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Background: Thyroid cancer is a common endocrine tumor, the incidence of which is increasing each year.
Early diagnosis and treatment can effectively prevent thyroid cancer. This article uses Chinese’s ultrasound
reports to determine the value of early diagnosis.

Methods: The clinical data center of the First Affiliated Hospital of Nanjing Medical University was
screened for patients diagnosed with a thyroid nodule, who had undergone a thyroid function test, ultrasound
records and pathological assessment. A total of 811 patients with a total of 1,290 pathologically confirmed
nodules (506 benign and 784 malignant) were enrolled. Logistic regression was used to analyze the variables
that significantly affected malignant nodules. The sensitivity and specificity of ultrasound thyroid imaging-
reporting and data system (TI-RADS) classification results for benign and malignant tumors were calculated.
Results: The age of the patients had a very significant difference in the classification of benign and
malignant nodules (P<0.001), and the marital status was significantly different (P<0.05). Gender and
medical insurance had no significant effect (P>0.05). Thyroglobulin (T'G), free thyroxine (FT4), and free
triiodothyronine (FT3) had significant effects (P=0.003) on the incidence of malignant nodules in patients,
while thyroid-stimulating hormone (T'SH) had no significant effect (P>0.05). Ultrasound analysis showed a
Youden’s index of 78.97%, a positive predictive value of 93.20%, and a negative predicted value of 84.10%
at the most excellent classification effect. The sensitivity was 89.0%, the specificity was 89.9%; much greater
than the classification model based on the thyroid function test (sensitivity =80.6%, specificity =55.8%).
Conclusions: The present study verifies the effectiveness of using TI-RADS classification for diagnosis
of benign and malignant thyroid nodules, and explores the use of new analysis methods for clinical data. To
reduce dependence on the doctors, ultrasound image data and clinical phenotypic data can be further used to

assist clinical decision making.
Keywords: Pathological; thyroid; thyroid imaging-reporting and data system (TI-RADS); ultrasound
Submitted Dec 12, 2019. Accepted for publication Mar 12, 2020.

doi: 10.21037/gs.2020.04.03
View this article at: http://dx.doi.org/10.21037/gs.2020.04.03

© Gland Surgery. All rights reserved. Gland Surg 2020;9(3):653-660 | http://dx.doi.org/10.21037/gs.2020.04.03


https://crossmark.crossref.org/dialog/?doi=10.21037/gs.2020.04.03

654

Introduction

Thyroid cancer is one of the most common types of cancer
in the endocrine system and accounts for more than 10%
of malignant tumors (1), which is much higher than the
incidence of other head and neck tumors. In recent years,
the incidence of thyroid cancer has increased year by
year; now it is the fifth most common cancer diagnosed
in females, and it is expected to become the second most
common malignancy in females and the ninth most
common malignancy in males by the year 2030 (2). The
study of thyroid nodules has received extensive attention
from clinicians and researchers. Some thyroid nodules have
a high cancer rate. Early diagnosis and treatment of thyroid
nodules can effectively prevent thyroid cancer and avoid
serious consequences (3,4). How benign and malignant
nodules should be identified from patients’ clinical data,
and how malignant nodules should be identified from a
large number of thyroid nodules are very important and
challenging considerations in the clinic (5).

In clinical practice, neck ultrasound and fine-needle
aspiration (FNA) of thyroid nodules are often used for
primary diagnosis. Ultrasound is noninvasive, convenient,
and inexpensive, and it does not expose the patient to
damaging radiation. Thus, ultrasound is preferred for
screening thyroid nodules and for carrying out preoperative
assessment compared with the more expensive and invasive
FNA approach (6,7). The results of ultrasound examination
usually determine whether patients should undergo
puncture or surgery. The American College of Radiology
(ACR) released the thyroid imaging-reporting and data
system (TI-RADS) in 2009 to standardize ultrasound
results. This specification makes the assessment of benign
and malignant thyroid nodules clearer. Application of
the TI-RADS classification helps to regulate domestic
ultrasound diagnosis; the standard was revised in 2015 (8,9).

In this paper, the latest medical information technology
is used to analyze patient data obtained from Nanjing
Medical University in 2017. The value of the TI-RADS
for the diagnosis of benign and malignant thyroid nodules
is analyzed according to the TI-RADS classification and
pathological results. The TI-RADS result suggest whether
patients with thyroid nodules should undergo further
invasive examinations and provide a reference for diagnosis
and treatment.

© Gland Surgery. All rights reserved.

Miao et al. Analysis of thyroid ultrasound reports

Methods
General information

Clinical data from patients with thyroid nodules was
collected from the clinical data center of the First Affiliated
Hospital of Nanjing Medical University. This data included
basic patient information, clinical diagnoses, laboratory
test reports, examination reports, and medical records,
etc. Pathological reports are used as the gold standard to
classify benign and malignant nodules. Patients with thyroid
nodules were selected with the following conditions: (I)
patients with benign thyroid nodules: diagnosed as “thyroid
nodule” (E04.101), “thyroid tumor” (D44.001), or “thyroid
cyst” (E04.102) by a specialist in previous clinical diagnostic
records, with a record of thyroid ultrasound, confirmed by
pathological analysis as a benign nodule, who were excluded
from the diagnosis and treatment records diagnosed by a
specialist as a malignant tumor patient; or (II) patients with
malignant thyroid nodules: patients diagnosed as “thyroid
nodules” (E04.101), “thyroid tumors” (D44.001), “thyroid
cyst” (E04.102) or “thyroid malignancy” (C73.x00) by a
specialist in previous diagnostic records, with a record of
thyroid ultrasound, confirmed by pathological diagnosis
as a malignant nodule. Taking the pathological diagnosis
date from January 1%, 2017 to December 31%, 2017 as the
query condition, a total of 1,196 pathological reports met
the above conditions; then 1,558 ultrasound report and
ultrasound images were retrieved from selected patients.
Then excluding patients who have not taken thyroid
function test in the hospital, excluding patients whose
ultrasound examination after the pathological examination,
excluding patients without ultrasound examination
before thyroidectomy, finally who achieved a one-to-
one correspondence between their preoperative thyroid
function test, preoperative ultrasound and pathological
report entered the study cohort. A total of 811 patients were
enrolled.

Ultrasound and pathological report analysis

Radiologists reported the ultrasound records in accordance
with the international TI-RADS classification. When the
grading judgment of the patient was difficult to define, it
was marked as level between the two levels in the report (e.g.,
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in patients between 4C and 5, the level of the ultrasound
report was set as 4c-5). Using natural language processing
technology to achieve automatic extraction of nodule
position and TI-RADS classification.

The pathologist observed the histological features
of the left and right nodules and indicates whether the
nodules were benign or malignant in pathological reports.
The common pathological diagnoses were papillary
thyroid carcinoma, nodular goiter, thyroid follicle gonadal
adenomas, and thyroiditis. We classified papillary carcinoma
as malignant, while others are benign. Similarly, natural
language processing techniques were used to automatically
extract nodule sites and to determine the benign and
malignant classifications.

Statistical methods

SPSS 22.0 and the R language platform, RGui (64-bit),
were used to perform statistical analyses. A 7-test was
used to analyze the study variables of thyroid nodules.
The relationship between patients’ basic characteristics
and benign and malignant thyroid tumors was analyzed.
A P value of <0.05 was considered statistically significant.
Logistic multiple regression analysis was used to analyze
the risk factors for thyroid function in thyroid nodules. We
used the TI-RADS classification of ultrasound diagnosis
to analyze the effect of classification on the diagnosis of
thyroid nodules. Parameters such as sensitivity, specificity,
Youden’s index, positive predictive value, and negative
predictive value were calculated. The receiver operating
characteristic (ROC) curve area was calculated to observe
the relationship between ultrasound results and the final
benign and malignant diagnosis.

Results

Patients with thyroid nodules were screened using data
from the clinical data center of the First Affiliated Hospital
of Nanjing Medical University, and information on the
preoperative thyroid function test, preoperative ultrasound
and pathological report data was collected in 2017. The
pathological report results were used as the gold standard
for diagnosis of benign and malignant tumors. A total of 811
patients were enrolled. The analysis of basic characteristics
is shown in Table 1. There were a total of 161 patients in
the benign group and 650 in the malignant group. The data
does not indicate the proportion of patients with benign
and malignant nodules in the general population. The
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reason for this proportion is the pathological examination
result is the grouping standard while patients who perform
pathological examination are often malignant. The result
showed that the mean age of patients in the malignant
tumor group was lower than the mean age of patients in the
benign tumor group. The incidence of malignant nodules
in the non-elderly group was significantly greater than
that observed in the elderly group (P<0.001). The ratio
of males to females with nodules was 1:3.33. The nodules
occurred mostly in middle-aged patients aged 40-60 years,
which, accounted for approximately 50% of nodules. The
results were highly consistent with the results of published
literature, but gender had no significant effect on the
occurrence of malignant nodules (P>0.05). The incidence
of malignant nodules in patients who were married was
significantly greater compared with patients who were not
married (P<0.05), while medical insurance status had no
significant effect on the incidence of malignant nodules

(P>0.05).

Analysis of correlation nodules classification and thyroid
function test results

The influence of thyroid function index on benign and
malignant thyroid nodules was analyzed previously;
however, different researchers have different opinions.
This paper retrospectively analyzed the influence of
thyroid function indicators such as free thyroxine (FT4),
free trilodothyronine (F13), thyroid-stimulating hormone
(TSH) and thyroglobulin (T'G), on the occurrence of
malignant nodules based on 811 patients at the First
Affiliated Hospital of Nanjing Medical University. Logistic
regression was used to analyze the factors affecting
pathology results by univariate and multivariate analyses.
P<0.01 was considered statistically significant. Table 2
shows the results of the univariate analysis and the variables
that impacted the diagnosis. TG, FT4 and FT3 were
key factors in judging whether nodules were benign or
malignant. Multivariate logistic regression analysis was used
to perform on the variables with significant factors in the
univariate analysis, and the independent risk factors and
the odds ratios (OR ) value of each factor were calculated.
The diagnostic score table was obtained according to
the OR values. The ROC curve was drawn and the cut-
off value was determined. We constructed a multivariable
logistic regression model to predictive thyroid malignancy
that includes age, TG, FT4 and F13 as predictors, which
reached an optimism-corrected area under the ROC curve
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Table 1 General characteristics of patients with thyroid nodules

Thyroid nodules

Characteristics P value
Benign (n=161) Malignant (n=650)

Age (years) 53.00+£12.70 44.30+12.58 <0.001
<40 27 (16.77) 200 (30.77)
>40 134 (83.23) 450 (69.23)

Sex >0.05
Male 31 (19.25) 156 (24.00)
Female 130 (80.75) 494 (76.00)

Marriage <0.05
Unmarried 3(1.86) 57 (8.77)
Married 157 (97.52) 588 (90.46)
Other 1(0.62) 5(0.77)

Medical insurance >0.05
Self-pay 71 (44.10) 257 (39.54)
Urban employee medical insurance 72 (44.72) 351 (54.00)
Other 18 (11,18) 42 (6.46)

Data are given as the mean + SD or as n (%).

Table 2 Analysis of the correlation between thyroid function test and nodule classification

95% EXP(B) confidence interval

Factor OR value P value
Lower limit Upper limit

Medical insurance 0.965 0.750 0.775 1.202
Sex 0.677 0.101 0.424 1.079
Marriage 0.851 0.552 0.501 1.446
Blood 0.944 0.454 0.811 1.098
Age 0.950 0.000 0.936 0.964
TSH 1.009 0.766 0.951 1.071
TG 0.996 0.000 0.994 0.998
FT4 1.112 0.003 1.036 1.193
FT3 0.666 0.003 0.508 0.873
Constant 245.815 0.000

TSH, thyroid-stimulating hormone; TG, Thyroglobulin; FT4, free thyroxine; FT3, free triiodothyronine.
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Figure 1 ROC graph based on multivariate analysis. ROC,

receiver operating characteristic.
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Figure 2 ROC graph based on ultrasound report. ROC, receiver

operating characteristic.

(AUC) of 0.727. As shown in the ROC curve in Figure 1,
the optimal cutoff level of diagnostic score for predicting
the thyroid malignancy was 109.6, whose sensitivity and
specificity were 80.6% and 55.8%, respectively. The
evaluation of predicting the diagnostic accuracy of thyroid
malignancies was relatively low.

Comparison between ultrasound reports and pathological
reports

The TI-RADS grading system published by the ACR,
provides a relatively objective scoring system for
sonographers and surgeons to evaluate in five major
areas: nodule composition, echo, morphology, margin,
and strong echo. The scoring system of ACR divides the
thyroid nodules into five levels. Ultrasound enables clinical
experts to diagnose the benign and malignant nodules. In
the present study, we diagnosed the benign and malignant
nodules using the TI-RADS grading results in ultrasound
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reports, and evaluated the classification using the accuracy
of classification of benign and malignant nodules. In
the ultrasound reports, the doctors released inspection
reports according to the ACR TI-RADS standards and
further refined the grades. The grading was divided into
nine levels: 2, 3, 4a, 4a-4b, 4b, 4b-4c, 4c, 4c-5, and 5. If
the doctor’s grading judgment was difficult to define, the
levels intervening between the two levels in the report were
marked (e.g., for patients between 4c and 5, the level of the
ultrasound report was 4c-5).

Since the results of ultrasonography and pathological
diagnosis of the left and right sides were often inconsistent,
a total of 1,290 nodules with preoperative ultrasound results
and pathological findings from 811 patients were examined.
The 1,290 nodules comprised 506 benign nodules and 784
malignant nodules according to the results of pathological
diagnoses. For ultrasound grades 2, 3, 4a, 4a-4b, 4b, 4b-
4c, 4c, 4c-5, and 5, the rate of malignant nodules was
6.06%, 9.82%, 40.54%, 68.18%, 80.39%, 92.59%, 97.14%,
100%, and 100%. As the grade increases, the percentage
of malignancy increased in turn. The ROC curve was
constructed as shown in Figure 2. ROC analysis indicated
the potential predictive value of preoperative ultrasound
results with an AUC of 0.942 [95% confidence interval
(CD: 0.930-0.955]. A cut-off of 3.6 (ultrasound grade) was
individuated for using preoperative ultrasound results to
predict malignant nodules, showing a sensitivity of 89.0%
and a specificity of 89.9%. The sensitivity and specificity
of the respective categories of diagnosis are shown in
Table 3. The actual malignant percentage has a high degree
of compliance with the theoretical malignant percentage,
which shows that ultrasonography has good diagnostic value
for thyroid nodular disease.

The rate of thyroid nodule malignancy increases
continuously with an increase in ultrasound classification
from category 2 to category 5, reaching the highest point on
Youden’s index at the 4a classification. Using the settings:
4a as 3.5, 4a-b as 3.75, 4b as 4, 4b-c as 4.25, 4c as 4.5 to
calculate the ROC curve, the best prediction point was
grade 4a which is obviously higher than other categories.
Category 4a achieved a positive predictive value of 93.2%
and a negative predictive value of 84.1% and its recognition
ability to judge whether the nodule was benign or malignant
was the highest. The sensitivity of the ROC curve in Figure 2
is 89.0% and the specificity is 89.9%; significantly greater
than the corresponding values in Figure 1 (sensitivity
=80.6%, and the specificity =55.8%). The TI-RADS
model requires a grade 4 scoring standard for moderately
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Table 3 TI-RADS diagnostic efficiency (%)
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No. of nodules

TI-RADS — Y- Sensitivity Specificty  Youden's index d'?;?\i/i"jalue pregiﬁi‘;‘;ue
2 31 2 99.75 6.13 5.87 62.24 93.94
3 358 39 94.78 76.88 71.65 86.41 90.47
4a 66 45 89.04 89.92 78.97 93.20 84.10
4a-4b 7 15 87.13 91.30 78.44 93.96 82.06
4b 30 123 71.46 97.23 68.70 97.57 68.72
4b-4c 4 50 65.10 98.02 63.12 98.08 64.42
4c 10 340 21.78 100.00 21.78 100.00 45.18
4c-5 0 3 21.40 100.00 21.40 100.00 45.06
5 0 167 0.13 100.00 0.13 100.00 39.22

TI-RADS, thyroid imaging-reporting and data system.

suspected malignant risk. The data also demonstrates that
the use of the TI-RADS score as a reference for benign and
malignant nodules has a high reference value.

Discussion
Thyroid cancer in young patients

The ratio of male to female patients with nodules was 1:3.33
and nodules were observed most frequently in middle-
aged patients aged 40-60 years (approximately 50%). The
average age of patients with malignant nodules was lower.
The incidence of nodules in the non-elderly group was
significantly greater than the incidence of malignant nodules
in the elderly group. One reason for this phenomenon is
that patients’ senses of health management have increased,
and nodules can be detected earlier than before (10).
Another reason is that young people's hormone levels are
unstable, and life pressures are high, which affects thyroid
function, and can induce abnormalities and malignant
changes. In particular, hormone levels in young women
(e.g., high estrogen progestin ratios owing to the absence of
ovulation, and high levels of estrogen during prenatal life
reveal the incidence of thyroid nodules (11).

Association between thyroid function tests and nodule
classification

Thyroid cancer and thyroid nodules are the most prevalent
form of thyroid endocrine disorder. In our study, we
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analyzed the classification of benign and malignant nodules
using measures of thyroid function. Changes in FT4,
FT3, TSH, and TG are common indicators of changes in
thyroid function (12-15). These indicators were analyzed
and modeled; both FT4 and FT3 had significant effects on
malignant nodules and were key factors that could be used
to diagnose benign and malignant nodules. The results are
consistent with those of a previously published study (16).
The risk of papillary thyroid cancer was also inversely
associated with serum FT3 in all participants, and was
positively associated with the serum FT4. The present study
showed only a minimal association with TSH, suggesting
that the hypothalamic-pituitary axis is less affected by
thyroid nodules. TG is also closely related to benign and
malignant outcomes.

Advantages of ultrasound

Ultrasound image features are key in the diagnosis of
benign and malignant thyroid nodules (17-20). In this
paper, the TI-RADS and patients’ thyroid functions were
analyzed separately. The comparative analysis found that
ultrasound diagnosis has obvious advantages for the analysis
of benign and malignant nodules. The percentage of
malignant nodules according to the ultrasound classification
increased from grade 2 to grade 5. Since the diagnosis level
of each radiologist is different, methods to reduce the rate
of misdiagnosis and improve diagnostic accuracy should
be identified (21-23). Particularly for reports with scores
of 4 or greater, the results have a significant impact on the
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patients' further treatment options. This study showed that
the ultrasound classification 4a achieved the best benign and
malignant classification with a positive predictive value of
93.2% and a negative predictive value of 84.1%. The study
also verified the effectiveness of the TI-RADS classification
for the diagnosis of benign and malignant thyroid nodules.

Conclusions

At present, imaging-based diagnosis and medical care
explore in cancer analysis and diagnosis. The present study
compared ultrasound reports with thyroid function for
nodule classification. The study verifies use of the ACR TI-
RADS classification for the diagnosis of thyroid nodules,
whether benign or malignant. Subsequent research should
further analyze ultrasound images, extract key image
features, and model them together with existing clinical
variables, using a convolutional neural network to introduce
an unbiased computer-aided diagnostic tool to assist
radiologist with less experience. Further studies should
optimize diagnosis using artificial intelligence and provide
the clinic with more accurate information to assist clinical
decision making.
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