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Abstract

Background: Cervical lymph node (LN) metastasis of papillary thyroid carcinoma (PTC) is critical for treatment and prognosis. To
examine the feasibility of MRI radiomics to preoperatively predict cervical LN metastasis in patients with PTC. Methods: Between
January 2015 and March 2018, a total of 6l patients with pathologically confirmed PTC were analyzed retrospectively. The
patients were divided into cervical LN metastasis group (n = 37) and no cervical LN metastasis (n = 24). T2WI and T2WiI-fat-
suppression (T2WI-FS) images were collected. A number of radiomic features were automatically extracted from the largest
section of tumor. Three types of classifier (the random forests, the support vector machine classifier and the generalized linear
model) based on T2WI and T2WI-FS images of cervical LN metastasis and no cervical LN metastasis were constructed and
evaluated with a nested cross-validation scheme. Results: Radiomic features extracted from T2WI images were more dis-
criminative than T2WI-FS images. The random forests model showed the best discriminate performance with the highest area
under the curve (0.85, CI:0.76 -1), accuracy (0.87), sensitivity (0.83), specificity (1.00), positive predictive value (PPV = 1.00) and
negative predictive value (NPV = 0.88). Conclusion: MRI radiomics analysis based on conventional T2WI and T2WI-FS can
predict cervical LN metastasis in patients with PTC, and the radiomics is shown to be an assistant diagnosis tool for radiologists.
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accurate identification of LN metastasis before resection is the
key to prevent recurrence.

Introduction

Thyroid cancer is one of the most common malignancy and its
incidence has increased in recent years.'> Papillary thyroid
carcinoma (PTC), the most common histologic type of thyroid
cancer, accounts for approximately 90% of all thyroid malig-
nancies.>> Most PTCs show a slow growth rate and excellent
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outcomes after surgery, however, some PTCs show aggressive
behavior and recurrence.®® The risk factors include male sex,
extrathyroidal extension, cervical lymph node(LN) and tumor
size.” Recent studies showed that PTC has a high incidence of
metastasis to the cervical LNs, accounting for approximately
30%-80%.'%!" Cervical LN metastasis is one of the most
important risk factors for locoregional recurrence,’ and proba-
bly means a second or more time surgical resection, which will
seriously impact the life quality of patients. Therefore, cervical
LN metastasis is a major issue that concerns clinicians and
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According to the American Thyroid Association (ATA),
when patients with known or suspected thyroid nodules, cervi-
cal LN exploration should be performed before thyroid opera-
tion.* Imaging modalities for thyroid nodules evaluation
include ultrasound (US), computed tomography (CT), mag-
netic resonance imaging (MRI), positron emission tomography
(PET) and scintigraphy.'> US examination is a popular tech-
nique for assessment of thyroid nodules, owing to being in real
time, convenience, radiation-free, non-invasive and inexpen-
sive, but limited to instrument resolution, operator’s experi-
ence, and degree of detail operation, moreover, assessing
parapharyngeal and level VII LN is inadequate,'® which seri-
ously affects the accuracy of the assessment. Compared with
US, MRI and CT are more objective in the diagnosis of cervical
LN metastasis. However, prior studies have shown that the
diagnostic accuracy of CT and MRI have failed to prove its
benefit over US for predicting LN metastasis.'*'> Biopsy is the
best way to confirm whether a LN is involved or not, however, it
is invasive, risk of infection expensive and time-consuming.'®
Therefore, looking for more objective assessment methods
rather than biopsy is a key point for clinical work.

The diagnosis of pathological diseases such as PTC based
on radiological images by doctors is subjective, many relevant
information can not to be recognized by the human visual
system. During the past decades, medical imaging and its post
processing methods were innovated with the development of
computer science and the establishment of large databases,
radiomics emerged and quantitative imaging.'” Being different
from the traditional megascopic analysis based on experiences,
radiomics is a machine learning based technique that detects
pathological changes that cannot be perceived by the human
eye, using an automated high-throughput extraction of large
amounts of quantitative features of medical images and to draw
statistical information'® . Previous studies have proved the
value of radiomics in predicting LN metastasis, gene expres-
sion, treatment responses and survival of cancer.'**' However,
to our knowledge, MRI radiomics approach has not been used
in predicting LN metastasis of PTC.

The current study aimed to explore whether radiomics could
be a potential method in predicting LN metastasis of PTC with
quantitative features extracted from MRI images and compare
the performances of different machine learning approaches and
imaging modalities.

Materials and Methods

A summary of the workflow is shown in Figure 1.

Patients

Ethics committee in our hospital approved this retrospective
study, and the requirement for informed consent was waived. A
total of 87 consecutive patients in our institution with patholo-
gically confirmed PTC who had undergone MR imaging in the
immediate preoperative period from January 2015 to March
2018 were retrospectively evaluated.
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Figure 1. Overall workflow of the study.

Inclusion criteria were: (1) Each patient underwent neck
LNs dissection with ipsilateral lobectomy or total thyroidect-
omy; (2) Patients should be pathologically confirmed as PTC;
(3) No previous treatment, biopsy or surgical resection on thyr-
oid. Exclusion criteria were: (1) PTC diameter <5 mm, the
region of interest (ROI) method has lower accuracy; (2) The
MRI images were too indistinct to draw a ROI on the tumor.
Ultimately, 61 patients (15 men and 46 women, mean age
46.63 years, age range 24-74 years) were included in the pres-
ent study. Patients were divided into 2 groups according to the
pathological results of the operation: 37 (60.66%) patients had
cervical LN metastasis, 24(39.34%) patients did not metastasis.

MR Image Acquisition

All examinations were performed on 1.5 Tesla MR scanner
(GE Signa HD 1.5 T MR scanner; GE Healthcare Systems,
Milwaukee, WI, USA) with an eight-channel high-resolution
receiver synergy-head/neck phased-array coil. The applied
MRI protocols consisted of TIWI, T2WI, DWI, and contrast-
enhanced MRI. The spin echo based T1WI sequence (repetition
time (TR)/ echo time (TE) = 520/14 ms) in axial view, the fast
spin echo based T2WI sequence (TR/TE = 3500/95 ms) with
and without fat suppression in axial and coronal views were
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employed for imaging acquisitions. DWI was acquired at 2
different b values (0 and 500 s/mm?) using the STIR fat-
suppressed single-shot echo planar imaging spin echo
sequences in 3 orthogonal directions. The shimming adjust-
ment has also been properly applied in the thyroid region prior
to image acquisition, so that the neck area which is sensitive to
local field in homogeneities can be visualized with accepted
image quality. Of all patients, contrast enhanced T1WI (TR/TE
= 520/14 ms) were obtained with or without fat-suppression
immediately after the intravenous injection of 0.1mmol/kg Gd-
DTPA at an injection speed of 1.5 mL/s (Magnevist, Schering
AG, Germany). The parameters were as follows: section thick-
ness 3 mm, with a 1-mm intersection gap, field of view (FOV)
= 40 x 28 cm?, matrix = 256 x 256, NEX = 4. The whole
examination was completed within 30 minutes.

Regions of Interest Segmentation

The slices of T2WI and T2WI-FS including the largest long
axis cross-section were exported into ITK-SNAP software
(version 3.6.0, www.itksnap.org), and PTC was manually seg
mented by drawing a ROI along the tumor edge (Figure 1).
Before we segmented the ROI, we reviewed previously pub
lished papers, and found different researcher using different
ROI segmentation methods. Some used 2D ROI and the others
used 3D ROL**** Also, some researchers compared the perfor
mance between the 2D ROI features and 3D ROI features, and
found they had the similar performance. Two radiologists (with
5 years and 10 years experiences in MRI diagnosis, respec
tively), jointly selected the largest tumor area, and when they
were in different opinions, the negotiation should be made to
reach agreement.

Image Preprocessing

Before feature extraction, some preprocess techniques were
applied to improve texture resolving ability. Firstly, intensi-
ties in the ROI were normalized to i + 3 ¢ method (W is the
ROI’s mean gray level value and o is the standard deviation)
to enhance the differences between classes.** Gray-level dis-
cretization (reduction of the levels of gray used to represent
the image) was conducted to reduce the computational time
and to improve the signal-to-noise ratio of the texture
outcome.?

Feature Extraction and Selection

396 radiomic features were extracted using the A.K. software
(AnalysisKit, version3.2.0, GE Healthcare), which included 5
main types: 42 intensity histogram features, 9 shape features,
154 gray-level cooccurrence matrix (GLCM) features, 180
gray-level run-length matrix (GLRLM) features and 11 gray-
level size-zone matrix (GLSZM) features. Histogram features
describe how voxel intensities within the ROI are distributed.
Shape features describe the geometric properties of the tumor.
GLCM features represent the intensity relationship of discrete

gray levels of adjacent pixels, or voxels in a 3D volume.
GLRLM features assesses the distribution of intensities run
lengths. GLSZM features quantify the gray level regions in the
image. Testing all possible combinations from all techniques,
modalities and datasets would give a very large number of
features. If all features were evaluated together, it is very likely
that our classification model would be over-fitted and poorly
generalized. Therefore, the redundant features were eliminated
at first. The absolute values of pair-wise correlations are con-
sidered. If 2 variables had a high correlation (spearman corre-
lation coefficient larger than 0.9), we looked at the mean
absolute correlation of each variable and removes the variable
with the largest mean absolute correlation.

Model Training and Evaluation

Considering the small sample size of our study, the nested
cross-validation (CV) scheme was chosen to evaluate the per-
formance of classifier without holding out some of the samples
as an independent test set (Figure 2). Good estimates of the
model performance can be achieved using the validation data
when the number of samples is not large. The outer resampling
loop of the nested CV scheme was used to optimize the number
of features and the inner resampling loop was used to tune the
model parameter.*®

The outer resampling loop used a Leave-group-out CV
(LGOCYV) scheme. This method randomly divided each dataset
into training and test sets N times, forming N groups (N = 100).
A total of N = 100 groups were used to reduce the variance of
the CV results. In each group, 70% of the samples were ran-
domly selected as training set and the remaining 30% were
used as test set. The samples of the training set were used to
construct the model and then using the samples of the test set to
evaluate the model performance. Each group is constructed and
evaluated independently. In the end, the classification results
provided by the estimates of all groups are averaged. Three
different predictive models: random forests (RF), Generalized
Linear Model (GLM)and support vector machine (SVM) were
studied to evaluate the discrimination power of different model
of the radiomic features extracted from T2WI and T2WI-FS
images.

Statistical Method

Continuous variables of clinical data were tested using the
unpaired student’s t-test or the Mann-Whitney U test while
categorical variables were analyzed by Pearson’s %2 test or the
Fisher’s exact test. A filter feature selection method based on
the p-value provided by the Mann-Whitney U test was
employed to generate a ranking of the features with the most
discriminative power. All statistical analyses were conducted
with R software (version 3.5.1; http://www.Rproject.org) to
build and evaluate the prediction models. P < 0.05 was consid
ered statistically significant. The classification results were
estimated using the area under the receiver operating character
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Figure 2. Scheme of the nested cross validation method used to evaluate the different datasets of features. Texture data extracted from the PTC
images were randomly divided into training and test sets N = 100 times to evaluate the 3 model using different of samples to obtain averaged
results (a) T2WI-FS images with the average accuracy, (b) T2WI images with the average accuracy. Changes of average accuracy with the

increase in feature number during feature selection.

Table 1. Comparison of Clinical Features According to Lymph Node
Metastasis.

LN metastasis non- LN metastasis

Variables (n=37) (n =24) P value
Age(y), Mean + SD  44.65 + 11.29  49.71 + 11.82 0.099
Sex 0.586
Male 10 (27.02%) 5(20.83%)
Female 27 (72.98%) 19 (79.17%)
Largest diameter (mm) 0.201
Mean + SD 13.41 + 6.74 11.29 + 5.34
Location 0.520
Left lobe 16 10
Right lobe 21 13
Isthmus 0 1

istic curve (AUC) averaged over groups estimates (mean stan
dard deviation).

Results

Patient Characteristics

Basic information of the PCTs in our study is shown in Table 1.
There were no significant differences in terms of patient sex,
age, location and largest diameter in the PTC cases with and
without cervical LN metastasis. An important clinical feature
of our research is patients with cervical LN metastasis 37
(60.66%) more than without cervical LN metastasis

24(39.34%), because US examination is the first choice for
PTC in our hospital, MRI is only selected when LN metastasis
is suspected. This may be the cause of more PTC LN metastasis
than non-metastatic patients in this study.

Inter-Observer and Intra-Observer Reproducibility
of Feature Extraction

Before training the model, we tested the inter- and intra-
observer agreement using ICCs and remained the features
meeting the inter- and intra- ICCs larger than 0.75. Finally,
we found all the feature met the acquirement. The intra-ICC’s
range was 0.78-0.98, and inter-ICC’s range was 0.76-0.98.

Prediction Models Based on Radiomics

In Figure 3, the predictive capabilities of RF classifier were
consistent when the number of features increasing, while the
performance of SVM and GLM classifiers would decrease.
Table 2 shows the top 10 radiomic features used to evaluate
the RF model. Among the top 10 most predictive features in
T2WI, 9 were texture features and 1 was shape feature. For
T2WI-FS, 5 were shape features, 3 first-order feature and only
2 texture features. Heat map of top 10 radiomic features, each
row corresponds to 1 radiomic feature, and each 1 column
corresponds to 1 patient (Figure 4).

As shown in Figure 5, we comparison 3 models’ perfor-
mance when the number of features used to achieve the max-
imum average accuracy. The RF model based on T2WI images
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Figure 3. The predictive capabilities of the 3 classifier varies the number of features increasing. (a) T2WI images with the average accuracy,

(b) T2WI-FS images with the average accuracy.

Table 2. Top 10 Features of the Best Dataset Ranked According to
Their Average P-Value Computed With the Welch’s t-Test in the One-
Versus-One Analysis.

Feature Average Rank P value
T2WI
RunLengthNonuniformity_ 1.17 0.0000044
AllDirection_offsetl _SD
AngularSecondMoment 2.09 0.00000537
HaraEntroy 3.36 0.00000593
GLCMEnergy_angle135_offsetl 4.13 0.00000876
GLCMEntropy_angle135_offsetl 5.42 0.00000876
GLCMEntropy_AllDirection_offsetl 5.96 0.00000964
SurfaceArea 6.46 0.00000964
GLCMEntropy_angle0_offsetl 7.93 0.0000106
GLCMEnergy_AllDirection_offset1 9.04 0.0000116
GLCMEnergy_angle0_offsetl 9.79 0.0000116
T2WI-FS
sumEntropy 1.21 0.00000238
ClusterProminence_angle135_offset4 2.03 0.00000369
histogramEnergy 3.75 0.000014
histogramEntropy 4.01 0.000014
ClusterProminence_angle90_offset4 5.45 0.0000159
Compactness] 6.47 0.000029
Compactness2 6.76 0.000029
Spherical Disproportion 7.04 0.000029
Sphericity 7.21 0.000029
SurfaceArea 9.59 0.0000317

reaches the optimal value of 0.85 when the first 25 features
were used in classification. Likewise, the RF model based on
T2WI-FS images reaches the optimal value of 0.80 when the
first 13 features were used in classification.

As showed in Figure 5 and Figure 6, all the prediction mod-
els constructed using the radiomic features extracted from
T2WTI had better performance than those using T2WI-FS. Espe-
cially, RF classifier combining with T2WI had the highest
AUC value (0.85, CI:0.76 -1), accuracy (0.87), sensitivity
(0.83), specificity (1.00), PPV (1.00) and NPV (0.88), as shown
in Table 3. The main advantage of RF is that each tree in the

forest is randomly different, and each tree has a high degree of
irrelevance. In theory, the more trees that make up a RF, the
less likely it is to overfit. RF is suitable for the study of small
samples of 2 classifications, and is also robust to outliers.?’
These advantages of the RF model may be the reason for its
best performance.

Totally, both T2WI and T2WI-FS achieved high predictive
performance, as shown in Figure 6, the sensitivity and specifi-
city of the best model based on T2WI and T2WI-FS (0.83 and
1.00, 0.83 and 0.90, respectively).

Discussion

The objective of this research was to provide a tool that pre-
operative prediction of the cervical LN metastasis, based on the
PTCs MRI radiomics. To the best of our knowledge, there are
no reported studies in this field. In this study, we evaluated 3
models to predict the cervical LN metastasis of PTC in which
RF model produce the best classification accuracy (achieving
an average AUC > 0.8 in both cases), which suggests that RF
model could be employed to discriminate whether the cervical
LNs of PTC metastasize. The high AUC signified that the
radiomics feature was a potential biomarker to discriminate
cervical LN metastasis. Our study finding indicates that MRI
radiomics could be a promising tool to predict the cervical LN
metastasis of PTC. This would be helpful for preoperative
decision making. According to the ATA guidelines® for
patients with positive lymph node determined clinically, the
therapeutic level VI dissections was recommended.
Predicting cervical LN metastasis of PTC patients is signif-
icant for guiding clinical treatment. LN metastasis has been
used in several staging systems, including TNM (tumor, node,
and metastasis), AMES (age, metastasis, ETE, and size), and
MACIS (metastasis, age, completeness of resection, invasion,
and size). If a high of LN metastasis is detected in the patients
by preoperative examination, the patient may undergo surgery
for the resection of LNs. But owing to the complexity of neck
dissection, LN resection is prone to accidental injuries and
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Figure 5. Comparison 3 model performance (RF, SVM, GLM) using radiomic features in this study. The numbers on the figure indicate the

number of features used to achieve the maximum average accuracy.

complications such as hemorrhage, lymphatic leak and nerve
injury.”® This suggests that complications of cervical LN dis-
section may affect the quality of patients’ life. Therefore, it is
necessary in order to reduce the incidence of complications
while ensuring the curative effect. The reduction in the inci-
dence of complications must be based on reduction of unne-
cessary cervical LN dissection. Therefore, how to determine

whether LN of PTC needs to be dissected and the range of LN
dissection in clinical practice is an important issue.
Unfortunately, a high proportion of patients with PTC had
clinically negative for nodal involvement in the preoperative
evaluation, but were found to have cervical LN metastasis at
the time of surgery and in the pathology specimens. No matter
what kind of image inspection method is an empirical judgment
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of experts based on image features, lack of objectivity, and
showed extremely unbalanced specificity and sensitivity in
predicting LN metastasis status.'>?®

Compared to the conventional image analysis, radiomic fea-
tures independent of the subjective factors and level of exper-
tise, and provides objective information on the lesion image
radiomic features in cancer studies has proved to be a success-
ful source of information to increase the precision in diagnosis,
to evaluate the prognosis and to predict treatment response.*’
Previous studies on radiomics in thyroid nodes have mostly
focused on differentiating benign and malignant nodules by
US images or detecting LN metastasis by using relatively sim-
ple histogram, GLCM and texture analysis techniques.'?2%3!
In our study, the A.K. software was used to extract radiomic
features of each PTC’s MRI images. Which allows the high-
throughput extraction of informative imaging features to quan-
tify differences in intratumor heterogeneity and phenotype.
This new radiomics concept is referred to the analysis of med-
ical images by an exhaustive extraction of features from
regions of these images and the corresponding data mining to
create predictive models to help in the decision support.*?

Due to our study was a preliminary study on prediction of
cervical LN metastasis in PTC, we only extracted the radiomic
features from T2WI and T2WI-FS images. The members of our
team reviewed all patients’ multiparametric MRI images,
including T2WI, T2WI-FS, ADC and CE-T1 images. T2WI
and T2WI-FS images showed the clearest evidence of PTC.
The research conducted by Brown et al** confirmed that radio-
mic features from a single MRI sequence can obtain good value
and prospect of application in the diagnostic and prognosis. In
addition, another finding of our study is that the texture
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Figure 6. The ROC curve of RF model based on T2WI images (blue
line) and T2WI-FS images (red line).

parameters extracted from T2WI images are more meaningful
than T2WI-FS images. The main reason is that the T2WI
sequence has a relatively long echo time, which increases the
contrast between tissues, and makes the image contain more
texture features with differential diagnosis.** LGOCV (100
times) was applied to validate our study. Some previous stud-
ies*®** indicated that validation of this approach was suitable
for the modeling and verification of small samples, can demon-
strated the reliability and accuracy of the model. Concerning
the features with the most discriminative power, the nested CV
scheme does not allow determining the exact ranking of fea-
tures because the feature selection step is recomputed for every
group. After that, an average ranking was obtained.*® Our sam-
ples were all from the same batch. So that, we used leave group
out cross validation method to validate the model. Cross vali-
dation was the best method to avoid overfit and decrease the
false positive rate. Table 2 shows the top 10 T2WI texture
features used to evaluate the models: features derived from
GLCM occupy the majority. This finding has been corrobo-
rated by recent studies that identified GLCM features as
superior to all other texture classes in distinguishing benign
and malignant thyroid nodes.®® Table 2 also shows the
average p-value computed for these features: significant
p-value (p < 107) was obtained for these 10 features, which
give an idea of their discriminative power. The results indi-
cated that the process of LN metastatic spread of PTCs is
linked to profound changes in the tissue microarchitecture,
related to proliferation of distinct tumor cell clusters and
subsequent migration via the lymphatic system.

Seo et al.*indicated that male gender, young age, conven-
tional variant, tumor size > 0.5 cm, multiplicity, bilaterally and
extrathyroidal extension were independent predictors for cen-
tral LN metastasis. However, this study suggested that there
was no significant differences in age, gender, and lesion dia-
meter between patients with LN metastasis of PTC and those
with no LN metastasis. The reason may be the sampling error
caused by the small sample size. Thus, no clinical characteris-
tics have been involved in the construction of our predictive
model. The next step would be to collect data with a larger
sample size to further validate and improve the current models.

Our study has several limitations. Firstly, our study is retro-
spective, inevitably, some bias may exist or may have affected
the analysis. Secondly, the sample size of the study is small,
more samples would be needed to build and test a final pre-
dictive model. Thirdly, we only included MR images acquired
with the same scanner and imaging parameters since texture
features can be affected by differences in scan parameters, a
multicenter study on this specific application should be per-
formed to evaluate this limitation.

Table 3. Additional Metrics Obtained Using the RF Model on the Best Dataset.

AUC Accuracy Sensitivity Specificity PPV NPV
T2WI 0.85 (0.76 -1.00) 0.87 (0.75-0.92) 0.83 1.00 1.00 0.88
T2WI-FS 0.80 (0.63-0.97) 0.82 (0.71-0.89) 0.83 0.90 0.89 0.74
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In summary, radiomics provided a method to predict
whether or not the LN metastasis occurred in the patients of
PTCs. Moreover, the study was aimed to reduce the unneces-
sary LN resection, and the patients with LN metastasis may
early undergo reasonable treatment. In conclusion, radiomics
provided a way to predict scientifically, quantitatively, and
accurately whether LN metastasis occurred in patients with
PTC. It was highly promising in determining reasonable surgi-
cal range, reducing unnecessary LN dissection, and further
improving the quality of life of patients.
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