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Role of Computed
Tomography in evaluation of
invasion and regional lymph
nodes metastasis in patients

with thyroid cancer

Treong Thuy My'?, Lam Diem Phuwong'?, Dang Vinh
Hiep!, Huynh Quang Huy'*

ABSTRACT

Background: Vietnam reported 5471 new thyroid cancer patients which rank
tenth in 2020. The sensitivity of computed tomography (CT) is higher than
ultrasound in evaluation of invasive thyroid cancer and the lymph nodes
metastasis. Materials and methods: One hundred and four patients (72 women,
32 men; age range 16 — 80 years; mean 44 years) with 116 malignant tumors of
the thyroid were enrolled in this descriptive study. All patients were
performed a neck contrast-enhanced CT and the results were compared with
the surgical and histopathologic findings. Results: The features of thyroid
cancer on CT include irregular margins, unclear boundaries, calcification and
strong contrast enhancement after injection. The sensitivity (Se), specificity
(Sp), positive predictive value (PPV) and negative predictive value (NPV) of
CT were as follows: 99%, 84.6%, 98.1% and 91.7% for capsular invasion;
98.7%, 97.4%, 98.7% and 97.4% for invasion of strap muscles; 85.7%, 97.2%,
66.7% and 99% for invasion of subcutaneous soft tissues; 77.3%, 98.9%, 94.4%
and 94.9% for tracheal invasion; 76.5%, 98.9%, 92.9% and 96.1% for
esophageal invasion; 83.3%, 100%, 100% and 99% for invasion of blood
vessels. The rate of lymph node metastasis in thyroid cancer was high and the
central cervical lymph node group predominates. Conclusion: CT can be a
valuable tool for evaluation of invasive thyroid cancer and the lymph nodes

metastasis.

Keyword: Thyroid cancer, computed tomography, invasion, lymph nodes

metastasis.

1. INTRODUCTION

Thyroid cancer ranks ninth in the prevalence among common cancers and has
about 586,000 cases worldwide in 2020. In Vietnam, thyroid cancer ranks
tenth in the high incidence group with 5471 cases, 642 deaths were recorded
in 2020. According to statistics, the incidence rate in women is 7.6/100,000 and
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four times higher in male is 1.9/100,000 (Sung et al., 2021). Currently, ultrasonography is widely used to assess the risk of
malignancy of thyroid nodules and to guide fine-needle aspiration (FNA) to look for abnormal cells (Haugen et al., 2016; Raslan et
al., 2020).

However, ultrasound only evaluates about 50% of regional lymph nodes detected during surgery (Yeh et al., 2015). Therefore,
computed tomography (CT) or magnetic resonance imaging (MRI) with intravenous contrast is indicated preoperatively in clinical
cases of suspected disease progression, invasive primary tumor or evaluation entire regional lymph nodes (Haugen et al., 2016; Yeh
et al., 2015; Jambi, 2022). Although MRI is better in tissue contrast than CT, it is affected by respiratory and swallowing artefacts,
artifact due to different magnetic sensitivities between cervical soft tissue and tracheal air (Haugen et al., 2016; Miyakoshi et al.,
2007).

In Vietnam, CT is a common imaging tool, non-invasive, not time consuming, not too expensive and especially popular in most
medical facilities. CT has better sensitivity than ultrasound in evaluating regional lymph nodes, especially mediastinal,
retropharyngeal and paratracheal nodes (Haugen et al., 2016; Suh et al., 2016; Ahn et al., 2008). Besides, CT is superior in evaluating
primary tumors that invade nearby organs such as larynx, trachea and esophagus; invasion of blood vessels or muscles of the neck;
evaluate the size of large tumor hanging into the mediastinum (Haugen et al., 2016; Yeh et al., 2015).

Therefore, we carried out this study to describe the characteristics of thyroid cancer on CT scan and compare it with the results
of surgery and pathology to determine the value of CT in the assessment of invasion and metastasis of regional lymph nodes in

patients with thyroid cancer.

2. METHODS

Participants
All patients with a clinical diagnosis of thyroid cancer underwent CT, had surgery with full reports and had histologically
confirmed malignant tumor in the thyroid gland.

Exclusion criteria
Patient did not have a complete surgical report; Patients with pathological results are not clear to confirm the diagnosis; The

operated and treated patient has retaken a CT to monitor the progression of the disease.

Study design
A descriptive, retrospective and prospective cross-sectional study was carried out between August 2022 and March 2023.

Methods of selection of participants

All cases that met the sampling criteria were included in the study sample.

Research facilities
64-row computer tomography machine with Optima 660 generation receiver and 16-row computerized tomography machine with
BrightSpeed Elite generation of GE at Ho Chi Minh City Oncology Hospital.

Multi-probe CT scanning procedure in thyroid cancer patients
Patient position: Supine on the scanning table, head placed symmetrically on both sides. Scout shooting: Anteroposterior 700mm
survey area (AP). Place the axial cut along the body, taking from the cranial base to the adrenal gland.

Reading of results

The results of CT are read together with experienced radiologist. Use techniques such as window change, thin-slice reconstruction
with multi-plane... to identify and evaluate tumor

Determine the location, size, structure and characteristics of the tumor to be investigated. Assess the extent and invasion of the
suspected lesions with adjacent structures.

Determine lymph node location, lymph node group distribution, contrast enhancement properties and surrounding lymph node

involvement.
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Data collection method
Collect other information from the medical record: Clinical diagnosis, imaging results, cytology and pathology and procedure
reports. View the CT images stored on the PACS system. Compare CT images with surgical and pathological results to determine

the value of CT in the assessment of regional lymph node invasion and metastasis in patients with thyroid cancer.

Statistical methods
Data was analyzed by SPSS 26.0. Qualitative variables are presented as frequencies and percentages. Quantitative variables are
presented as mean and standard deviation. x2 is used to compare two proportions. A p value < 0.05 is considered to be significance.

3. RESULTS

There were 104 patients diagnosed with thyroid cancer, of which 116 thyroid tumors were surveyed.

Imaging characteristics of thyroid cancers on CT

The tumors distributed mainly in two lobes of the thyroid gland, in which the right lobe is 58 lesions, accounting for 50%. The left
lobe is less with 54 lesions, accounting for 46.6% and the isthmus has only 3 lesions (2.6%). Recorded 1 lesion outside the thyroid
gland (soft part of the anterior neck area, accounting for 0.8%) (Figure 1).

Anterior
neck,
0.8%

Isthmus,
2.6%

\

Figure 1 Location of thyroid cancers
Lesions ranging in size from 9mm to 160mm were divided into three main groups. Lesions are mainly > 40mm with the rate of
35.4%. Lesions < 20mm and 20-40mm have the rate of 21% and 33.6%, respectively (Table 1). Most of the tumors share common

features such as: Irregular margins, unclear boundaries, calcifications and strong contrast enhancement after injection (Table 2).

Table 1 Characteristics of thyroid cancers size

Size n %
<20mm 36 31
20 -40mm | 39 33.6
>40mm 41 354
Overall 116 | 100
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Table 2 Other characteristics of thyroid cancers on CT

Characteristics n %

Irregular margins 116 | 100
Unclear boundaries 111 | 95.7
Calcification 75 64.7
Strong contrast enhancement | 107 | 92.2

Invasive and metastatic characteristics of thyroid cancer: CT vs. surgery
Most of the lesions evaluated on CT were characterized by capsular invasion (89.7%), followed by invasion of the anterior neck
muscle with 66.4%. Lesions invading the trachea and esophagus are more than 10%. Subcutaneous soft tissue invasion, vascular

invasion were uncommon and there was no mediastinal invasion (Table 3).

Table 3 Invasive characteristics of thyroid cancers on CT

Characteristics
Characteristics on CT on surgery Overall
Yes No
) ) Yes 102 2 104
Capsular invasion
No 1 11 12
Anterior neck Yes 76 1 77
muscles invasion No 1 38 39
Subcutaneous soft | Yes 6 3 9
tissue invasion No 1 106 107
Yes 17 1 18
Tracheal invasion
No 5 93 98
Esophageal Yes 13 1 14
invasion No 4 98 102
o ) Yes |5 0 5
Angioinvasion
No 1 110 111
Mediastinal Yes 0 0 0
invasion No 0 116 116

Among 104 patients with thyroid cancer: 70 patients with cervical lymph node metastasis, accounting for 67.3%; 34 patients had
no cervical lymph node metastasis, accounting for 32.7%. The rate of metastasis of cervical lymph node in thyroid cancer was quite
high.

Value of CT to evaluate the invasion
Invasive features investigated on computed tomography mostly have high sensitivity and specificity over 70%. The esophageal
invasive feature had the lowest sensitivity with 76.5%. The feature of vascular invasion has the highest specificity with 100% and

the feature with the lowest specificity is capsule invasion with 84.6% (Table 4).

Table 4 Values of CT in invasive evaluation of thyroid cancer

Characteristics Sensivity (%) | Specificity (%) | PPV (%) | NPV (%) | Accuracy (%)
Capsular invasion 99.0 84.6 98.1 91.7 97 .4
Anterior neck muscles invasion 98.7 97.4 98.7 97.4 98.2
Subcutaneous soft tissue invasion | 85.7 97.2 66.7 99.0 96.6
Tracheal invasion 77.3 98.9 944 949 94.8
Esophageal invasion 76.5 98.9 92.9 96.1 95.7
Angioinvasion 83.3 100 100 99.0 99.1
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The overall sensitivity and specificity when examining all groups of lymph nodes is higher than 80%. Particularly, the lateral
cervical lymph node group has higher sensitivity and specificity than the central cervical lymph node group. The positive
predictive values were all higher than 90%. However, the NPV was much lower even though all groups are above 60%. Accuracy
for lateral cervical lymph node group was the highest with 90.9% (Table 5).

Table 5 Values of CT in evaluation the metastasis of lymph node in thyroid cancer

Characteristics Sensivity (%) | Specificity (%) | PPV (%) | NPV (%) | Accuracy (%)
Lymph node overall 89.8 84.8 96.5 64.5 88.9
Central cervical lymph node group | 87.2 75.0 90.7 67.7 84.0
Lateral cervical lymph node group | 90.7 921 98.6 62.5 90.9

4. DISCUSSION

Characteristics of thyroid cancer on computed tomography

The lesions were mainly located in both lobes of the gland that the right lobe was 58 lesions (50%) and the left lobe was 54 lesions
(46.6%). Lesions in the isthmus area were rare (2.6%) and only one lesion outside the thyroid gland was investigated. According to
Ramundo et al., (2019) investigated 44 malignant thyroid nodules, the lesions in the right lobe accounted for 52.3%, the left lobe
accounted for 45.5% and the isthmus accounted for 2.2%. Zhang et al., (2020) studied 49 thyroid malignancies which they found that
most of them were detected in the right lobe (46.9%) and left lobe (49%). They rarely found lesions in the isthmus region (4.1%)
(Zhang et al., 2020).

We noted an extrathyroidal lesion in the neck region, which may be an ectopic thyroid tissue and a malignant lesion. According
to Klubo-Gwiezdzinska et al., (2011) and Lianos et al., (2013), ectopic thyroid cancer is quite rare, accounted for < 1%. Our results
about the location of thyroid lesions are similar to those of other authors around the world, which tumors are mainly located in two
thyroid lobes, rarely in the isthmus and very rarely in extrathyroidal lesions. 116 lesions had sizes ranging from 9mm to 160mm and
most of these lesions were >40mm (35.4%). Lesions from 20-40mm also have the same rate as 33.6% and lesions < 20mm account for
only 21%.

According to Cramer et al., (2010) reported on 29,425 thyroid malignant lesions, the proportion of tumors with size < 20mm
accounted for 66.9%, size 20-50mm accounted for 29.5%. The difference in lesion size distribution in our study and that of Cramer et
al., (2010) may be due to our much smaller sample size (116 vs. 29425) and we only studied the lesions on CT, does not investigate
all thyroid lesions detected by ultrasound. Heterogeneous margins features were present in all 116 lesions. Besides, the
characteristic of unclear boundaries could not be determined and strong contrast treatment accounted for a high rate with 95.7%
and 92.2%, respectively. Particularly, the calcification in the lesion accounted for only 64.7%. Thus, most thyroid cancer lesions have
common features such as: Irregular margins, unclear boundaries, calcification and strong contrast enhancement after injection.

According to Wu et al., (2012) calcification is present in approximately 57% of thyroid malignancies on computed tomography.
Zhang et al., (2020) concluded that the malignant thyroid nodules on computed tomography often have features such as: Irregular
margins (57.1%), unclear boundaries (75.5%) and strong contrast enhancement (75.5%). Our study is similar to other authors when
describing malignant thyroid lesions on computed tomography.

Invasive features of thyroid cancer on computed tomography

Most of the lesions evaluated in our study have the features of capsular invasion, accounting for 89.7%. Lesions located close to the
capsule tend to be more invasive. Se, Sp, PPV and NPV were 99%, 84.6%, 98.1% and 91.7%, respectively, p value < 0.001. Chung et
al., (2020) reported the encapsulation rate of 47.3% (783/1656) in papillary thyroid cancer on ultrasound. According to Lee et al.,
(2014), the rate of capsular invasion is (46.2%) when evaluated simultaneously on ultrasound and computed tomography. Liu et al.,
(2018) studied 381 patients and recorded the encapsulation rate of 62.2%.

The higher rate of capsular invasion in our study may be due to the limited sample survey (116 versus 1,656 lesions) and the
larger proportion of lesions >20mm (69%), in the study of Chung et al., (2020) the lesion size was mainly < 10mm (55.6%). Out of a
total of 116 lesions surveyed, 77 lesions invaded the anterior neck muscle, accounting for 66.4%. The values were 98.7%, 97.4%,
98.7% and 97.4% for Se, Sp, PPV, NPV, respectively, p value < 0.001. In previous study on 4045 patients, there were 371 patients
with thyroid lesions invading the anterior neck muscle (accounting for 9.2%). The study also showed that this invasion is associated

with large lesions, multiple lesions, with lymph node metastasis and distant metastasis (Li et al., 2020).
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Rosario et al.,, (2019) studied 182 patients and showed signs of invasion of the anterior neck muscle, accounting for 44%.
According to Jin et al., (2015), a survey of 967 papillary thyroid cancer patients who were indicated with surgery recorded 476
patients with invasion beyond the thyroid gland, in which the rate of invasion of the anterior neck muscle was 25.4%. The
characteristics of soft tissue invasion on computed tomography were only 7.8% in our study. The diagnostic values were 85.7% (Se),
97.2% (Sp), 66.7% (PPV) and 99% (NPV), respectively, p value < 0.001.

The characteristics of tracheal invasion on computed tomography accounted for 15.5% in our study. The values were 77.3%,
98.9%, 94.4% and 94.9% (Se, Sp, PPV and NPV respectively), p value < 0.001. Features of esophageal invasion on computed
tomography were determined with 12.1%. The values were 76.5%, 98.9%, 92.9% and 96.1%, respectively, p value <0.001. In terms of
vascular invasion, we evaluated including invasion of common carotid artery, internal jugular vein or internal carotid artery, our
study showed that vascular invasion accounted for 4.3%. The values were 83.3%, 100%, 100% and 99%, respectively, p value < 0.001.

Seo et al., (2010) studied 86 malignant thyroid lesions with invasive manifestations on computed tomography, showing that
25.6% invaded the trachea; 8.1% invaded the esophagus; 5.8% invaded vascular invasion. In a study by Kim et al., (2014) on 75
patients, the rate of tracheal invasion was 13.3%, esophageal invasion was 9.3% and vascular invasion was 9.3%. According to
Ibrahimpasic et al., (2013), they evaluated on 91 patients and the results showed that tracheal invasion accounted for 19.8%,
esophageal invasion was 16.5% and vascular invasion was 3.3%.

Of the total 104 patients we studied, 70 patients had cervical lymph node metastasis; accounting for 67.3% and 371 groups of
lymph nodes were dissected. Of which, 305 groups of lymph nodes were identified as metastatic lymph nodes on pathology. The
data show that the central cervical lymph node (group VI) predominates with 78/371 groups of nodes. In the group of lateral
cervical lymph nodes, group IV lymph nodes have the highest rate, accounting for 19.8%. The lateral cervical lymph node group Va
was presented as the lowest percentage and there was no cervical lymph node group I. The metastasis rate of the central cervical
lymph node group was 73.6%; the metastasis rate in the lateral cervical lymph node group was 85.7%.

According to Lee et al., (2013), evaluating on 410 groups of lymph nodes showed that the metastasis rate of lymph nodes in the
central and the lateral cervical was 32.4% and 50%, respectively. According to Ahn et al., (2008), the metastasis rate of lymph node
in cervical is 64%. In which, the rate of metastasis to the central cervical lymph nodes is 67.3%, the lateral cervical lymph nodes are
62.7% (Ahn et al., 2008).

5. CONCLUSION

The features of thyroid cancer on CT include irregular borders, unclear boundaries, calcification and strong contrast enhancement
after injection. The lesions in the study were mainly > 40mm in size with the rate of 35.4%. Thyroid cancer invades the capsule and
anterior neck muscle more often than invades the trachea and esophagus and rarely invades blood vessels and subcutaneous soft
tissue. There were no mediastinal invasion lesions in our study. The metastasis rate of lymph node is high and the central cervical
lymph node group predominates. CT has high value in the assessment of regional invasion of lymph node and metastasis in

thyroid cancer patients.
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