IR

Diagn Interv Radiol 2021; 27:424-431

MODALITY-BASED (US, CT, MRI, PET-CT) IMAGING

© Turkish Society of Radiology 2021

ORIGINAL ARTICLE

Prediction of lymph node metastasis in rectal cancer: comparison
between shear-wave elastography based ultrasomics and MRI

Meng-Fei Xian*
Xin Zheng*
Jian-Bo Xu

Xin Li

Li-Da Chen
WeiWang

From the Department of Medical Ultrasonics (M.F.X.),
East division of the First Affiliated Hospital of Sun
Yat-sen University, Guangzhou, China; Department
of Medical Ultrasonics (X.Z., L.D.C. < chenlda@mail.
sysu.edu.cn, WW. D4 wangw73@mail.sysu.edu.cn),
Ultrasonics Artificial Intelligence X-Lab, Institute

of Diagnostic and Interventional Ultrasound, The
First Affiliated Hospital of Sun Yat-Sen University,
Guangzhou, China; Department of Gastrointestinal
Surgery (J.B.X.), The First Affiliated Hospital of Sun
Yat-Sen University, Guangzhou, China; Research
Center of GE Healthcare (X.L.), Shanghai., China.

*Meng-Fei Xian and Xin Zheng contributed equally
to tis work.

Received 7 February 2020; revision requested 23
March 2020; last revision received 27 May 2020;
accepted 2 June 2020.

Published online 19 April 2021.

DOI 10.5152/dir.2021.20031

PURPOSE
We aimed to explore the diagnostic efficiency of shear-wave elastography (SWE) ultrasomics
in the preoperative prediction of lymph node (LN) metastasis in rectal cancer.

METHODS

This study included 87 patients with pathologically confirmed rectal cancer, with data gath-
ered from August 2017 to August 2018. A total of 1044 ultrasomics features of rectal tumor
were collected with AK software from the SWE examinations. The least absolute shrinkage
and selection operator (LASSO) regression model was used for feature selection and building
a SWE ultrasomics signature. The diagnostic performance was evaluated with an area under
the receiver operating characteristic curve (AUC) analysis. Then, the diagnostic performance
of the SWE ultrasomics signature was compared with magnetic resonance imaging (MRI).

RESULTS

Of the 87 patients, 40 (46.0%) had LN metastasis. Thirteen ultrasomics features of rectal tumor
were selected as the most significant features. The SWE ultrasomics signature correlated with
LN metastasis (p < 0.001). Patients with LN metastasis had higher signature than patients
without LN metastasis. In terms of diagnostic performance, SWE ultrasomics signature was
significantly superior to MRI (AUC, 0.883 vs. 0.760, p = 0.034). The diagnostic accuracy, sensi-
tivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of SWE
ultrasomics signature were 82.8%, 87.5%, 78.8%, 77.8%, and 88.1%, respectively, while those
of MRI were 75.9%, 77.5%, 74.5%, 72.1%, and 79.6%, respectively.

CONCLUSION

SWE ultrasomics is a more accurate predictive method for identifying LN metastasis preoper-
atively than MRI. Thus, SWE ultrasomics might be used to better guide preoperative individu-
al therapies for patients with rectal cancer.

olorectal cancer is the third most common cancer and the fourth frequent cause of

cancer death worldwide; approximately one-third of these tumors is rectal cancer

(1). Accurate identification of lymph node (LN) involvement is important in deter-
mining whether rectal cancer patients require preoperative neoadjuvant therapy (2, 3).
Therefore, accurate prediction of LN metastasis can provide valuable information and is
crucial for treatment decisions and prognosis (4).

According to ESGAR guidelines (European Society of Gastrointestinal and Abdominal Ra-
diology) 2016 recommendations, magnetic resonance imaging (MRI) is considered the gold
standard for rectal cancer staging (3, 5-7). However, MRl is not perfect for determination of
LNs status, and the criteria used to indicate LN metastasis may vary in different institutions
(8). A meta-analysis found MRI to be 77% sensitive (95% Cl, 69%-84%) and 71% specific
(95% Cl, 59%-81%) for detection of LN involvement (9). In addition, endoscopic ultrasonog-
raphy (EUS) is also a widely used method for patients with rectal cancer, but the accuracy
of EUS to identify LN involvement is inferior to that of both computed tomography (CT)
and MRI because of a lack of visualization of the entire mesorectum and the difficulty in
accurately distinguishing benign from malignant nodes based only on the shape, echo fea-
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ture and size criterion (10-13). Given these
limitations, neither MRI nor EUS is an ideal
method for diagnosing LN status in rectal
cancer.

Radiomics, extracted from CT, MRI, or
positron emission tomography images,
uses a set of quantitative features to de-
scribe the geometrical structure, intensity
distribution and texture of a region of in-
terest (ROI). These features include shape,
edge, and texture metrics, which can pro-
vide important insights into the tumor phe-
notype and the interaction of the tumor
with its microenvironment (14, 15). Similar-
ly, we have applied the concept to comput-
ing quantitative ultrasound imaging, a term
defined as “ultrasomics” (16). Shear-wave
elastography (SWE), an ultrasound elastog-
raphy technique that provides a real-time
two-dimensional (2D) quantifiable image
of tissue stiffness (17), has emerged as an
efficient tool in detection of malignancies.
The report of Wang et al. (18) confirmed
that the deep learning of elastography
showed a better prediction of liver fibrosis
staging compared with transient elastogra-
phy, 2D-SWE, and serological examinations.
Therefore, SWE-based ultrasomics has a
promising future in staging and prediction.

To our knowledge, there has been no study
that combines SWE and ultrasomics to predict
the LN metastasis. In order to build a robust
model, we hypothesized that SWE ultrasomics
could be a better option in LN status predic-
tion of colorectal cancer patients. Therefore,
the purpose of this study was to evaluate the
accuracy of LN metastasis identification be-
fore surgical resection using SWE ultrasomics
of primary tumor and compare it with MRI.

Methods

Patients
This prospective, single-center study
(clinical trial ChiCTR-DDD-16008940) was

¢ Ultrasomics based on shear-wave elastogra-
phy was used for preoperative prediction of
LN metastasis in patients with rectal cancer.

* Patients with LN metastasis had higher signa-
ture than patients without LN metastasis.

* SWE ultrasomics showed superior diagnostic
performance compared with MRI for identify-
ing the LN status.

¢ Ultrasomics can guide preoperative adjuvant
chemoradiation of rectal cancer patients.

approved by the Institutional Review
Board of our hospital, and has obtained
the informed consent from all individual
participants included in the study. From
August 2017 to August 2018, we enrolled
consecutive patients with rectal cancer in
our institution. In total, 87 patients with
rectal cancer were eventually included in
the study according to the inclusion and
exclusion criteria. Patients meeting the fol-
lowing criteria were included: a) tumor lo-
cated less than 15 cm from the anal verge,
within the scan feasibility; b) patients
deemed operable based on the determina-
tion of a multidisciplinary team discussion,
and surgical resection performed within 2
weeks after EUS and MRI examinations; c)
LNs dissected intraoperatively with patho-

logical confirmation; d) tumor confirmed
as rectal adenocarcinoma on histopathol-
ogy; and e) SWE and MRI both examined.
Exclusion criteria were as follows: a) history
of chemotherapy or surgical treatment for
rectal tumor; b) no pathological assess-
ment of LN metastasis; or c) no MRI. Fig. 1
shows the flowchart. Clinical and labora-
tory parameters of the study population
were recorded.

SWE image acquisition

The EUS and SWE image acquisitions
were obtained by a radiologist with at
least 5 years of experience in ultrasound
examinations and 3 years of experience
in SWE scans. The radiologist knew that
the patients had rectal lesions but was

151 patients with rectal lesions

(ERUS and SWE)

From August 2017 to August 2018,

examined with both MRI and US

15 patients previously received
chemoradiotherapy, radiotherapy,

4

136 patients with no
previous treatments

\ 4

or chemotherapy

31 patients did not receive radical
surgical resection within 2 weeks

4

105 patients received
surgical resection

A\ 4

after US and MRI

Patients diagnosed with other diseases
including rectal adenoma (n=13)

\ 4

and inflammatory lesion (n=5) were

y

Patients with LN metastasis
(n=40)

excluded
87 patients diagnosed as rectal
carnicoma were included, and all
LNs were dissected and assessed by
pathological examination
A
Patients without LN

metastasis (n=47)

Figure 1.The flowchart of patient selection. MRI, magnetic resonance imaging; US, ultrasonography;
ERUS, endorectal ultrasonography; SWE, shear-wave elastography; LN, lymph node.

SWE ultrasomics to predict lymph node metastasis in rectal cancer « 425



blinded to the results of the biopsy and
any imaging or endoscopy results. Sodi-
um phosphate was used to give an enema
to all patients without sedation, 2 hours
prior to the inspection. The EUS and SWE
images were acquired by using an SE12-3
intra-luminal transrectal high-frequency (8
MHz) probe (SuperSonic Imagine) and the
Aixplorer US diagnostic imaging system
(SuperSonic Imagine). Before the insertion
of the probe, 200-500 mL of 0.9% NaCl was
injected into the rectum to fully distend.
The settings were adjusted to specified
parameters at each examination, includ-
ing the gain, depth, focus, and time gain
compensation. After EUS scanning, the
supersonic shear-wave image was super-
imposed on the B-mode image to obtain
a fan-shaped region-of-interest, indicating
the beginning of SWE acquisition. Tissue
stiffness in the region of interest was rep-
resented by a color map ranging from blue
(soft tissue) to red (hard tissue). Settings
were adjusted to penetration, with the
maximum elasticity scale at 90-100 kPa.
The transducer was placed close to the tu-
mor without pression, and the image was
frozen when signal of the color map was
stabilized.

Acquisition of SWE ultrasomics features

The image that displayed the deepest
section of tumor infiltration into the rectal
wall was selected to place the color map of
the SWE. The SWE ultrasomics features of
rectal tumor were extracted using AK soft-
ware (Artificial Intelligence Kit, version X, GE
Healthcare). The AK software is an artificial
intelligence software for extracting ultra-
somics or radiomics features. After import-
ing one SWE image into AK software, the
radiologist who was unaware of the final
diagnosis, delineated a circular ROI cover-
ing the rectal tumor, and ran the program
of the software. Then, the software auto-
matically extracted the SWE ultrasomics
features from the ROI of the rectal tumor on
the SWE image.

A total of 1044 features were finally ex-
tracted from each single image of each
patient. All features were grouped under
the following categories: histogram pa-
rameters, grey level co-occurrence matrix
(GLCM) parameters, grey level run-length
matrix (GLRLM) parameters and texture
parameters, which can reflect the main fea-
tures of the focus of medical images com-
prehensively.

Intraobserver and interobserver
reproducibility of feature extraction

For testing the intraobserver reproduc-
ibility, ROIs of 30 patients randomly select-
ed from the training set were delineated by
the radiologist no. 1 with at least 5 years of
experience who performed the SWE ultra-
somics extraction 1 month later. Moreover,
to assess the inter-observer reproducibility
of SWE ultrasomics feature extraction, ROIls
of another 30 patients randomly selected
from the training set were delineated by two
radiologists (no. 1 and no. 2 with over 5 years
of experience) one month later.

MRI examination

The rectal MRI examination was performed
using a 3T MRI scanner (Magnetom Verio; Sie-
mens Healthcare) equipped with an 8-chan-
nel body-matrix coil. All patients were rou-
tinely injected intramuscularly with 20 mg of
anisodamine to minimize intestinal peristal-
tic movement. In order to display the bound-
ary of the tumor more clearly, 30-120 mL
of ultrasound gel was injected into the rec-
tum before the initial MRI scan. Gadolinium
(gadopentetate dimeglumine, Kangcheng)
was injected intravenously using a power
injector (Medrad) at 0.2 mmol/kg of body-
weight at a rate of 3.0 mL/s. Conventional
rectal MRl included axial, sagittal and coronal
T2-weighted turbo spin-echo (T2-TSE). It also
included T1-TSE and T2-TSE perpendicular
to the long axis of the rectum covering the
whole tumor. A prototype diffusion-weight-
ed imaging (DWI) sequence was performed
prior to gadolinium injection to acquire the
intravoxel incoherent motion data. A total of
14 b values (0, 5, 10, 20, 30, 40, 60, 80, 100,
150, 200, 400, 600, and 1000 s/mm?) were ap-
plied using a single-shot spin-echo echo-pla-
nar-imaging sequence.

An abdominal MRI radiologist with more
than ten years of experience reassessed the
following features of the LNs: shape, signal
heterogeneity, and diameter of the larg-
est LN on T2-weighted imaging, whether a
high-signal-intensity LN was detected on
DWI, and whether there was an enhance-
ment pattern in the arterial phase. Finally,
the malignancy of the LNs was estimated.
LNs on high-resolution MRI meeting any
of the following criteria were diagnosed as
metastasis: a) node with an irregular shape
and a heterogeneous signal on T2-weighted
imaging, b) node with high signal intensity
on DWI, and ¢) node with a high percent en-
hancement in the arterial phase (5, 19-21).

426. May-June 2021 - Diagnostic and Interventional Radiology

Histopathological examination

All the enrolled patients underwent sur-
gical resection of the tumor within 2 weeks
after EUS, SWE, and MRI examinations. The
tissue sections were assessed by a pathol-
ogist with more than 10 years of experi-
ence in gastroenterological diseases who
was blinded to any imaging or endoscopy
results. Referring to the guidelines of the
American Joint Committee on Cancer, the
pathologist determined the depth of tumor
infiltration and LN metastasis (22).

Statistical analysis

Statistical analyses were performed by
using R version 3.3.3. (http://www.r-project.
org/) and MedCalc (10.4.7.0). All statistical
tests were two-sided, and p values of less
than 0.05 were considered statistically sig-
nificant.

Categorical variables were compared
with the chi-square test. Continuous vari-
ables were compared with t test. Least ab-
solute shrinkage and selection operator
(LASSO) was used for data dimension re-
duction, feature selection, and ultrasomics
signature building. This method minimized
the residual sum of squares, subject to the
sum of the absolute value of the coeffi-
cients being less than a tuning parameter.
As the tuning parameter gets smaller, this
may cause some coefficients to be shrunk
towards zero or set to be zero. LASSO was
first used to select the most useful predic-
tive features from all features. Then, a re-
gression equation was established based
on the regression coefficients and parame-
ters of LASSO. A ultrasomics signature was
calculated for each patient via the regres-
sion equation. A receiver operating charac-
teristic curve (ROC) analysis was performed,
and the area under the receiver operating
characteristic curve (AUC) analysis was used
to evaluate the diagnostic performance. An
optimal cutoff value that maximized the
sum of the sensitivity and specificity was
used to calculate sensitivity, specificity,
positive predictive value (PPV), and nega-
tive predictive value (NPV). In addition, the
comparison between AUC curves was made
by the DelLong test using Medcalc statisti-
cal software, which was used to compare
the difference in diagnostic performance
between SWE ultrasomics and MRI.

The reproducibility of the intra- and interob-
server was assessed by the intraclass correla-
tion coefficient (ICC). An ICC >0.75 suggested
high consistency, 0.50-0.74 suggested moder-
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Table 1. Basic characteristics of patients

Characteristics LN metastasis (+) LN metastasis (-) p
Number of patients, n (%) 40 (46.0) 47 (54.0)
Gender, n (%) 0.507
Male 21 (52.5) 28 (59.6)
Female 19 (47.5) 19 (40.4)
Age (years), meanzSD (range) 58+13 (29-77) 61+10 (38-78) 0.196
Histologic T stage, n (%) 0.000*
T1/2 1(2.5) 22 (46.8)
T3/4 39 (97.5) 25(53.2)
Size 0.189
<3cm 7(17.5) 16 (34.1)
3-6cm 31(77.5) 30 (63.8)
>6 cm 2(5.0) 1(2.1)
Location, n (%) 0.124
Upper 17 (42.5) 13 (27.6)
Middle 14 (35.0) 14 (29.8)
Lower 9(22.5) 20 (42.6)
CEA, n (%) 0.138
Normal (< 5 ug/L) 21 (52.5) 32 (68.0)
Abnormal (> 5 ug/L) 19 (47.5) 15(32.0)
CA19-9 level, (%) 0.209
Normal (<35 U/mL) 38(95.0) 47 (100)
Abnormal (>35 U/mL) 2 (5.0 0(0)
Hemoglobin in stool, n (%) 0.775
Normal 5(12.5) 6(12.8)
Abnormal 35(87.5) 41 (87.2)
Transferrin in stool, n (%) 0.702
Normal 8(20.0) 11(23.4)
Abnormal 32(80.0) 36 (76.6)
White blood cells in stool, n (%) 0.989
Normal 34 (85.0) 40 (85.1)
Abnormal 6(15.0) 7 (14.9)
Red blood cells in stool, n (%) 0.360
Normal 32(80.0) 41(87.2)
Abnormal 8(20.0) 6(12.8)

The p value is derived from the comparison between the LN metastasis (+) and the LN metastasis (-), using the
student's t-test for age or chi-square test for other clinicopathologic variables.
LN, lymph node; SD, standard deviation; CEA, carcinoembryonic antigen; CA19-9, cancer antigen 19-9.

*p < 0.05.

ate consistency, and <0.50 suggested low con-
sistency. The p values of less than 0.05 indicate
differences between ICC and zero.

Results

All 87 patients (male 49, female 38) were

confirmed by pathology, including 40

(46.0%) with LN metastasis and 47 (54.0%)
without LN metastasis (Table 1). The aver-
age age of the patients with LN metastasis
was 58 years (range, 29-77 years), including
21 males (52.5%) and 19 females (47.5%).
The average age of the patients without LN
metastasis was 60 years (range, 38-78 years),
including 28 males (59.5%) and 19 females

(40.4%). There were no significant differences
between patients with and without LN me-
tastasis in terms of gender, age, tumor size,
tumor location, serological examination (CEA
and CA19-9 level), fecal occult blood test (he-
moglobin in the stool, transferrin in the stool)
and stool routine tests (white blood cells and
red blood cells in the stool) (all p > 0.05). Of
the patients with LN metastasis, only one pa-
tient wasT1/2, and 39 patients were T3/4 (Fig.
2). Of the patients without LN metastasis, 22
patients were T1/2, and 25 patients were T3/4
(Fig. 3). A significant difference of T stage be-
tween the two groups of patients (p < 0.001)
was found. LN metastasis was more common
in T3/4 patients than in T1/2 patients.

The intraobserver reproducibility of the
SWE ultrasomics features extracted from the
ROI was high, with ICCs ranging from 0.717
(p = 0.235) to 0.986 (p = 0.000). The interob-
server reproducibility of the features extract-
ed from the ROI was also moderate to high,
with ICCs ranging from 0.663 (p = 0.548) to
0.958 (p = 0.000). The features with low repro-
ducibility that had intra- or interobserver ICC
of <0.75 were excluded.

On the basis of the LASSO regression
model, 1044 features of each patient were
reduced to 13 selected predictors (Table 2).
Among them, 2 features in histogram pa-
rameters, 2 features in GLCM parameters, 1
feature in GLCM parameters and 8 features
in GLRLM parameters were extracted. Then,
the calculation of SWE ultrasomics signa-
ture for each patient was performed using
the following constructed formula based
on the LASSO regression coefficients and
13 selected predictors:

SWE ultrasomics signature=4.980560
+0.000002xRelativeDeviation-0.003763
xPercentile90+23.82352xInverseDif-
ferenceMoment_AlIDirection_offset3_
SD-0.525355xGLCMEntropy_angle45
_offset5-0.001977xInertia_AllDirection_
offset7_SD-0.003099x ShortRunHighGrey
LevelEmphasis_AllDirection_offset1_
SD+0.013506xRunLengthNonuniformi-
ty_AlIDirection_offset3_SD+1571.633%
ShortRunLowGreyLevelEmphasis_AlIDi-
rection_offset5_SD+497.2829xLongRun
LowGreylLevelEmphasis_AllDirection_
offset5_SD+837.4631xShortRunLow-
GreyLevelEmphasis_AllDirection_off-
set7_SD+473.2587%xShortRunLow-
GreyLevelEmphasis_AllDirection_off-
set8_SD+21.41898xShortRunLowGrey-
LevelEmphasis_AllIDirection_offset9_
SD-0.000003xHighlIntensityLargeAreakEm-
phasis.
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Figure 2. a-e. EUS, SWE, and MRI images of a 67-year-old female patient with rectal cancer. The postoperative pathological stage was T3N1MO0. The SWE
ultrasomics signature of the patient was higher than cutoff value (-0.10691 vs.-0.1171), which can be diagnosed as LN metastasis (+), while the MRI diagnosis
was LN metastasis (-). B-mode ultrasound image (a) of rectal adenocarcinoma shows the diameter of the lesion. Image (b) shows color doppler sonography of
rectal adenocarcinoma. The top panel in (c) shows the SWE image, the biggest circle ROl was placed in the rectal tumor for the extraction of SWE ultrasomics
features; the bottom panel is the corresponding B-mode ultrasound image. Contrast-enhanced T1-weighted MRI image (d) shows regularly shaped LNs (white
arrow). T2-weighted MRl image (e) shows the LN as regularly shaped, with well-defined contours, and homogeneous signal (white arrow).

Figure 3. a-d. EUS, SWE, and MRl images of a 78-year-old male patient with rectal cancer. The postoperative
pathological stage was T3NOMO. The SWE ultrasomics signature of the patient was lower than cutoff value
(-1.27343 vs.-0.1171), which can be diagnosed as LN metastasis (-), while the MRI diagnosis was LN metastasis
(+). B-mode ultrasound image (a) shows the rectal adenocarcinoma, with the range of the tumor marked. The
top panel in (b) shows the SWE image, with the circle ROl was placed in the rectal tumor for the extraction of
SWE ultrasomics features; bottom panel is the corresponding B-mode ultrasound image. Contrast-enhanced
T1-weighted image (c) shows irregularly shaped LN (white arrow). T2-weighted image (d) reveals the LN
irregularly shaped with heterogeneous signal (white arrow).
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The SWE ultrasomics signature correlated
with LN metastasis for patients with rectal
cancer (p < 0.001). Patients with LN metas-
tasis had higher signature than did patients
without LN metastasis (Fig. 4). The average
score of a positive LN was 0.313+0.498
(-0.567, 1.884), while that of a negative LN
was -0.634+0.719 (-2.848, 0.774).

Of the 47 patients without LN metasta-
sis, 37 (78.7%) were diagnosed accurately
by SWE ultrasomics and 35 (74.5%) by MRI.
Of the 40 patients with LN metastasis, 35
(87.5%) were identified accurately by SWE
ultrasomics, while only 31 (77.5%) were
identified by MRI. Fifteen (17.2%) patients
and 21 (24.1%) patients were misdiagnosed
by SWE ultrasomics and MRI, respectively
(Table 3).

On MR, 43 patients were diagnosed with
LN metastasis. All of these patients had LNs
greater than 5 mm in diameter. There were
23 patients with LNs with irregular shapes,
and 43 patients had ill-defined borders and
heterogeneous signals on T2-weighted im-
aging (Fig. 3). Furthermore, 37 patients had
nodes with high signal intensity on DWI,
and 33 patients had LNs with a higher per-
cent enhancement in the arterial phase.

Xian et al.



Table 2. The 13 predictors selected from the 1044 SWE ultrasomics features

Parameters Selected features Coefficients
Histogram parameters  RelativeDeviation 0.000002
Percentile90 0.003763
GLCM parameters InverseDifferenceMoment_AlIDirection_offset3_SD 23.82352
GLCMEntropy_angle45_offset5 0.525355
Texture parameter Inertia_AllDirection_offset7_SD 0.001977
GLRLM parameters ShortRunHighGreyLevelEmphasis_AllDirection_offset1_SD 0.003099
RunLengthNonuniformity_AllIDirection_offset3_SD 0.013506
ShortRunLowGreyLevelEmphasis_AlIDirection_offset5_SD 1571.633
ShortRunLowGreyLevelEmphasis_AllDirection_offset7_SD 497.2829
ShortRunLowGreyLevelEmphasis_AlIDirection_offset8 _SD 837.4631
ShortRunLowGreyLevelEmphasis_AllIDirection_offset9_SD 473.2587
LongRunLowGreyLevelEmphasis_AllIDirection_offset5_SD 21.41898
HighlIntensityLargeAreaEmphasis 0.000003

There were four kinds of SWE ultrasomics parameters listed in column 1 which were extracted by AK software
in our study, and the four parameters contain 13 selected predictors in column 2. The coefficients of regression

model are listed in column 3.

Table 3. The diagnostic results of SWE ultrasomics and MRI

Pathology
LN metastasis (+), n.=40 LN metastasis (-), n=47 Total

SWE ultrasomics, n (%)

LN metastasis (+) 35(87.5) 10(21.3) 45

LN metastasis (-) 5(12.5) 37(78.7) 42
MRI, n (%)

LN metastasis (+) 31(77.5) 12 (25.5) 43

LN metastasis (-) 9(22.5) 35(74.5) 44

Variables represent the number and percentage of cases diagnosed by SWE/MRI or pathology.
SWE, shear-wave elastography; MRI, magnetic resonance imaging; LN, lymph node.

LN Metastasis (+)
LN Metastasis (-)

SWE Ultrasomics Scores

0 25 50 75
Number of Patients

Figure 4. Diagram shows the SWE ultrasomics signature in 87 patients. Green bars represent negative

LN involvement, and orange bars represent LN metastasis. The height of the bars represents the

signature.

Among the 21 patients misdiagnosed by
MRI, 17 patients were misdiagnosed by MRI
but correctly diagnosed by SWE ultrasom-
ics. Among the 17 patients misdiagnosed
by MRI, 9 patients had LN metastasis on
pathology, one appeared to have a regular
shape (Fig. 2), 3 appeared to have well-de-
fined contours, and 5 appeared to have ho-
mogeneous signal on T2-weighted imaging.
In the group of 8 patients with no LN metas-
tasis on pathology that were misdiagnosed
by MRI, 2 appeared to have ill-defined LN
borders, 3 appeared to have heterogeneous
signals, one appeared to have an irregularly
shaped LN with heterogeneous signal (Fig.
3), and one appeared to have an irregular-
ly shaped LN, with ill-defined border and
heterogeneous signal on T2-weighted im-
aging. Another patient appeared to have a
high signal intensity LN on DWI.

For the discrimination of LN metastasis,
the diagnostic performance of SWE ultra-
somics signature was significantly high-
er than that of MRI (AUC, 0.883 vs. 0.760,
p = 0.034) (Fig. 5). The diagnostic accuracy,
sensitivity, specificity, PPV and NPV of SWE
ultrasomics signature were 82.8%, 87.5%,
78.8%, 77.8%, and 88.1%, respectively,
which are higher than those of MRI. The ac-
curacy, sensitivity, specificity, PPV, and NPV
of MRI were 75.9%, 77.5%, 74.5%, 72.1%,
and 79.6%, respectively (Table 4).

Discussion

In the present study, we performed SWE
ultrasomics to predict LN metastasis in pa-
tients with rectal cancer before individual-
ized therapy and compared it with MRI.

LN metastasis is one of the key indica-
tions for preoperative neoadjuvant chemo-
therapy and also an important prognostic
factor for local recurrence (23). However,
the lack of high sensitivity and specificity
of imaging modalities for nodal staging
might lead to many patients being over-
treated or having delayed treatment with
chemoradiotherapy. Previously, the widely
accepted diagnostic criterion for malignant
nodes was the size of the LN on MRl images
(24). The size threshold for LN positivity has
been a source of controversy in previous
studies. Some studies used the size thresh-
old of >5 mm to indicate positive LNs (25).
While for others, a size threshold of >5 mm
in short axis with heterogeneous signal or
ill-defined margins were used as the diag-
nostic criteria for positive LNs (26). Howev-
er, approximately 41.4% of LNs <5 mm are
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Table 4. The diagnostic performance of SWE ultrasomics and MRI

AUC Accuracy 95% Cl Sensitivity Specificity PPV NPV
SWE ultrasomics 0.883 82.8% 0.732,0.900 87.5% 78.8% 77.8% 88.1%
MRI 0.760 75.9% 0.655, 0.844 77.5% 74.5% 72.1% 79.6%

SWE, shear-wave elastography; MRI, magnetic resonance imaging; AUC, area under the ROC curve; 95% Cl, 95% confidence interval; PPV, positive predictive value; NPV,

negative predictive value.

Sensitivity

AUROC P value

S e SWE 0883 0.033
Ultrasomics
= MR 0.760

=
S -

T T T T T T

1.0 0.8 0.6 0.4 0.2 0.0

Specificity

Figure 5. Predictive performance is assessed in terms of the area under receiver operator characteristic
curve (AUC). Comparison of ROC curves between SWE ultrasomics and MRl in diagnosing LN metastasis
of patients with rectal cancer. Red line represents SWE ultrasomics and blue line represents MRI.

positive for metastasis (27). Other imag-
ing parameters in MRI, such as the border,
shape or intrinsic signal of LNs, were ana-
lyzed in various studies, but the results have
been inconsistent (19, 27, 28). Moreover,
these features are subjective, due to a lack
of objective quantitative indicators. Differ-
ent physicians may have different opinions
about the same LN, which may affect the
accuracy of diagnosis.

Another important diagnostic tool for
accurate evaluation of rectal tumors is EUS.
In one report, the sensitivity and specifici-
ty of EUS in diagnosing nodal involvement
were approximately 73.2% and 75.8%, re-
spectively (12). In fact, the determination
of LN involvement with EUS is less accurate
because of the difficulty in discriminating
between inflammatory and metastatic LNs,
which leads to misdiagnosis and possible
overtreatment. Moreover, the inspection
scope of EUS is limited, which precludes full
exploration of the pelvic cavity or iliac fossa
LNs. These limitations weaken the useful-
ness of EUS for LN staging.

With the development of radiomics in
recent years, these limitations may be

solved. Radiomics-based tools have been
developed to improve diagnostic, prog-
nostic, and predictive accuracy mainly in
cancer disease. Wu et al. (29) developed an
MRI-based radiomics signature of bladder
tumor for the preoperative prediction of
LN metastasis in patients. Similarly, Huang
et al. (30) developed a radiomics model of
primary tumor to predict LN status in col-
orectal cancer. Thus, the noninvasive ra-
diomics signature of primary tumor, which
makes use of the images we already ob-
tained, could serve as a more convenient
method for the prediction of LN metasta-
sis. Recently, Chen et al. (31) developed a
multiparametric ultrasomics nomogram
to improve pre-therapeutic individual-
ized prediction of LN metastasis. The no-
mogram incorporated EUS, CT and SWE
features, with a C-index of 0.857-0.872.
However, the study did not compare their
diagnostic efficiency with other imaging
methods, such as MRI.

In our study, ultrasomics features were
extracted from the color map of the SWE
containing the information of tissue stiff-
ness. Red and darker images signify higher
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stiffness of the lesions, while blue images
represent soft tissue. Therefore, we believe
that SWE ultrasomics data extracted from
the color map of the SWE, which includes
characteristics of lesion stiffness, distribu-
tion of stiffness, as well as the uniformity
and heterogeneity of stiffness, may reflect
the biological characteristics of the tumor
more comprehensively, rather than the
stiffness value measured by the SWE equip-
ment.

Considering the above findings, we pro-
posed a model of SWE-based ultrasomics
for the preoperative prediction of LN me-
tastasis in patients with rectal cancer. As
indicated in our results, we found that the
diagnostic performance of SWE ultrasomics
for the detection of LN metastasis in pa-
tients with rectal cancer was significantly
higher compared to that of MRI. Our results
also demonstrated that among the 21 pa-
tients misdiagnosed by MRI, 17 patients
were correctly identified by SWE ultrasom-
ics. The high accuracy of SWE ultrasomics
benefited from the application of numer-
ous quantitative ultrasomics parameters
rather than the use of subjective evaluation
(e.g., signal, boundary). Therefore, the over-
all diagnostic efficiency of SWE ultrasomics
was higher than that of MRI.

In this study, the selected 13 high-through-
put ultrasomics parameters, including histo-
gram parameters, texture parameters, GLCM
parameters and GLRLM parameters, are cru-
cial for the evaluation of LN metastasis in rec-
tal cancer. These parameters may fully reflect
the biological characteristics of tumors. For
example, histogram parameters have been
applied to describe the distribution of voxel
intensities of the lesion. Textural features cal-
culated from GLCM and GLRLM can quantify
intratumor heterogeneity.

Our study limitations included the rel-
atively small sample size; thus, a future
multicenter study with a larger sample size
is mandatory. In addition, no subgroup
analysis, such as the SWE ultrasomics dif-
ference between T1/2 and T3/4 tumors, was
performed. Finally, EUS is an endoluminal
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examination. Considering the tolerance
and compliance of patients, we did not per-
form intra- and inter-radiologist reliability
on multiple examinations. Beyond that, the
comparison between SWE-based ultrasom-
ics and MRI radiomics was not performed
in our study. It has been reported that the
preoperative radiomic signature based on
multiparametric MRI has been used for LN
status prediction in rectal cancer (32). The
MRI-based radiomics has AUC, accuracy,
sensitivity, and specificity of 0.677, 0.610,
0.762, and 0.494, respectively. Therefore,
the comparison between SWE based ul-
trasomics and MRI radiomics will be per-
formed in an upcoming study.

In conclusion, this study demonstrated
that SWE ultrasomics is a more accurate
predictive tool than MRI for identifying LN
metastasis preoperatively. Thus, SWE ul-
trasomics might be conveniently used to
guide preoperative individualized thera-
pies for patients with rectal cancer.
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