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Thyroid nodule (C- TIRADS 4)- CEUS
examination retrospectively collected
from September 2019 to February 2023
in Sheng Jing hospital of China Medical
University (n=571

Exclusion:

* Without pathological results (n=15) or the results are

Bethesda I (n=4), Bethesda III (n=39), Bethesda IV (n=2)

CEUS procedure without “flash” procedure (n=105)

Nodules with macro-calcification in 2D-US (n= 16)

* Poor image quality (n=30) or incomplete clinical data
collection (n=47)

¥

‘ Inclusion of eligible patients (n=313, ’

malignant=203, benign=110))

at a ratio of 9:1

| |

‘ training cohort (n=282) ’ Test cohort (n=31) ’

(malignant=182, benign=100) (malignant=21, benign=10)
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——— TIRADS of junior radiologist (AUC=0.755)
~—— CEUS of junior radiologist (AUC=0.750)

~—— TIRADS+CEUS of junior radiologist (AUC=0.784)
~— TIRADS of senior radiologist (AUC=0.800)

~ CEUS of senior radiologist (AUC=0.873)

~ TIRADS+CEUS of senior radiologist (AUC=0.890)
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—— XGBOOST(AUC=0.923)
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According to the date of RAI therapy, patients

were divided into four groups

Exclude:  gastrointestinal  surgery;
patients with probiotics, antibiotics,
non-steroid anti-inflammatory drugs
(NSAID), proton pump inhibitors (PPI)

or antiemetic properties.

Without antiemetics (between Pantoprazole (between July Metoclopramide (between Ondansetron (between

March 2016 and June 2018) 2018 and December 2019) March 2020 and June 2021) July 2021 and June 2022)

Refused (n=14) Refused (n=19) Refused (n=29)
GI diseases (n=14)

GI diseases (n=6) GI diseases (n=10) Gl diseases (n=11)
Insufficient data (n=58)

Insufficient data (n=27) Insufficient data (n=15) Insufficient data (n=9)

Control group Pantoprazole group Metoclopramide Ondansetron group

(n=428) (n=434) group (n=442) (n=451)
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Training cohort (n=282) Test cohort (n = 31)

Characteristics Total (n = 282)  Benign(n = 100)  Malignant (n =182) p

Age (years) 4457 + 1231 4812 + 125 4262 £ 11.79 0000* | 4552 % 11.47 0.683
Sex 0.429 0.497
Female 224 (79.4%) 82 (82.0%) 142 (78.0%) 23 (74.2%)

Male 58 (20.6%) 18 (18.0%) 40 (22.0%) 8 (25.8%)

Number 0.000* 0.691
Single 99 (35.1%) 19 (19.0%) 80 (44.0%) 12 (38.7%)

Multiple 183 (64.9%) 81 (81.0%) 102 (56.0%) 19 (61.3%)

Size (mm)

Maximum diameter 10.67 £ 9.07 15.1 £ 12.14 824 552 0.000* 102 £7.83 0.779
Location 0.133 0595
Upper pole 64 (22.7%) 23 (23.0%) 41 (22.5%) 10 (32.3%)

Middle 112 (39.7%) 37 (37.0%) 75 (41.3%) 10 (32.2%)

Subthyroid pole 77 (27.3%) 34 (34.0%) 43 (23.6%) 7 (22.6%)

Isthmus 29 (10.3%) 6 (6.0%) 23 (12.6%) 4 (12.9%)

Hashimoto Background 0917 0.377
Yes 46 (16.3%) 17 (17.0%) 29 (15.9%) 7 (22.6%)

No 236 (83.7%) 83 (83.0%) 153 (84.1%) 24 (77.4%)

Solid composition 0.007* 1.000
Yes 278 (98.6%) 96 (96.0%) 182 (100%) 31 (100%)

No 4 (1.4%) 4 (4.0%) 0 0

Very low echogenicity 0.150 0.860
Yes 16 (5.7%) 3 (3.0%) 13 (7.1%)) 2 (6.5%)

No 266 (94.3%) 97 (97.0%) 169 (92.9%) 29 (93.5%)

Microcalcification 0.043* 0.075
Yes 89 (31.6%) 24 (24.0%) 65 (35.7%) 5 (16.1%)

No 193 (68.4%) 76 (76.0%) 117 (64.3%) 26 (83.9%)

Shape (Aspect ratio) 0.000* 0.971
>1 81 (28.7%) 12 (12.0%) 69 (37.9%) 9 (29.0%)

<1 201 (71.3%) 88 (88.0%) 113 (62.1%) 22 (71.0%)

Margin 0.000% 0.279
Regular 144 (51.1%) 72 (72.0%) 72 (39.6%) 19 (61.3%)

Trregular 138 (48.9%) 28 (28.0%) 110 (60.4%) 12 (38.7%)

Enhanced intensity 0.000* 0.148
Hyperenhancement 54 (19.2%) 36 (36.0%) 18 (9.9%) 10 (32.3%)

Iso-enhancement 149 (52.8%) 32 (32.0%) 47 (25.8%) 16 (51.6%)

Hypoenhancement 79 (28.0%) 32 (32.0%) 117 (64.3%) 5 (16.1%)

Homogeneity 0.000* 0.150
Homogeneous 108 (38.3%) 56 (56.0%) 52 (28.6%) 16 (51.6%)

Heterogeneous 174 (61.7%) 44 (44.0%) 130 (71.4%) 15 (48.4%)

Centripetal 0.699 1.000
enhancement 28 (9.9%) 9 (9.0%) 19 (10.4%) 3 (10%)

Yes 254 (90.1%) 91 (91.0%) 163 (89.6%) 28 (90%)

No

‘Wash-in 0.001* 0.180
Synchronous 133 (47.2%) 51 (51.0%) 82 (45.1%) 20 (64.5%)

Later 116 (41.1%) 29 (29.0%) 87 (47.8%) 9 (29.0%)

Earlier 33 (11.7%) 20 (20.0%) 13 (7.1%) 2(6.5%)

‘Wash-out 0.337 0.731
Synchronous 180 (63.8%) 64 (64.0%) 116 (63.7%) 22 (71.0%)

Later 44 (15.6%) 12 (12.0%) 32 (17.6%) 4 (12.9%)

Earlier 58 (20.6%) 24 (24.0%) 34 (18.7%) 5 (16.1%)

*Represents P <0.05. Numerical data are presented as mean + standard deviation. Categorical data are presented as numbers (%).
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Models SEN SPE PPV NPV ccuracy (e

Junior radiologist C- TIRADS 0720 0791 0.864 0.604 0.744 0755
(0.651,0.779) (0.701, 0.860) (0.801, 0.910) (0.519, 0.683) (0.698, 0.812)

Junior radiologist CEUS 0764 0.736 0.842 0.628 0.754 0.750
(0.698, 0.819) (0.642, 0.814) (0.780, 0.890) (0.538, 0.710) (0.692, 0.808)

Junior radiologist C- TIRADS+CEUS 0941 0.627 0.823 0.852 0.831 0.784
(0.897, 0.968) (0.529, 0.716) (0.767, 0.869) (0.752, 0.918) (0.698, 0.812)

Senior radiologist C- TIRADS 0.768 0.836 0.897 0.662 0.792 0.800
(0.703, 0.823) (0.751, 0.898) (0.839,0.936) (0.576, 0.739) (0.747, 0.853)

Senior radiologist CEUS 0.882 0.864 0.923 0.800 0.875 0.873
(0.827,0.921) (0.782, 0.920) (0.873, 0.955) (0.713, 0.864) (0.828, 0.918)

Senior radiologist C- 0970 0.809 0.904 0.937 0.914 0.890
TIRADS+CEUS (0.934, 0.988) (0.721, 0.875) (0.855, 0.938) (0.862, 0.974) (0.844, 0.936)

C- TIRADS, Chinese version of thyroid imaging reporting and data system; CEUS, contrast-enhanced ultrasound; PPV, positive predictive value; NPV, negative predictive value; AUC, area
under the receiver operating characteristic curve; SEN, sensitivity; SPE, specificity; PPV, positive predictive value; NPV, negative predictive value.
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Parameter SVM LR DT GBDT XGBOOST

Training Test Training Test Training Test Training Test Training Test Training Test
[elelglelqd cohort cohort cohort cohort cohort cohort cohort cohort cohort [elelglelq cohort
AUC 0746 0735 0867 0.808 ! 0843 1 0936 0.999 (0.998-1) 0916 1 0923
(0707-0786) | (0.615-0854) | (0839-0895) (0709~ 0.907) (0.757-0.929) (0.884-0.988) (0:854-0.978) (0.864-0.984)
ACC 0741 075 0791 0.807 1 0.864 1 0898 099 0.864 1 0841
SEN 0671 0643 0813 0.679 1(0:985-1) 0786 1(0985.1) 0821 0988 0857 1(0985-1) 0893
(061-0726) (0458-0.793) | (0761-0.857)  (0.493,0821) (0.605-0.898) (0.644-0.921) (0966-0996) | (0.685-0.943) (0.728-0.963)
SPE 0773 08 0781 0.867 1(0993-1) 09 1(0993,1) 0933 0991 0.867 1(0993-1) 0817
(0736-0807) | (0682-0.882) | (0744-0814) (0758, 0.931) (0799-0.953) (0841-0.974) (0978-0996) | (0.758-0931) (0.701-0.894)
PPV 0.581 06 0635 0.704 1(0985-1) 0786 1(0985-1) 0852 0.98 075 1(0985-1) 0694
(0523-0636) | (0423-0754) | (0581-0.685)  (0.515-0841) (0605-0.898) (0.675-0.941) (0955-0992) | (0.579-0.867) (0531-0.82)
NPV 0834 0828 0899 0.852 1(0993-1) 09 1(0.993-1) 0918 0994 0929 1(0993-1) 0942
(0.798-0864) | (0711-0.904) | (0869-0923)  (0.743-092) (0.799-0.953) (0822-0.961) (0.984-0.998) (083-0972) (0:844098)
Fl-Score 0741 0621 0713 0,691 1 0786 1 0836 0984 08 1 0781

SVM, support vector machine; LR, logistic regression; DT, decision tree; RF, random forest; GBDT, gradient boosting decision tree; XGBOOST, extreme gradient boosting: AUC, area under curve; ACC, accuracys SEN, sensitivity; SPE, specificity: PPV, positive predictive
value; NPV, negative predictive value.
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Models SEN SP

Test cohort RF model 0.821 0.933 0.852 0.918 0.898
(0.644-0.921) (0.841-0.974) (0.675-0.941) (0.822-0.964)

Senior 0.965 0.839 0917 0.929 0.920
radiologist (0.868-0.994) (0.655-0.939) (0.808-0.968) (0.750-0.988)

Junior 0.817 0.786 0.891 0.667 0.807
radiologist (0.691-0.901) (0.585-0.910) (0.771-0.955) (0.481-0.814)

RE, random forest; SEN, sensitivity; SPE, specificity; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve.

PPV NPV Accuracy

A

0.936
(0.884-0.988)

0923 0.799
(0.854-0.991)

0.801 0.039*
(0.696-0.906)
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Repeat CNB rFNA

biopsy results (n= 242) (n=229)
Category T 39 76
Category IT 24 38
Category 11T 24 51
Category IV 8 20
Category V 29 10
Category VI V 118 34

Sampling effect
Satisfied 203(83.9%) 153(66.8%) 0.000*
Not satisfied 39(16.1%) 76(33.2%)

Diagnostic performances of repeat biopsy

Inconclusive results® 71(29.3%) 147(64.2%) 0.000*

Diagnostic results® 171(70.7%) 82(35.8%)

*P Value of <0.05 was considered statistically significant.
“Inconclusive results included categories I, 111, and 1V.
“Diagnostic results included categories I1, V, and V1.
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Initial FNA Repeat biopsy P value
CNB(n= 242) rFNA(n=229)

Category I(n= 202) Inconclusive results® 37(37.8%) 76(72.1%) 0.000*
Diagnostic results” 61(62.2%) 28(26.9%)
Category 1 26 52 78
Category IT 12 21 33
Category IIT 8 17 25
Category IV 3 7 10
Category V. 13 2 15
Category VI 36 5 41

Category Il(n= 17) Inconclusive results 4 1 0294
Diagnostic results 12 0
Category I 0 0 0
Category IT 0 0 0
Category IIT 4 1 5
Category IV 0 0 0
Category V 4 0 4
Category V1 8 0 8

Category III (n= 220) Inconclusive results 25(21.2%) 54(52.9%) 0.000*
Diagnostic results 93(78.8%) 48(47.1%)
Category I 12 17 28
Category I 10 12 22
Category 111 11 29 40
Category IV 2 8 10

‘ Category V 11 7 18

Category VI 72 29 101

Category IV (n=32) Inconclusive results 5(50.0%) 16(72.3%) 0.394
Diagnostic results 5(50.0%) 6(27.3%)
Category 1 1 7 8
Category IT 2 5 8
Category 11T 1 4 5
Category IV 3 5 7
Category V 1 1 2
Category VI 2 0 2

*P Value of <0.05 was considered statistically significant.
“Inconclusive results included categories I, I11, and IV.
Diagnostic results included categories 11, 1V, and VL.
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Repeat biopsy

Maximum diameter

iibvio ol CNB(n= 242) rFNA(n=229) P
3mms, <5mm(n=22) Inconclusive results® 8(44.4%) 4(100%) 0.096
Diagnostic results® 10(55.6%) 0(0%)
Category I 7 1
Category IT 2 0
Category TIT 1 2
Category IV 0 1
Category V 0 0
Category VI 8 0
‘ 5mms, <8mm(n=177) Inconclusive results 27(27.3%) 55(70.5%) 0.000*
Diagnostic results 1 72(72.7%) 23(29.5%) |
Category I 19 29
Category IT 8 9
Category IIT 8 18
Category IV 0 8
Category V. 14 4
Category VI 50 | 10
I 8mm<, <10mm(n=91) Inconclusive results 11(25.0%) 26(55.3%) 0.03
Diagnostic results 33(75.0%) 21(44.7%)
Category 1 7 17
Category IT 5 7
Category IIT 4 8
‘ Category IV 0 1
Category V 4 ) 1
Category VI 24 13
10mms, <20mm(n=134) Inconclusive results 18(25.4%) 39(60.0%) 0.000%
Diagnostic results 53(74.6%) 26(40.0%)
Category 1 4 19 23
Category IT 6 12 19
Category 11T 10 17 27
Category IV 4 3 6
Category V 11 5 16
Category VI 2 2 4
>20mm(n=47) Inconclusive results 7(58.3%) 23(65.7%) 0.912
Diagnostic results 5(41.7%) 12(34.3%) .
Category I 2 10 12
Category IT 3 10 13
Category IIT 1 6 7
Category IV 4 7 11
Category V 0 0 0
Category VI 2 2 4

*P Value of <0.05 was considered statistically significant.
“Inconclusive results included categories I, 11, and IV.
®Diagnostic results included categories 11, IV, and VL
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LLND preference before surgery No. of patients Intraoperative LLNM risk stratification

with CLNM

LLNM No. LLNM No. Accepted
risk stratification of patients® risk stratification of patients? LLND
low-risk 103 45 low-risk 37 v

moderate-risk 7 v

high-risk 1 v
=moderate-risk 76 47 low-risk 5

‘moderate-risk 39 v

high-risk 3 v
=high-risk 42 31 low-risk 8

moderate-risk 14

high-risk 9 v

"Number of patients who decided to undergo LLND according to the LLNM risk stratification before surgery.
*Number of patients who were stratified into three subgroups.
The symbol "V indicated that LLND was conducted according to patient's preference before surgery.
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Characteristics

Demographics

Age®, years 44(17) 43(17) 45(16) 0.069
‘ Sex
Female 384 197 187 0.943
male 87 45 42
‘ Initial FNA results
Category 1 202 98 104 0.000*
Category IT 17 16 1
Category IIT 220 118 102
Category IV 32 10 22
Maximum diameter of thyroid nodule
<lem 290 161 129 0.001*
lems, <2cm 134 69 65
>2cm 47 12 35

CNB, core needle biopsy; rENA, repeat fine-needle aspiration.
“Expressed as Mean (interquartile range).
*P Value of <0.05 was considered statistically significant.
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Parameters

Derivation cohort

Internal validation
cohort

Cutoff value
AUC
Sensitivity
Specificity
PPV

NPV

0.400

0.804 (0.745-0.863)
0.758 (0.672-0.848)
0.771 (0.674-0.826)
0.698 (0.600-0.781)

0.820 (0.737-0.881)

0.731 (0.635-0.827)
0.646 (0.510-0.781)
0.744 (0.634-0.854)

0.604 (0.453-0.739)

0.767 (0.637-0.862)

PPV, Positive Predictive Value; NPV, Negative Predictive Value.
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Total points The incidence rate of LLN

negative (=) positive (+) (LLNM+)/Total (%)
0, 100, 110 144 37 181 204
200, 210 ‘ 29 37 66 56.1
300, 310 ‘ 2 40 ‘ 62 64.5
400, 410 ‘ 2 24 26 923
510 0 1 1 100

According to the total points and corresponding incidence rate of LLNM, we stratified PTC patients into three subgroups: low-risk LLNM subgroup (total points = 0, 100, 110), moderate-risk
subgroup (total points = 200, 210, 300, 310), and high-risk subgroup (total points = 400, 410, 510). We applied this risk stratification to the prospective validation cohort.
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Patients LLNM

negative (-) positive (+)
in retrospective cohort low-risk 144 37 0.000
moderate-risk 51 77
high-risk 2 25
in prospective cohort low-risk 25 12 0.000
moderate-risk 15 31

high-risk 1 12
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Derivation and internal validation cohort Prospective validation cohort

Retrospective analysis of 2138 patients accepted surgery Ultrasound screening: (1) unilateral thyroid nodule(s);
(January 2019 to December 2021) @TI-RADS 3.4 or 5; ®cNO

Inclusion criteria: (M)Patients with unilateral PTC confirmed Ultrasound-guided FNA: (@Bethesda V or VI or
by postoperative pathology; @Patients who accepted (@harboring BRAF V600E mutation
ipsilateral lobectomy or thyroidectomy, prophylactical 235 patients with suspicious PTC

ipsilateral CLND (level VI) and LLND (including levels II, (January 2022 to August 2022)

III, and IV) when CLNM happened; 3)cNO; @complete
clinicopathologic data

Preoperative talk: (@predictive LLNM risk stratification and
related LLNM probability; @procedure of LLND; 3
Exclusion criteria : (Dpatients less than 18 years old; associated complications.
@ patients with MTC or FTC; 3)cN1; @ reoperation; () a According to the risk subgroup he(she) might belong to, 221
history of radiation therapy patients agreed to perform LLND.

336 consecutive patients were retrospectively enrolled. Surgical procedure: Dipsilateral lobectomy and unilateral

PTC confirmed by intraoperative frozen pathology;
@ipsilateral CLND and CLNM happened;
®LLNM risk prediction and risk stratification;
@whether to perform LLND decided by the LLND
preference of patients before surgery
96 patients accepted LLND were included.

Derivation cohort Validation cohort
70% patients (n=228): 30% patients (n=108):
96 patients with LLNM; 43 patients with LLNM;
132 patients without LLNM; 65 patients without LLNM;

Logistic regression model Discrimination; 55 patients with LLNM: 41 patients without LLNM:

Calibration; 12 patients in high risk; 1 patients in high risk;
DCA 31 patients in moderate risk; 15 patients in moderate risk;

Nomogram and risk stratification

12 patients in low risk 25 patients in low risk
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Variables LLNM LLNM OR (95% CI) P-value

(=), N =132 (+), N = 96
Gender Female 170 105 (61.8) 65 (38.2) 1.855 (1.016-3.385) 0.044
male 58 27 (46.6) 31 (53.4)
Age <55 years 200 116 (58.0) 84 (42.0) 1.036 (0.466-2.304) 0931
=55 years 28 16 (57.1) 12 (42.9)
HT No 185 105 (56.8) 80 (43.2) 0.778 (0.393-1.540) 0.905
Yes 43 27 (62.8) 16 (37.2)
Calcification No 206 119 (57.8) 87 (42.2) 0.947 (0.387-2.315) 0.905
Yes 22 13 (59.0) 9 (41.0)
Maximum tumor diameter <l cm 146 103 (70.5) 43 (29.5) 4.378 (2.461-7.786) 0.000
>1 cm 82 29 (35.5) 53 (64.5)
Upper portion No 197 119 (60.4) 78 (39.6) 2.112 (0.980-4.555) 0.056
Yes 31 13 (41.9) 18 (58.1)
BRAFV600E mutation I No 81 60 (74.1) 21 (25.9) 2.976 (1.645-5.385) 0.000
Yes 147 72 (49.0) 75 (51.0)
Nodular goiter No 63 37 (58.7) 26 (41.3) 1.049 (0.582-1.890) 0.875
Yes 165 95 (57.6) 70 (42.4)
Multifocality No 195 121 (62.1) 74 (37.9) 3.270 (1.500-7.130) 0.003
Yes 33 11 (33.3) 22 (66.7)
ETE No 201 119 (59.2) 82 (40.8) 1.563 (0.698-3.498) 0277
Yes 27 13 (48.1) 14 (51.9)
Prelaryngeal LNM No 199 121 (60.8) 78 (39.2) 2.538 (1.138-5.662) 0.023
Yes 29 11 (37.9) 18 (62.1)
Pretracheal LNM No 115 79 (68.7) 36 (31.3) 2.484 (1.447-4.264) 0.001
Yes 113 53 (46.9) 60 (53.1) |
Paratracheal LNM No 2 30 (71.4) 12 (28.6) 2.059 (0.993-4.268) 0.052
Yes 186 102 (54.8) 84 (45.2)
Number of No 128 97 (75.8) 31 (242) 5.811 (3.265-10.343) 0.000
CLNM =23
Yes 100 35 (35.0) 65 (65.0)
Ratio of No 126 97 (77.0) 29 (23.0) 1.855 (1.016-3.385) 0.000
CLNM 20.297
Yes 102 35 (34.3) 67 (65.7)

HT, Hashimoto thyroiditis; ETE, extrathyroidal extension; CLNM, central lymph node metastasis; LLNM, lateral lymph node metastasis; upper portion, tumor located in upper portion.
Bold values indicated p<0.05. The symbol "(-)" indicated that no LLNM occurred. The symbol "(+)" indicated the occurrence of LLNM.
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Independent predict B Wald OR (95% CI) P value
Gender (male) 0.394 1.140 1484 (0.719-3.061) 0286
Maximum tumor diameter (>1 cm) 0.998 8971 2712 (1412-5.210) 0.003
BRAF V600E (Yes) 0.249 0433 1283 (0.611-2.696) 0511
Multifocality (Yes) 1014 4871 2.758 (1.120-6.789) 0.027
Prelaryngeal LNM (Yes) 0.150 0.090 1.162 (0.435-3.105) 0764
Pretracheal LNM (Yes) | o0ss 0.060 1.092 (0.539-2.213) 0807
Number of CLNM >3 (Yes) 1015 7.202 2579 (1315-5.789) 0.007
Ratio of CLNM 20.297 (Yes) 1.066 8.141 2,905 (1.396-6.043) 0.004
Upper portion (Yes) 1.046 5.127 2.846 (1.151-7.039) 0.024

Bold values indicated p<0.05.
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Variables Derivation Validation Retrospective Prospective

cohort cohort cohort cohort
(n = 228) (n = 108) (n = 336) (n = 96)
Gender Female 170 (69.3) 75 (30.7) 0.324 245 (76.3) 76 (23.7) 0216
male 58 (63.7) 33 (36.3) 91 (82.1) 20 (17.9)
Age <55 200 (70.0) 86 (30.0) 0.054 286 (78.4) 79 (21.6) 0.500
years
255 28 (56.0) 22 (44) 50 (74.6) 17 (25.4)
years
HT No 185 (69.2) 82 (30.8) 0.372 267 (78.8) 72 (212) 0.348
Yes 43 (62.3) 26 (37.7) 69 (74.2) 24 (25.8)
Calcification No 206 (67.5) 99 (32.5) 0.697 305 (77.8) 87 (22.2) 0.965
Yes 22 (71.0) 9 (29.0) 31(77.5) 9 (22.5)
Maximum <lem 146 (70.2) 62 (29.8) 0.224 208 (79.1) ‘ 55 (20.9) 0.414
tumor diameter
>1 cm 82 (64.1) 46 (35.9) 128 (75.7) 41 (243)
Upper portion No 197 (67.2) 96 (32.8) 0.320 293 (80.0) 73 (20.0) 0.007
Yes 31 (72.1) 12 (27.9) 43 (65.2) 23 (34.8)
BRAFV600E No 81 (66.4) 41 (33.6) 0.665 122 (77.7) 35 (22.3) 0.979
Yes 147 (68.7) 67 (31.3) 214 (77.8) 61 (22.2)
Nodular goiter No 63 (65.5) 33 (34.5) 0.580 96 (71.1) 39 (28.9) 0.025
Yes 165 (68.8) 75 (31.2) 240 (80.8) 57 (19.2)
Multifocality No 195 (67.9) 92 (32.1) 0.934 287 (79.3) 75 (20.7) 0.087
Yes 33 (67.3) I 16 (32.7) 49 (70.0) 21 (30.0)
ETE No 202 (68.9) 91 (31.1) 0.324 293 (80.5) 71 (19.5) 0.002
Yes 26 (60.5) 17 (39.5) 43 (63.2) 25 (36.8)
Prelaryngeal LNM No 199 (68.9) 90 (31.1) 0331 289 (81.0) 68 (19.0) 0.001
Yes 29 (61.7) 18 (38.3) 47 (62.7) ‘ 28 (37.3)
Pretracheal LNM No 115 (72.3) 44 (27.7) 0.097 159 (82.8) ‘ 33(17.2) 0.024
Yes 113 (63.8) 64 (36.2) 177 (73.8) 63 (26.2)
Paratracheal LNM No 42 (64.6) 23 (35.4) 0.534 65 (73.9) 23 (26.1) 0.322
Yes 186 (68.6) 85 (31.4) 271 (7838) 73 (21.8)
Number of CLNM >3 No 128 (68.4) 59 (34.4) 0518 187 (81.3) 43 (187) 0.064
v Yes 100 (67.1) 49 (32.9) 149 (73.8) 53 (26.2)
Ratio of No | 126 (67.0) 62 (33) 0.743 188 (81.4) 43 (18.6) 0.053
CLNM 20.297
Yes 102 (68.9) 46 (31.1) 148 (73.6) 53 (26.4)
LLNM No 132 (67.0) 65 (33.0) 0.691 197 (81.7) 44 (18.3) 0.026
Yes 96 (69.0) 43 (31.0) 139 (72.8) 52(27.2)

HT, Hashimoto thyroiditis; ETE, extrathyroidal extension; CLNM, central lymph node metastasis; LLNM, lateral lymph node metastasis; upper portion, tumor located in upper portion.
Bold values indicated p<0.05.
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Repeated Repeat biopsy P value

Puncture Interval

CNB(n= 242) rFNA(n=229)
< 90 days(n=145) Inconclusive results® 20(20.2%) 34(73.9%) 0.000*
Diagnostic results” 79(79.8%) 12(26.1%)
Category I 7 ‘ 22
v Category IT 8 4
Category IIT 8 ] 6
Category IV 5 6
Category V. 16 2
Category V1 55 6
90-180 days(n=168) Inconclusive results 21(42.9%) 76(63.9%) 0.012*
Diagnostic results 28(57.1%) 43(36.1%)
Category I 16 36
Category IT 3 21
Category IIT 4 33
Category IV 1 7
Category V 5 5
Category VI 20 17
180 day-lyear(n=100) Inconclusive results 16(33.3%) 32(61.5%) 0.005*
Diagnostic results 32(66.7%) 20(38.5%)
Category I 10 16
Category 1T 6 10
Category 111 6 11
Category IV 0 5
Category V 3 2
Category VI 24 13
> 1 year (n=58) Inconclusive results 14(30.4%) 5(41.7%) 0.694
Diagnostic results 32(69.6%) ] 7(58.3%)
Category I 6 ‘ 2
Category It 7 3
Category 11T 6 1
Category IV 2 2
Category V. 5 ‘ 1
Category VI 20 3

*P Value of <0.05 was considered statistically significant.
“Inconclusive results included categories I, I1I, and IV.
Diagnostic results included categories 11, IV, and V1.
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Repeat Postoperative Repeat
biopsy pathological findings biopsy methods
results
(@\]:] rFNA
(n=172) (n=88)
Category I Benign 1 4
Malignancy 6 6
Category IT Benign 4 11
Malignancy 4 2
Category IIT Benign 1 2
Malignancy 4 16
Category IV Benign 1 1
Malignancy 4 2
Category V Benign 0 0
Malignancy 29 10
Category VI Benign 0 0
Malignancy 118 34
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Outcomes CNB (n=172) rFNA (n=88)

Malignant Non-malignant i Non-malignant

Category V-VI 147 0 44 0
Category 1-IV 18 7 26 18
Diagnostic performance Incidence Incidence

Diagnostic accuracy 89.3% 70.5%

Area under the curve 0.945 0.814

Inconclusive diagnosis® 9.88% 35.22%

Sensitivity 89.1% 62.9%

Specificity 100% 100%

Positive predictive value 100% 100%

Negative predictive value 28.0% 40.1%

“Inconclusive results included categories I, 111, and IV.
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Characteristics No bleeding Hemorrhage P

(n=174) (n=68) value
Blood flow grade 0.788
Alder 0 59 21
Alder 1 93 40
Alder 2 18 5
Alder 3 4 2
Relation to capsule 0.016*
Un-adjacent capsule 58(33.3%) 34(50.0%)
Immediately adjacent 116(66.7%) 34(50.0%)
to capsule

*P Value of <0.05 was considered statistically significant.
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Variables Rs p

sTg 0318 0.000*
TSH 0017 0.761
sTgAb -0.147 0.008*

*P Value of <0.05 was considered statistically significant.
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Diagnostic Tool Diagnostic Value

Sensitivity (%) Specificity (%) PPV (%) NPV (%)
FNA 67.2 98.7 98.4 71.9 0.830(0.917-0.967)
FNA-Tg 87.2 88.9 902 855 0.942(0.917-0.967)
FNA-Tg/sTg 88.3 88.9 903 86.1 0.933(0.905 - 0.961)
FNA+FNA-Tg 88.9 92.2 93.0 88.1 0.955 (0.933 - 0.977)

FNA+ FNA-Tg/sTg 922 87.6 90.2 90.5 0.954(0.932 - 0.976)
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Variables Number FNA p
TNM staging 0.000°
No 53 0.24(1.74)
Nla | 77 0.46(3.41)
Nib | 203 1711
(4969.80)
High volume lymph node metastasis 0.000%
Yes | 167 972(4983.43)
No @ 166 0.68(104.83)
LN lateralization/suspicion (L/S) 0.000
de
>2 | 174 6.63
(1686.49)
<2 159 409.00
(4998.83)
Liquefaction 0.007
de
No ' 299 19.2
(4789.66)
Yes | 25 3556.00
(4948.05)
Suspicious = 9 0.46
(2500.85)
Calcification 0.015 ¢
No | 187 5.70
(4906.76)
Yes | 110 397.00
(4997.33)
Suspicious | 36 1645
(549.37)
Focal hyperechoic areas in cortex 0.2907
d
No 311 25.1
(4999.65)
Yes | 22 377.5
(4747.23)
LN Alder Grade 0.000
de
0 | 172 8.38
(2007.05)
1. 144 202.50
(4999.26)
2,3 17 5000
(4983.50)
TSH(mU/L) * 0.084 ¢
Low = 38 253(4999.5)
Normal = 256 15.65
(4287.21)
High = 39 99.6
(4998.37)
sTg(ng/ml)* 0.000
de
Low 76 4.325
(569.96)
Normal = 211 30.2
(4999.63)
High = 46 699(4989.84)
sTgAb (IU/ml) * 0.014
de
Normal = 259 65.6
(4999.56)
High =74 5635
(399.80)
Pathological types of thyroid cancer 0.468 ¢
Classical PTC 301 302
(4999.64)
Classical + Follicular PTC variant = 14 112
(2788.93)
Follicular PTC variant 13 49.8
(2558.05)
Follicular carcinoma = 5 673(4988.2)
Thyroid gland N=291° 0.280 ¢
Existence =~ 249 25.1
(4789.65)
Absent = 42 51.95
(4999.4)
Hashimoto’s thyroiditis N=291° 0.016
de
|
No 215 99.60
(4999.58)
‘ Yes | 76 11.20
(569.83)
Number of Suspected malignant N=278¢ 0.428 ¢
thyroid nodules
single | 161 13.80
(3957.73)
multiple | 118 45.00
(4929.87)
Maximum diameter of the nodule N=278° 0.000
de
<10 mm 111 1.62(623.83)
10<, 20 mm 111 105.00
(4999.62)
220 mm | 57 566.50
(4990.62)
Nodules invading the N=278° 0.004
thyroid peritoneum d
No 48 1.94
(181.106)
Yes | 231 105.00

(4999.53)

"Expressed as Mean (interquartile range).

®26 patients (42 lymph nodes) previously underwent total thyroidectomy.

“Out of the total cohort of 15 patients who had previously undergone partial thyroidectomy, 5
(7 lymph nodes) sought medical attention due to suspicious thyroid nodules, while 10(13
lymph nodes) presented with suspicious lymph node metastases (as indicated by thyroid
ultrasound, which did not detect any suspicious nodules in the remaining thyroid tissue).

‘Mann Whitney U test.
“Kruskal-Wallis test.

*P Value of <0.05 was considered statistically significant.
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Diagnostic Tool Diagnostic Value

Sensitivity (%) Specificity (%) PPV (%)
‘ FNA-TgAb 614 ‘ 864 81.8 69.1 0.7268(0.613-0.838)
‘ FNA-Tg 90.0 ‘ 90.9 90.8 90.1 0.935(0.907-0.999)

‘ FNA-TgAb/s TgAb 523 ‘ 95.5 92.0 66.7 0.701(0.586-0.815)
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Variables

Sex
Male = 105
Female 176

Age
7 <55 | 232

255 49
Prior treatment

None = 240

Unilateral thyroid lobectomy = 15

Total thyroidectomy = 26

TSH * 2.165(1.965)mU/L
sTg* 13.6(27.183)ng/ml
sTgADb * 16.05(72.9)1U/ml
Hashimoto’s thyroiditis Patients(n=255)"
No 188
Yes 67
Suspected malignant thyroid nodules Patients(n=245)°
Single = 143

Multiple =~ 102

Maximum diameter
<10 mm 100
10-20 mm = 100

220 mm = 45

"Expressed as Mean (interquartile range).

®Among the 281 patients, 26 had a history of total thyroidectomy.

“Out of the total cohort of 15 patients who had previously undergone partial thyroidectomy, 5
sought medical attention due to suspicious thyroid nodules, while 10 presented with
suspicious lymph node metastases (as indicated by thyroid ultrasound, which did not
detect any suspicious nodules in the remaining thyroid tissue).
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Variables

Final Diagnosis

Benign Metastatic
(n = 153) (n = 180)
Location
Zonel/2/3/4/5 = 5/6/51/83/3 1/5/58/102/1 0.146"
Zone 6/7 | 4/1 12/1
TNM staging 0.000"
NO 53 0
Nla 69 8
Nib | 31 172
High volume 0.000 “*
lymph
node metastasis
No 127 40
Yes = 26 140
FNA 0.000 “*
Benign 151 59
Metastases | 2 121
FNA-Tg(cut-off 0.000 “*
value =16.1
ng/ml)
Benign = 136 23
Metastases | 17 157
Lateralization/ 0.008°*
suspicion (L/S)
<2 | 61 98
>2 | 92 82
Liquefaction 0.059°
No 138 161
Yes 8 17
Suspicious | 7 2
Calcification 0.000 ™
No = 106 81
Yes = 33 77
Suspicious 14 22
Focal hyperechoic 0.053 ¢
areas in cortex
No 147 164
Yes | 6 16
Ultrasound 0.000 *
diagnosis of
lymph nodes
Benign or | 82 19
reactive
hyperplasia
Abnormal | 32 22
structure
Metastases | 39 139
LN Alder Grade 0.000 *
0 95 77
157 87
23 1 16
Pathological types 0.430°
of thyroid cancer
Classical PTC | 134 167
Classical + | 8 6
Follicular
PTC variant
Follicular | 8 5
PTC variant
Follicular | 3 2
carcinoma
sTg (ng/ml)* 13.2(21.39) 17.75(41.15) 0.052¢
sTgAb (IU/ml) * 15.08(51.05) 16.10(79.73) 0.971 ¢
TSH(mU/L) * 2.13(2.08) 2.18(1.97) 0.507 ¢
ENA-Tg (ng/m) * | 0.375(2.45) 4376(4790.50) 0.000 %
ENA-TgAb (IU/ 12.15(5.68) 24.05(45.97) 0.000 %
ml) *
Hashimoto’s Benign (n Metastatic (n 0.426 ¢
thyroiditis =134)¢ =157)¢
No 96 119
Yes | 38 38
Suspected Benign (n Metastatic (n 0.116°
malignant =128)" =150)"
thyroid nodules
single = 80 80
multiple = 48 70
Maximum 0.000°
diameter of
the nodule
<10mm = 68 43
10-20mm | 44 67
=20mm | 16 40
Nodules invading 0,007°
the
thyroid
peritoneum
NO 31 17
Yes = 97 133

"Expressed as Mean (interquartile range).

Fischer ‘s exact test.
“Chi-square test.
‘Mann Whitney U test.

°26 patients (42 lymph nodes) previously underwent total thyroidectomy.

‘Out of the total cohort of 15 patients who had previously undergone partial thyroidectomy, 5
(7 lymph nodes) sought medical attention due to suspicious thyroid nodules, while 10(13
lymph nodes) presented with suspicious lymph node metastases (as indicated by thyroid
ultrasound, which did not detect any suspicious nodules in the remaining thyroid tissue).
*P Value of <0.05 was considered statistically significant.
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Total
Patients (n=281)
Lymph nodes(n=333)

Previously underwent total thyroidectomy Presence of thyroid gland tissue
Patients (n=26) Patients (n=255)
Lymph nodes (n=42) Lymph nodes (n=291)

Previously underwent partial thyroidectomy Thyroid Intact
Patients (n=15) Patients (n=240)
Lymph nodes (n=20) Lymph nodes (n=271)

Abnormal cervical lymph nodes, ultrasound did not
suggest suspicious malignant nodules in the residual
thyroid gland

Patients (n=10)
Lymph nodes (n=13)

Suspicious malignant nodules of the
residual thyroid gland
Patients (n=5)
Lymph nodes (n=7)
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