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Purpose: To explore the separate diagnostic value of preoperative ultrasound (US), magnetic resonance imaging (MRI), and the
combination of US and MRI in extrathyroidal extension (ETE) of papillary thyroid carcinoma (PTC).

Materials and Methods: This retrospective study was approved by the Affiliated People’s Hospital of Jiangsu University review
board. A total of 158 PTC patients with ETE received preoperative US and MRI examination and underwent surgery between May
2014 and December 2018 in Affiliated People’s Hospital of Jiangsu University. For each case, the US and MRI features of ETE were
retrospectively and independently investigated by two radiologists. The clinical assessment for each case was implemented, respec-
tively, using US imaging only, MRI only, and a combination of both modalities at three different time points with one-month intervals.
Results: The diagnostic accuracies of US, MRI, and the combined set for T3 (minimal ETE) were 91.7% (88/96), 74.0% (71/96), and
97.9% (94/96), respectively, indicating a significantly different performance (P < 0.001). The diagnostic accuracies for T4 (extensive
ETE) were 62.9% (39/62), 87.1% (54/62), and 93.5% (58/62), respectively. The difference between the three methods for T4 was
statistically significant (P = 0.000). The diagnostic accuracies for overall ETE were 80.4% (127/158), 79.1% (125/158), and 96.2%
(152/158), respectively. The difference between the three methods for ETE was statistically significant (P = 0.001).

Conclusion: This study suggests that ETE can be predicted most accurately by the combination of preoperative US and MRI.
Keywords: thyroid cancer, ultrasonography, magnetic resonance imaging, neoplasm staging

Introduction

Papillary thyroid cancer (PTC) is the most common type of well-differentiated thyroid cancer.' > The malignant degree of
PTC is low, which is associated with low mortality and morbidity.' *°'* However, some PTCs (aggressive PTC variants such
as tall cell, columnar, hobnail, cribriform, T3 or T4 tumors, tumors with nodal metastases, N1a or N1b tumors with distant
metastases, tumors with extensive ETE, and so on) exhibit aggressive behavior and recurrence.””"''™'* Extrathyroidal
extension (ETE) is recognized as a significant factor influencing PTC prognosis and recurrence.**!%!13 ETE is a tumor
that grows outside of the thyroid gland and enters nearby or surrounding tissues. According to the American Joint Committee
on Cancer (AJCC) (Edition VIII) TNM staging of thyroid cancer, ETE is classified as (I) T3: minimal ETE (extension to
sternothyroid muscle or perithyroid soft tissues); and (II) T4: extensive ETE (extension to subcutaneous soft tissue, larynx,

trachea, esophagus, recurrent laryngeal nerve (RLN), or the prevertebral fascia.'* ETE, along with other factors such as age,
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tumor size, and cervical lymph node metastasis, has been established as an important prognostic factor. Extensive ETE has
significant clinical utility as a prognostic marker, potentially outweighing other prognostic factors.® Patients who had
extensive ETE had a 13-fold higher risk of recurrence.® The American Thyroid Association’s practice guidelines recommend
total thyroidectomy for patients with ETE and postoperative radioactive iodine ablation for patients with high-risk
PTCs.>%!11214 A a result, preoperative detection of ETE is critical not only for adequate nodal staging but also for surgical
planning.

Currently, ultrasound (US) is a common method for the initial diagnostic evaluation of ETE of PTCs in clinics.'> 2!
Previous research on the diagnostic performance of preoperative US for the determination of ETE of PTCs reported
numerous benefits, such as high-resolution imaging capability and ease of access.'”>' However, the US has several
limitations. The most important is operator reliance. Meanwhile, MRI is increasingly being used to image the thyroid
gland.'®*?72® Multiplanar section MRI of lesions can be used to visualize the thyroid anatomy in stereoscopic mode. MRI
has been proposed as a complementary method for assessing large tumors or extensive ETE, particularly the invasion of
adjacent structures (trachea, esophagus, and great vessels).'”?*2° There have been few studies to date on the value of
US, MRI, or a combination of the two in assessing ETE of PTC. As a result, the primary goal of this study was to assess
the feasibility and clinical utility of high-resolution US, MRI, and a combination of both in predicting ETE in patients
with PTCs.

Materials and Methods
Study Population

The study was conducted in accordance with the Declaration of Helsinki and the study was approved by the Ethics
Committee of Jiangsu University Affiliated People’s Hospital. Informed consent was obtained from all subjects involved
in the study. A search of the hospital’s database yielded 158 patients with surgically and pathologically confirmed PTCs
with ETE who underwent preoperative thyroid US and MRI at our institute between May 2014 and December 2018. This
study included 158 patients (59 males and 99 females) with a mean age of 48.9 years (range, 24—72 years). The male to
female ratio was approximately 1:1.68, with 86 (54.4%) over 45 years old and 72 (45.6%) under 45 years old. Among all
patients, 95 (60.1%) were diagnosed with PTC during a routine health examination, 34 (21.5%) had a neck mass
discovered by themselves, four (2.5%) had dysphagia, eight (5.1%) had hoarseness, and the remaining 17 (10.8%) had a
history of thyroid disease. All patients had a thyroid ultrasound and an MRI within two weeks before having a
thyroidectomy.

Instruments and Methods

US Examination

All patients had routine preoperative US performed by well-trained technicians using an iU22 (Philips Healthcare,
Eindhoven, the Netherlands) ultrasound system with a 5-12 MHz linear array transducer. The instrument was pro-
grammed to run a specific “Thyroid” program. During the examination, each patient was placed in a supine position with
a pillow removed and the head lowered and moved slightly backward to expose the neck as much as possible. First, the
thyroid was examined using two-dimensional ultrasound. The probe was placed beneath the thyroid cartilage. The
location, diameter, and number of nodules, as well as their sonographic manifestations, were determined using both
cross-sectional and longitudinal examinations. Color Doppler flow imaging (CDFI) was used to observe blood flow
distribution in and around the nodules after observing superficial and deep muscles, trachea, esophagus, and great vessels
surrounding the parathyroid gland.

MRI Examination

All examinations were carried out on two 1.5 Tesla MR scanners (GE Signa HD 1.5 TMR scanner; GE Healthcare
Systems, Milwaukee, WI, USA, and UIH uMR560 1.5T MR scanner, United Imaging Healthcare, Shanghai, China)
equipped with an eight-channel high-resolution receiver synergy-head/neck phased-array coil. TIWI, T2WI, DWI, and
contrast-enhanced MRI were all used in all MRI protocols. Conventional MRI: axial TIWI spin-echo (TR/TE=520/
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14ms), T2WI fast spin-echo (TR/TE=3500/95 ms) with and without fat suppression, and coronal T2WI (TR/TE = 3500/
95). DWI was acquired in three orthogonal directions using STIR fat-suppressed single-shot echo-planar imaging spin-
echo sequences at two different b values (0 and 500 s/mm?2). All patients had contrast-enhanced T1WI (TR/TE=520/
14ms) with or without fat suppression immediately following intravenous injection of 0.lmmol/kg Gd-DTPA
(Magnevist, Schering AG, Germany). Section thickness 3 mm, with a 1-mm intersection gap, FOV = 40x28 cm,
matrix = 256x256, number of excitations (NEX) = 4. The entire exam was completed in 30 minutes.

Image Analysis

Preoperative imaging with US and MRI was performed on all patients. Two experienced radiologists, each with 15 and 20
years of experience in head and neck MRI, reviewed the images and reached an agreement. The review of US and MRI images
was done independently over a two-week period. All US and MRI images were reviewed retrospectively and independently by
two radiologists for minimal ETE and invasion into the surrounding tissues of the trachea, esophagus, common carotid artery
(CCA), internal jugular vein (IJV), and RLN. In patients with multiple thyroid lesions, both reviewers were blinded to the
surgical and pathologic findings but were given information about the location and size of the index malignancy. Both
reviewers worked independently and were unaware of the patient’s clinical history, previous radiological findings, and final
diagnosis. The ETE of the PTCs was classified using AJCC guidelines (Edition VIII). Minimal ETE was defined as more than
25% of the lesion’s perimeter in contact with the thyroid capsule or loss of the echogenic capsule line at the lesion’s contact
site. Extensive ETE was defined as a tumor of any size that extended beyond the thyroid capsule and invaded the subcutaneous
soft tissues, larynx, trachea, esophagus, RLN, carotid artery, or mediastinal vessels.

Statistical Analysis

All statistical analyses were carried out using the SPSS 20.0 statistical software (SPSS Inc., Chicago, IL, USA). The
mean standard deviation was used to express continuous data. The findings of the US and MRI were compared to the
pathological results obtained after surgery. There was an agreement between the pathological findings and those of MRI-
identified ETE and US. The differences in patient age and thyroid nodule diameters were analyzed using an unpaired
Student’s #-test.

Results

Pathology confirmed ETE in all 158 PTC patients. There were 74 patients with right-sided lesions, 61 with left-side
lesions, and 23 with isthmus lesions. Lesions ranged in size from 0.8 cm to 4.6 cm, with a mean of 2.54 +0.88 cm. There
were 75 patients who had capsule extension, 24 who had extension into sternothyroid muscle, 27 who had extension into
the trachea, 20 who had extension into the esophagus, five who had extension into the great vessels, and ten who had
extension invaded the RLN. The pathological findings after surgery revealed that 96 patients had T3 carcinomas and 62
had T4 carcinomas.

Diagnosis of ETE T3 Staging of PTC

US correctly diagnosed 88 cases as T3 (Figure 1A and B), with an accuracy rate of 91.7% (88/96) and a misdiagnosis
rate of 8.3% (8/96); among them, five cases were diagnosed severely (Figure 2) and three cases were diagnosed
superficially. MRI correctly classified 71 cases as T3 (Figure 1C-E), with an accuracy rate of 74.0% (71/96) and a
misdiagnosis rate of 26.0% (25/96); 17 cases were classified severely and eight cases were classified superficially. The
combination of US and MRI correctly diagnosed 94 cases of T3, with an accuracy of 97.9% (94/96) and a 2.1% (2/96)
misdiagnosis rate. The differences in diagnostic accuracy between the three methods were statistically significant
(P<0.001, Table 1).

Diagnosis of ETE T4 Staging of PTC

A total of 39 cases were correctly diagnosed using US as T4, with an accuracy of 62.9% (39/62) and a misdiagnosis rate
of 37.1% (23/62); 8 cases were diagnosed severely and 15 cases were diagnosed superficially (Figure 3). MRI was used
to correctly diagnose 54 cases as T4, with an accuracy of 87.1% (54/62) and a misdiagnosis rate of 12.9% (8/62); four
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Figure | Images from a representative PTC patient with minimal ETE in the left thyroid lobe (male, 24 years old). (A) Transverse view of US image shows the lesion locally
protruded thyroid capsule (red arrow), (B) Doppler shows abundant blood flow signals in the peripheral and internal areas, (C) T2WI image, (D) fat-saturated T2WI image,
(E) contrast-enhanced T1WI image shows the lesion the locally protruded thyroid capsule (arrow), and (F) histopathological H&E (total magnification, 10%) image of a PTC
showing minimal ETE (extension to sternothyroid muscle).

Abbreviations: PTC, papillary thyroid carcinoma; ETE, extrathyroidal extension.

Figure 2 Images from a representative PTC patient with minimal ETE in the left thyroid lobe (female, 41 years old). (A) Transverse view of US image shows an oval
hypoechoic in the left thyroid lobe, protruded the anterior thyroid capsule (red arrow), invading the tracheal mucosa (blue arrow, over-diagnosis), (B) Doppler shows
abundant blood flow signals inside and a low blood flow signal around the thyroid capsule, (C) T2WI image, (D) fat-saturated T2WI image, (E) contrast-enhanced TIWI
image shows a round lesion in the left lobe of the thyroid with clear boundaries, protrusion of the lesion outside the anterior thyroid capsule (red arrow), and no invasion of
tracheal mucosa, and (F) histopathological H&E (total magnification, 10x) image of a PTC showing minimal ETE (extension to sternothyroid muscle).

cases were diagnosed severely, while four cases were diagnosed superficially. A total of 58 cases were correctly

diagnosed as T4 using a combination of US and MRI, with a 93.5% (58/62) accuracy rate and a 6.5% (4/62) misdiagnosis
rate. The differences in diagnostic accuracy between the three groups were statistically significant (P=0.000, Table 1).
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Table | Diagnostic Accuracy: Comparison of US, MRl and Combined Examination of ETE

ETE Stage n Examination Method P Ve
us MRI US+MRI

T3 96 91.7% (88) 74.0% (71) 98.0% (94) 0.000 1.319

T4 62 62.9% (39) 87.1% (54) 93.5% (58) 0.000 5.656

Overall 158 80.4% (127) 79.1% (125) 96.2% (152) 0.001 3.022

Diagnosis of Overall ETE of PTC

In total, 127 cases were correctly diagnosed using US as the overall ETE, with an accuracy rate of 80.4% (127/158) and a
misdiagnosis rate of 19.6% (31/158); 125 cases were correctly diagnosed using MRI as the overall ETE, with an
accuracy rate of 78.1% (125/158) and a misdiagnosis rate of 20.9% (33/158). The combined use of US and MRI correctly
diagnosed 152 cases as overall ETE, with an accuracy of 96.2% (152/158) and a misdiagnosis rate of 3.6% (6/158). The
diagnostic accuracy differences between the three groups were statistically significant (P=0.001, Table 1).

Discussion

In this study, we evaluated the diagnostic performance of preoperative high-resolution US, MRI, and a combined set of
both for the prediction of ETE in patients with PTCs. According to the results, the combination of preoperative US and
MRI performed the best in predicting ETE in PTC patients.

The presence of ETE is regarded as significant and has been included as a staging variable in almost all prognostic
scoring systems. The reported incidence of ETE in the literature ranges from 5% to 34%."*">"!3 Currently, methods of
imaging ETE of PTC include US, CT, MRI, radionuclide imaging, and others. US is the preferred method for ETE due to
a number of advantages such as the absence of radiation, the absence of pain, real-time dynamic imaging, and so on. US
can provide higher spatial resolution, more clearly display the normal thyroid capsule, and achieve higher accuracy in the
diagnosis of micro ETE. Several previous studies demonstrated the relatively good predictability of US findings for

Figure 3 Images from a representative PTC patient with extensive ETE in the left thyroid lobe (male, 46 years old). (A) Transverse view of US image shows (under-
diagnosis) displaying an oval-like hypoechoic mass beside the left lobe of the thyroid near the trachea (blue arrow), no invasion of tracheal mucosa, (B) CDFI showing a
smaller blood flow signal in the periphery and interior; (C) T2WI image, (D) T2WI image, (E) the DWI imaging, and (F) fat-saturated contrast-enhanced T1WI image shows
the mixed-signal lesion, which was round and had partially broken through the thyroid capsule and invaded the trachea (red arrow).

Cancer Management and Research 2022:14 heeps: 1289

Dove!


https://www.dovepress.com
https://www.dovepress.com

Hu et al Dove

minimal ETE.'®'®2! The diagnostic accuracies of the US in this study for minimal ETE and extensive ETE were 91.7%
and 62.9%, respectively, which was consistent with previous studies’ findings. However, the inherent characteristics of
US limit its application in clinics. It is heavily influenced by the operator’s subjectivity during scanning, such as artificial
compression or omission of marginal small lesions, resulting in unclear lesions. Furthermore, because the central region
of the upper respiratory tract tissues is occluded by gas interference in the trachea, it is impossible to clearly display the
fine structure of those tissues and determine whether the PTC has extended into tracheal mucosa.

MRI is a common imaging technique for diagnosing ETE of PTC. Anatomical imaging with MRI is more intuitive
than US and is less affected by the examiner’s subjectivity. It is also easier to precisely locate the tumor prior to surgery
and to display tissues that are inaccessible to US, such as the mediastinum and parapharynx. Furthermore, it allows for
good soft tissue resolution and can precisely stage lesions and define peripheral invasion prior to surgery. As a result,
MRI is more effective than US in assessing extensive ETE. In this study, US only indicated an invasion of the thyroid
capsule in four cases of PTC invasion of tracheal mucosa. MRI, on the other hand, has a higher resolution and is
unaffected by the presence of skeleton or gas, allowing it to clearly show the boundary of tumors and their relationship
with the trachea. It indicated that the PTC had invaded the tracheal mucosa in these cases. With the advancement of new
technology, MRI can now assess the extent of PTC invasion of the RLN, as well as display its continuity and abnormal
signal intensity around the lesion. MRI is an important imaging technique for predicting PTC invasion of the RLN.
However, it has limitations. For example, MRI cannot be used on patients who have metal in their bodies. It is
calcification insensitive and prone to artifacts. It has a poor spatial resolution as well. Furthermore, patients with a
history of contrast agent allergy cannot have an enhanced MRI examination.

The principles of US and MRI are not the same. They can observe lesions from multiple angles and layers, make a
thorough and accurate diagnosis of ETE, and provide a solid foundation for clinical treatment. In this study, the
diagnostic accuracy of the US for ETE was 80.4%, with a 19.6% misdiagnosis rate. The diagnostic accuracy of MRI
was 79.1%, with a 20.9% misdiagnosis rate. When they were combined, they had a diagnostic accuracy of 96.2% and a
misdiagnosis rate of 3.6% indicating that the combined set is significantly better than either modality alone. Because US
has good tissue resolution on the thyroid and MRI has good density resolution, their combination improved the
diagnostic accuracy of ETE of PTC and reduced the misdiagnosis rate. As a result, the complementary advantages of
the two methods are extremely important for improving the detection of ETE in PTC. A combined diagnosis is more than
just a combination of US and MRI diagnosis results. In patients with a small mass and clear microcalcification, US
examination should be prioritized, whereas MRI examination should be prioritized in patients with a large mass. Patients
can be diagnosed using US first, and those with suspicious or unclear diagnoses can be further diagnosed using MRI,
followed by a comprehensive analysis based on the two methods.

Limitations of the Study

Our study had several limitations. First, one major limitation of this study was the low prevalence of invasion of the
esophagus, trachea, and RLN in the study group. This low prevalence may have influenced the accuracy of experimental
results. Second, this was a retrospective study. As a result, selection bias may have existed. Third, this study did not use a
combined set of US and MRI data for tumor staging. In conclusion, both methods have distinct advantages and
disadvantages. The US can be used as a primary screening method, while the MRI can be used as an additional
supplementary examination. In this context, combining US and MRI improves ETE of PTC diagnostic accuracy and

provides a more reliable foundation for clinical treatment.
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