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Li et al.: Differentiation of Benign and Malignant Thyroid Nodules using Combination Method

To investigate the effect and value of thyroid stimulating hormone and thyroglobulin ratio, B-ultrasound
and emission computed tomography imaging in the preoperative differentiation of benign and malignant
thyroid nodules. 272 patients who underwent thyroid nodule surgery were divided into benign group and
malignant group, and the diagnostic performance of a single index in the differentiation of benign and
malignant thyroid nodules was analyzed. The levels of thyroid stimulating hormone, thyroglobulin antibody
and thyroid imaging reporting and data system in malignant group were higher than those in benign group
and the thyroglobulin level in benign group was higher than that in malignant group (p<0.05). Thyroid
imaging reporting and data system has a larger area under the receiver operating characteristic curve in
the differentiation of benign and malignant thyroid nodules. In thyroglobulin antibody negative group, the
thyroid stimulating hormone/thyroglobulin ratio of benign patients was lower than that of malignant patients
(p<0.05). Meanwhile, receiver operating characteristic curve reflected that thyroid stimulating hormone/
thyroglobulin ratio had certain diagnostic performance. In the large nodule group, the Y value under the
multiple regression models had a larger area under the line and the area under the line of thyroid emission
computed tomography imaging was the smallest. In the small nodule group, the Y value was higher than other
detection methods, which was 0.794. The accuracy of thyroid stimulating hormone and thyroglobulin ratio,
B-ultrasound and emission computed tomography imaging in the differentiation of benign and malignant
thyroid nodules was more than 98 %. The combination of thyroid stimulating hormone and thyroglobulin
ratio, B-ultrasound and emission computed tomography imaging is effective and has great advantages in the
differentiation of benign and malignant thyroid nodules before operation.
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In recent years, the incidence of thyroid cancer in
China is rising and has gradually become the main
high-risk tumor endangering people’s health. Thyroid
cancer has no specific clinical manifestations, but
according to relevant studies, thyroid cancer may be
indirectly caused by bad living habits. With China’s
economic development and social pressure, people’s
psychological tolerance decreases, which further
increases the incidence of thyroid cancer!-. In medical
practice, it is still considered that early detection and
diagnosis is the key to improve the survival rate of
malignant tumors. However, in terms of thyroid, it
has similar clinical manifestations to benign diseases
such as thyroiditis before operation. Thyroid cancer
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comes from the gradual lesion of thyroid nodules and
the preoperative identification of thyroid nodules has
become the means for the preliminary diagnosis of
thyroid cancert**!,

In the identification of benign and malignant thyroid
nodules, there are three methods in medical practice,
including imaging detection, serum detection and
pathological feature detection. In the long-term
development of medical technology, imaging has
developed rapidly, so it is gradually widely used in
the detection of benign and malignant thyroid nodules.
However, it is undeniable that the characteristics of
benign and malignant thyroid nodules in the image still
have fuzzy points, that is, imaging performs well in the

Indian Journal of Pharmaceutical Sciences 146



www.ijpsonline.com

display of nodule size, and various indicators need to be
relied on for benign and malignant thyroid nodules.
In order to distinguish benign and malignant thyroid
nodules more clearly, Thyroid Stimulating Hormone
(TSH) and Thyroglobulin (Tg) ratio, B-ultrasound and
Emission Computed Tomography (ECT) imaging were
combined in the study. According to the benign and
malignant groups of thyroid nodules, the differences
of various indicators in the groups were analyzed and
the application effect of the combination method in
the differentiation was analyzed, so as to improve the
ability of distinguishing benign and malignant thyroid
nodules in clinic.

MATERIALS AND METHODS
General information:

272 patients who underwent thyroid nodule surgery
in our hospital from June 2018 to January 2020 were
selected, including 115 patients with thyroid cancer, all
of whom were papillary cancer and 157 patients with

TABLE 1: GENERAL INFORMATION OF PATIENTS

benign thyroid nodules. Based on this, the patients were
divided into benign group and malignant group (Table

1.

The inclusion criteria in this study includes patients
who underwent thyroid nodule surgery in our hospital
and were diagnosed with thyroid cancer and benign
thyroid nodule; the clinical data of all patients were
perfect; the nutritional status of the patients was good;
all patients had no history of alcoholism and smoking;
the function of liver and kidney was normal; the patient
was over 18 y old. Exclusion criteria include thyroid
peroxidase antibody and thyroid stimulating receptor
antibody were positive; family history of thyroid
diseases; neck trauma; the patient has a history of
other tumors and related chronic diseases; the patient
had contraindications to Computed Tomography (CT)
examination. All patients understood the contents
and steps of the experiment and signed the informed
consent. The experiment was approved by the ethics
committee of our hospital.

Index Benign group Malignant group t/y? p
Age (years) 51.01+11.23 49.87+11.45 8.121 0.187
Gender
Male 28 0.523 0.401
Female 129
Height (m) 1.69:0.293 1.68+0.296 1.231 0.579
Weight (kg) 62.31+8.01 62.54+8.07 0.564 0.611
Degree of education 0 (0.00) 0 (0.00)
High 90

12.334 0.272
Low 67

Experimental methods and evaluation methods:

Grouping and experimental methods: The patients
were divided into benign group and malignant group.
The Receiver Operating Characteristic (ROC) curves
of TSH, Tg and B-ultrasound grading of the two groups
were drawn, and the similarities and differences of each
index result between the two groups were compared from
the change trend of ROC curve. In addition, the patients
were divided into groups according to the negative
and positive differences of Thyroglobulin Antibody
(TgAb), and the benign and malignant members in the
group were analyzed and compared. Using the results
obtained, the best diagnostic combination mode is
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constructed and its ROC curve is drawn to compare
the area under the curve and diagnostic performance
between the combination mode and the single use
model'*121,

In the negative results of TgAb, the patients were
divided into large nodule group and small nodule group
according to the size of thyroid nodules and the benign
and malignant patients with thyroid nodules were
analyzed. Similarly, the best combination scheme is
compared with a single scheme and the area under the
curve and diagnostic performance are compared from
the drawn ROC curve.
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The patient’s thyroid ECT imaging was performed
by GE Infinia Hawkeye 4 dual probe Single Photon
Emission Computed Tomography (SPECT)/CT
instrument in the United States. Technetium (*Tc™O,-)
was used as the imaging agent for ECT imaging. The
imaging agent was injected intravenously during the
imaging process and the image was collected 30 min
later. The images were read and signed by two doctors
independently at the same time.

The thyroid B-ultrasound adopts Philips ie33 color
ultrasound detector to classify the nodules according
to the Thyroid Imaging Reporting Data System (TI-
RADS). The image data are independently read by
two experienced doctors at the same time for nodule
classification and issued at the same time.

Detection and evaluation methods: The grading
standard of thyroid nodules under B-ultrasound image
is as follows. There is no nodule under the image, the
thyroid performance is normal and it is evaluated as
class 0; it is suggested that benign lesions, without
nodules and calcification are evaluated as class 2;
thyroid nodules with clear edges, calcification and
uneven echo were evaluated as class 3; the possible
malignant lesions were evaluated as 4 categories.

It is highly suggested that the possibility of malignant
lesions is more than 95 %, which is evaluated as
category 5; 100 % were determined as malignant,
that is, thyroid cancer was diagnosed and evaluated as
category 6. In order to facilitate the use of indicators,
the results of thyroid color Doppler ultrasound were
graded according to TI-RADS. The grading standard
was: Grade 3 and below, 4a, 4b, 4c and grade 5 were
divided into 0~4 points. The index score is based on
the diagnostic cut-off value in the ROC curve. If it is
greater than the cut-off value, it is recorded as 1 point
and if it is less than the cut-off value, it is recorded as
0 point!3-13],

The detection of markers in serum shall be carried out 12
h after fasting. The elbow vein blood of fasting patients
shall be taken and the serum sample shall be centrifuged
for 10 min under the setting of 3000 revolutions on the
centrifuge. The centrifuged serum shall be tested on the
computer and the above operations shall be completed
within 4 h. At the same time, the patient shall not use
drugs before serum testing.

The evaluation method of patient’s nodule size is that
TgAb negative patients are divided into large nodules
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and small nodules according to the size of thyroid
nodules. Those with thyroid nodule size of 1 cm or
more are rated as large nodules and those less than 1
cm is rated as small nodules.

Observation indicators:

The serum of patients was collected and the
levels of TSH, Tg and TgAbs were observed by
chemiluminescence method. The normal level range of
TSH is 0.15~5.5 mIU/I and the normal level range of
Tg is 2.5~7.7 pg/l, the normal range of TgAb level is
0~0.9 TU/ml.

Statistical analysis:

Statistical Package for the Social Sciences (SPSS) 22.0
software is used for statistical analysis of the collected
data. The measurement data of normal distribution is
represented by meantStandard Deviation (SD) (Xts)
and the test method is t-test. The measurement data
of non-normal distribution is represented by median
and the test method is Wilcoxon rank sum test. The
counting data were expressed by cases or rates and the
comparison between groups was used y*> inspection,
indexes the detection of thyroid nodules was compared
by ROC curve and the best critical value in index
prediction was determined by Youden index. Multiple
logistic regression model was used to calculate the
combined detection effect between multiple indicators
and Y value was used to represent the combined results.
p<0.05 showed that the data difference was statistically
significant.

RESULTS AND DISCUSSION

Patients with benign and malignant thyroid nodules
were compared. Fig. 1 shows the rank sum test results
of various test indexes between benign and malignant
patient groups. The figure shows that the TSH and
TgAb levels of patients in malignant group and the
scores in TI-RADS grading evaluation are higher than
the corresponding index levels and scores of benign
group, while the Tg level of patients in benign group is
higher than that of patients in malignant group. The test
shows that the differences are statistically significant
(p<0.05).

Fig. 2 shows the ROC curve comparison among various
items. Since the area under the curve of Tg in the ROC
curve is less than 0.5, the Tg curve does not participate
in the comparison. The curve shows that the area under
the curve of TSH is the smallest, 0.593, followed by
TgAb and the area under the curve is 0.636. The area
under the curve of TI-RADS is the largest, reaching
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0.804.

Comparison within TgAb negative group is shown
here. Fig. 3 shows the comparison of TSH/Tg ratio
between benign and malignant thyroid nodules in the
TgAb negative group. The figure shows that there are
130 benign patients, the TSH/Tg ratio is 229.40 (54.9,
1671.04) and 86 malignant patients and the TSH/Tg
ratio is 388.67 (207.82, 1109.37), there was significant
difference in the ratio between benign and malignant
patients in the group (Z=-3.624, p<0.05).

The predicted ROC curve of TSH/Tg ratio for
thyroid nodules is shown in fig. 4. The figure shows
that the diagnostic cut-off value of TSH/Tg ratio for
differentiating benign and malignant thyroid nodules is
178.92 1U/g, and the area under the ROC curve of TSH/
Tg ratio is 0.671.

Fig. 5 shows the ROC curve after the thyroid nodules
of patients in the TgAb negative group are divided into
large nodule group and small nodule group. In the large
nodule group, the combined ROC curve between TSH/
Tgratio, B-ultrasound score and ECT imaging score and
Y value are drawn by using multiple logistic regression
model as shown in fig. 5 (a). As can be seen from fig.
5 (a), the largest area under the curve in the thyroid
macronodule group is the Y value, which reaches 0.872
and the smallest is the thyroid ECT imaging score,
which is 0.547.

In addition, the TSH/Tg ratio and the area under the
curve of B-ultrasound integral was 0.657 and 0.721
respectively. The test results showed that (Z=2.094,
p<0.05). Fig. 5 (b) shows the drawing of ROC curve
of each index in thyroid small nodule group. Similarly,
it can be found that the area under the curve of Y value
reaches 0.794, followed by B-ultrasound integral, the
area under the curve reaches 0.693 and the area under
the curve of TSH/Tg ratio is 0.684.

Table 2 shows the comparison results of diagnostic
performance evaluation between large nodules and
small nodules in TgAb negative group. The table shows
that for the benign and malignant diagnosis of patients
with large nodules, the sensitivity and specificity of Y
value are higher than the other three indicators, and the
difference is statistically significant. In addition, the
comprehensive diagnostic coincidence rate of Y value
reaches 87.26 %, which is significantly higher than the
single diagnostic coincidence rate of TSH/Tg ratio,
B-ultrasound score and ECT imaging score and the
difference is statistically significant. In the small nodule
group, for the differentiation of benign and malignant,
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the highest sensitivity is TSH/Tg ratio, which reaches
96.61 %, followed by B-ultrasound score. However, in
the new evaluation of characteristics, TSH/Tg ratio and
B-ultrasound score are less than 50 %, the sensitivity
of Y value is 81.32 %, and the specificity is 73.97 %.
In the comparison of diagnostic coincidence rate, the
diagnostic efficiency of Y value reaches 77.11 %. It was
significantly higher than the diagnostic coincidence
rate of TSH/Tg ratio and B-ultrasound score and the
difference was statistically significant.

Comparison within TgAb positive group is shown here.
Fig. 6 shows the ROC curve drawn after the comparison
of diagnostic indexes of benign and malignant patients
in the TgAb positive group. From the curve comparison
in the figure, the largest area under the curve is the joint
detection Y value calculated by multiple regression,
which reaches 0.754, followed by the area under the
curve of TSH index, which is 0.729 and the smallest is
the area under the line of B-ultrasound score, which is
only 0.525.

The diagnostic performance of each index is compared
and the results are shown in Table 3. Table 3 shows that
in the comparison of TSH, B-ultrasound score and Y
value, the sensitivity and specificity of TSH score are
the lowest. The sensitivity and specificity between
B-ultrasound score and Y value are the same, reaching
91.30 % and 55.00 % respectively. The finally calculated
diagnostic coincidence rate also reaches 77.82 %.

Effect of combined diagnosis in subsequent experiments
is discussed here. Through the analysis of the diagnostic
performance of combined diagnosis in the differentiation
of benign and malignant thyroid nodules, the thyroid
and breast surgical patients in our hospital from May
2020 to September 2020 were identified and 30 patients
were randomly selected to draw the graph, as shown
in fig. 7. The benign and malignant thyroid nodules
were graded and the differential effect of combined Tg,
TSH, B-ultrasound and ECT imaging was evaluated
according to the judgment of doctors on the benign
and malignant thyroid nodules. Fig. 7 shows that there
is little difference between the overall results of 30
patients under the combined identification method and
the doctor’s diagnosis results. Among them, there is a
large difference between the combined identification
and the doctor’s diagnosis four times in the first 3 mo,
because the preliminary use of combined identification
is not skilled. With the increase of use time, there was
only a large difference between the identification results
of combined use and doctor’s diagnosis in the next 2
mo. In addition, from the results of 5 mo consultation,
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the overall similarity between combined identification
and physician diagnosis reached more than 98 %.

Thyroid cancer is one of the most rapidly rising
malignant tumors. It has developed into the most
common malignancy in China’s female population
after breast cancer. Thyroid cancer has also developed
into the eighth largest cancer in China. The occurrence
of thyroid cancer comes from the gradual malignant
lesions of thyroid nodules. Therefore, in order to
reduce the incidence of thyroid cancer, the primary task
is to start with the diagnosis and treatment of thyroid
nodules. According to relevant investigations, thyroid
diagnosis has been determined as a routine physical
examination item by more and more health institutions
and with the gradual development of B-ultrasound
technology, the diagnosis rate of thyroid nodules is also
increasing. However, with the increase of the diagnosis
rate of thyroid nodules, it leads to the over treatment of
thyroid nodules, which is mainly caused by the wrong
judgment of benign and malignant thyroid nodules in a
large number of diagnoses!'®!8], Preoperative benign and
malignant thyroid nodules is the key step to determine
the follow-up treatment plan of patients, so accurate
judgment of preoperative benign and malignant thyroid
nodules can ensure the normal diagnosis and treatment.
In a large number of studies and medical practice, it
has been repeatedly emphasized that the preoperative
identification of benign and malignant thyroid nodules
can help doctors make surgical decisions. Therefore,
the preoperative identification of thyroid nodules has
risen to a very important position"”. At present, the
identification methods of thyroid nodules are mainly
divided into imaging methods, pathological methods
and serum detection. In terms of detection effect, the
single imaging method lacks certain index support and
the same pathology and serum detection also lack the
support of the current situation of thyroid performance
in the image”. Therefore, this study will combine TG,
TSH, B-ultrasound and ECT imaging for combined
detection and analyze the combined effect, so as to
provide theoretical support for the clinical diagnosis of
benign and malignant thyroid nodules.

The results showed that the levels of TSH, TgAb and
TI-RADS in benign patients were lower than those in
malignant patients and the level of Tg was higher than
that in benign patients. From the above results, it can
be preliminarily seen that the benign and malignant
thyroid nodules can be reflected in the differences
in the grading evaluation of Tg, TSH, TgAb and TI-
RADS. The effect of each index in the differentiation
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of benign and malignant thyroid nodules can be further
analyzed through ROC curve. The curve results show
that TI-RADS classification has the best diagnostic
performance, while Tg has the worst single diagnostic
performance. From the above results, it can be seen that
the benign and malignant thyroid nodules are actually
manifested in the differences of Tg, TSH, TgAb and TI-
RADS grades and can also be diagnosed by a single
index in the diagnosis. However, some studies have
pointed out that a single index will still make serious
mistakes in diagnosis, so relevant joint detection
schemes have been proposed!!.

In order to analyze the diagnostic effect of combined
detection, TgAb yin and yang were grouped, and the
benign and malignant subgroups of patients with
thyroid nodules were analyzed. In the TgAb negative
group, first analyze the application effect of TSH/Tg
ratio. There is a difference in TSH/Tg ratio between
benign and malignant patients in the group and the ratio
of malignant patients is significantly greater than that of
benign patients. The test results show that the difference
is statistically significant. Drawing the ROC curve of
patients, it is found that the area under the curve of
TSH/Tg ratio is significantly better than that under the
application of TSH and Tg alone, indicating that the
combination of the two has improved the diagnostic
performance of benign and malignant thyroid nodules.
In addition, according to the nodule size of patients
in TgAb negative group, they were divided into large
nodule group and small nodule group. The scheme was
calculated by multiple logistic regression model. The
combined scheme was compared with TSH/Tg ratio,
B-ultrasound score and ECT imaging score. The results
showed that in the large nodule group, the Y value after
combined use had the largest offline area and there
was a significant difference with other identification
schemes. The test showed that the difference was
statistically significant. In the small nodule group,
it also showed that the Y value after combined use
had the largest offline area. The above results show
that the combined detection of the two schemes can
significantly improve the accuracy of differentiating
benign and malignant thyroid nodules, and show
that the diagnostic coincidence rate obtained by the
combined method is the highest in both large and small
nodules®??. In the TgAb positive group, the diagnostic
effects of combined Y value obtained by multiple
logistic regression model and other single indicators
were compared. It can be seen from the ROC curve that
the area under the curve shown by the Y value is larger
than that of other methods.
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Fig. 3: Comparison of TSH/Tg ratio between benign and malignant patients
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TABLE 2: ANALYSIS OF DIAGNOSTIC PERFORMANCE OF LARGE AND SMALL NODULES IN NEGATIVE

GROUP

Suscebtibilit Positive Negative Diagnostic
Index (F:/) y Specificity (%) predictive value predictive value coincidence
’ (%) (%) rate (%)
TSH/Tg 73.01 56.39 37.96 85.29 61.05
B-ultrasound 61.52 81.64 55.18 85.61 76.21

Large nodule integral
group ECT imaging 42.18 68.42 32.54 76.42 61.33

integral

Y value 92.26* 84.23* 68.77* 96.87* 87.26*

TSH/Tg 96.61 44.83 65.07 92.85 70.87
small nodule B-ultrasound 84.45 44.83 60.96 74.56 64.52
group integral

Y value 81.32 73.97* 75.01 80.01 77.11*
Note: *indicates p<0.05 compared with other indexes
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TABLE 3: ANALYSIS OF DIAGNOSTIC PERFORMANCE OF BENIGN AND MALIGNANT THYROID NODULES
IN POSITIVE GROUP

Positive predictive Negative Diagnostic
Index Susceptibility (%) Specificity (%) o predictive value coincidence rate
value (%) % %
(%) (%)
TSH/Tg 70.57 35.00 64.82 41.11 56.85
B-ultrasound 91.30 55.00 76.48 77.92 77.82
integral
Y value 91.30 55.00 76.48 77.92 77.82
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Interms ofthe diagnostic coincidencerate ofthe detection
scheme, for large thyroid nodules, the combination of
the scheme has the same diagnostic coincidence rate as
that of B-ultrasound, which shows that the combination
of multiple methods not only improves the diagnostic
performance of a single method, but also retains the
advantages of B-ultrasound detection. Finally, in order
to more clearly understand the application effect of
combined Tg, TSH, B-ultrasound and ECT imaging,
the follow-up patients in our hospital were empirically
analyzed. The results showed that the coincidence rate
between the combined method and the final doctor’s
diagnosis reached more than 98 %, which shows that
the combined Tg, TSH, B-ultrasound and ECT imaging
is effective in the identification of benign and malignant
thyroid nodules.

To sum up, in view of the deficiencies in the
identification of benign and malignant thyroid nodules
in clinical practice, the proposed combined Tg, TSH,
B-ultrasound and ECT imaging is effective in the
identification of benign and malignant thyroid nodules
before operation.

It can be seen from the results that the diagnostic
performance obtained by the combination of Tg, TSH,
B-ultrasound and ECT imaging is significantly better
than the single use of each diagnostic standard, which
is practical in clinical application. However, from
the content of the study, the combination mechanism
between various evaluation criteria has not been deeply
explored. Therefore, the next research scheme is to
deeply explore the combination mechanism, so as to
put forward a more ideal diagnostic method for the
clinical differentiation of benign and malignant thyroid
nodules.
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