognostic factors associated with OS were
albumin, BCLC stage, Correlat(l,_ 1y SumEntrpG!O), with an
AUC value of 0.876, 95% CI=0.803-0.949 (Table 5). For
the Cox proportional hazards regression models, a polyno-
mial equation is used as follow: h(X,r) = h0(f)exp(1 38x!+0.
774x* +1.080x° + 1 .009x4). 23t represent respectively
the BCLC stage, albumin <35 g/L, Correlat(l,_ H= 0.978,
SumEntrp 5 o) > 1.282.

For albumin; using the Kaplan—Meier method and log-
rank tests, the negative group (n=67; 14 deaths and 38
recurrences (5 local recurrences)) and the positive group
(n=35; 15deaths and 25 recurrences (3 local recurrences))
had no statistically significant difference in DFS (y*=2.286;
P=0.131) and LRFS (4*=0.057; P=0.811).

For BCLC; stage 0 (n=7; 0 deaths and 4 recurrences (0
local recurrences)), stage A (n=64; 11 deaths and 33 recur-
rences (2 local recurrences)), stage B (n=31; 18 deaths and
26 recurrences (6 local recurrences)) had statistically sig-
nificant differences in DFS (y*=17.980; P <0.001) (Fig. 4a)
and LRFS (y*=10.038; P=0.007) (Fig. 4b).

For T2WI Correlat, _ ) (range: 0.737-0.996) divided by
the threshold of 0.978; the lower group (n=_86; 17 deaths
and 50 recurrences (5 local recurrences)) and the higher
group (n=16; 12 deaths and 13 recurrences (3 local recur-
rences)) had significant differences in DFS (y*=5.136;
P=0.023) (Fig. 4c), but no significant difference in LRFS
(*=3.473; P=0.062).
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Table 4 Differences in the optimal texture features on T2W imaging between two groups dichotomized by 3-year survival

Texture features on T2ZWI >3 years <3 years P value Cutoff value  Sensitivity  Specificity ~AUC (95%CI)
SumEntrp(2,0) 1.206+0.123 1.319+0.175 0.004* 1.250 70.37% 72.00% 0.709 (0.610-0.794)
Correlat(1,— 1) 0.933+0.049 0.956+0.036 0.032* 0.978 44.44% 94.67% 0.672 (0.572-0.762)
Entropy(3,0) 1.441+£0.173 1.595+0.250 0.006*% 1.619 51.85% 86.67% 0.702 (0.603-0.788)
SumEntrp(3,0) 1.108+0.136 1.245+0.194 0.002* 1.282 51.85% 89.33% 0.720 (0.622-0.804)
Entropy(4,0) 1.408+0.177 1.589+0.238 0.001* 1.622 51.85% 90.67% 0.729 (0.632-0.812)
SumEntrp(4,0) 1.054 +£0.141 1.211+0.185 <0.001* 1.075 77.78% 65.33% 0.753 (0.657-0.833)
SumEntrp(0,4) 1.075+0.186 1.241+0.172 <0.001* 1.222 66.6% 78.6% 0.760 (0.665-0.839)
Entropy(5,0) 1.370+0.189 1.564 +0.247 <0.001* 1.531 55.56% 82.67% 0.724 (0.627-0.808)
SumEntrp(5,0) 1.000+0.160 1.162 +0.201 <0.001* 1.105 62.96% 78.67% 0.736 (0.640-0.819)
SumAuverg(2,0) 49.642+10.517 49.230+6.323 0.811 - - - -

Texture features =the optimal feature group. The values of texture features =the mean value +standard deviation for texture features. The num-

ber in the parenthesis for texture features on T2WI represented the coordinate of the matrix

AUC area under the curve, CI confidence interval

“Statistical significance

Table 5 Multivariate analysis for overall survival with Cox propor-
tional hazards model

Parameter B SE P value Wald HR (95%CI)
BCLC stage 1.380 0.404 0.001 11.648 3.977(1.800—
8.786)
ALB 0.774 0.389 0.047 3962 2.168(1.012-
4.646)
Correlat (1,— 1) 1.080 0.420 0.010 6.611 2.944(1.293-
6.705)
SumEntrp (3,0) 1.009 0.413 0.015 5.951 2.742(1.219-
6.166)

The number in the parenthesis represented the coordinate of matrix in
various second-order texture features

BCLC Barcelona Clinic Liver Cancer, ALB albumin, B partial
regression coefficient, SE standard error, Wald=Wald coefficient,
HR =hazard ratio, CI confidence interval

For T2WI SumEntrp,; ) (range: 0.709-1.601) divided by
the threshold of 1.282, the lower group (n=80; 14 deaths and
43 recurrences (6 local recurrences)) and the higher group
(n=22; 15 deaths and 20 recurrences (2 local recurrences))
had statistical differences in DFS ()(2=29.575; P <0.001)
(Fig. 4d), but no significant difference in LRFS ()(2 =0.192;
P=0.661).

Therefore, three parameters (BCLC stage, Correlat; _
and SumEntrp; 5, on T2WT) were significantly associated with
DEFS. In addition, one BCLC stage was significantly associated
with LRFS.

@ Springer

Discussion

TACE sequentially combined with MWA has been widely
accepted as an effective treatment option for surgically
unresectable HCC. To evaluate the prognosis of HCC after
this combination treatment, we collected clinical data and
pre-therapeutic MRI texture features of 102 patients. In our
study, texture features obtained from T2W images had the
least misdiagnosis rate of 8.82%, and therefore, had the best
performance in predicting 3-year survival. This result is
consistent with a previous study [18]. T2WI has a dynamic
range of images with the lowest signal intensity being 0 and
the highest determined by bile. Since the highest and lowest
signal intensities can always be determined by the above
two elements, the calculation of texture features from T2WI
may be more reliable than from T1WI and enhanced TIWI.

Medical images provide sufficient information about
tumor morphology as well as heterogeneity to enable tumor
characterization and prognostication. Texture analysis pro-
vides crucial information regarding a tumor by evaluating
its heterogeneity [19]. Texture quantification of MR images
is useful in characterizing liver lesions, especially the atypi-
cal HCC in a non-cirrhotic liver where the diagnosis can be
challenging even with the liver-specific contrast-enhanced
MRI [20]. The clinical value of texture analysis cannot
be overemphasized: it has been used to predict the HCC
response after TACE [21], to determine the most appropriate
treatment option between liver resection and TACE [22]and
prevent unnecessary treatment.

In our research, three texture feature classifications
(SumEntrp, Entropy, and Correlat) are vital prognostic fac-
tors for HCC treated with TACE and MWA. Our findings
are similar to previous studies, which showed that high het-
erogeneity on MRI maps is usually a sign of poor outcome
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[23-26]. Kolarevic et al. showed that SumEntrp(Sum
Entropy)—a reflection of internal pixel distribution pat-
terns—is a vital measure of tissue heterogeneity [23]. Kim
et al. [24] suggested that higher Entropy on T2WI exhib-
ited poorer recurrence-free survival in patients with breast
cancer. Also, compared with other conventional prognos-
tic parameters, Entropy appears to be the most robust and
strongest independent predictor of 2-year progression-free
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Period

survival in patients with non-small cell lung cancer [25].
Meyer et al. found that Correlat had the best correlation
with Ki67 index (r=0.75), which was the clinically most
relevant marker for predicting the proliferative activity of
tumors [26].

Texture features are classified into first-, second- and
higher-order statistics. The first-order statistics, based on
histogram analysis, reflect the intensity distribution of a
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VOI. The second-order statistics (an example is GLCM),
such as SumEntrp, Correlat and Entropy, can reflect the
spatial relationship between gray values; and is promis-
ing in predicting the therapeutic response and prognosis
of many kinds of tumors [27, 28]. For the first-order tex-
ture features, previous studies [29, 30] showed that Vari-
ance and Skewness indicate high tumor heterogeneity, and
predict poor patient prognosis. However, none of them is
included in the optimal feature group in our study because
GLCM provides more texture information about tumor
heterogeneity [31, 32] that is superior to the first-order
features in predicting the prognosis of HCC. SumEntrp; o,
and Correlat(, _ ;) were the independent predictors of OS
in patients with HCC after TACE combined with MWA.
Therefore, the GLCM features may be as powerful as clini-
cal variables in predicting the prognosis of malignancies
including HCC.

The BCLC stage and albumin were independent prognos-
tic factors associated with OS, and the BCLC stage was also
associated with DFS. The BCLC staging system is widely
used by clinicians because it incorporates multiple variables,
including tumor size, hepatic function, and performance sta-
tus of patients with HCC [33]. Our analysis showed that OS
of patients with BCLC stage 0 (n=7) and A (n=64) was
longer compared to patients with BCLC stage B (n=31).
DFS and LRFS of patients with BCLC stage 0 (n=4 (DFS);
n=0 (LRFS)) and A (n=33 (DFS); n=2 (LRFS)) were
longer than that of stage B (n=26 (DFS); n=6(LRFS)).
Also, the prognosis of HCC is closely related to autoim-
munity and the level of inflammatory response. Preoperative
ALB reflects liver function status and immune level. Some
studies have suggested that the ALB level is an independ-
ent factor influencing the prognosis and recurrence of HCC
[34]. Therefore, attention should be paid to understanding
the preoperative ALB in predicting the prognosis of HCC.

Our study had several limitations. First, it was a retro-
spective study prone to potential selection bias. Second,
we have a small sample size; 337 of 493 patients were
excluded because they had dynamic CT rather than MRI
before TACE combined with MWA. Third, we used a thick
slice reconstruction in our study, however, the variation in
the slice thickness of MR images doesn’t significantly affect
the robustness of texture features [35, 36]. Further studies
with larger patient populations, enhanced MRI features, and
molecular biological indicators are needed to analyze the
relevance between texture features and prognosis for HCC.

In conclusion, our study did not impose extra burdens on
patients, as we used routinely acquired MR images. Further-
more, there are four parameters associated with OS, three
associated with DFS, and one associated with LRFS. The
present study showed that the 3D texture features based on
MRI might be useful in predicting the prognosis of HCC
before starting TACE combined with MWA.
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