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Comparison of three major malignant risk stratification systems for thyroid nodules
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[Abstract] Objective To systematically compare the diagnostic performance and fine-needle
aspiration (FNA) guidance value of American College of Radiology Thyroid Imaging Reporting and Data
System (ACR-TIRADS) , Korean Thyroid Imaging Reporting and Data System (K-TIRADS) , and Chinese
Thyroid Imaging Reporting and Data System (C-TIRADS) in differentiating benign and malignant thyroid nodules.
Methods A retrospective analysis was conducted on 551 pathologically confirmed thyroid nodules (malignancy rate:
70.42 %) from Affiliated Hospital of Integrated Traditional Chinese and Western Medicine from January to December
2024. Two experienced physicians independently classified the nodules using the three systems under blinded
conditions. The alignment between risk stratification of each system and actual malignancy rates, FNA implementation
rates, and malignancy detection rates were analyzed. Diagnostic performance was evaluated using receiver operating

characteristic (ROC) curves. Results For risk stratification, C-TIRADS subcategories 4C (malignancy rate:
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87.05%) and 5 (malignancy rate: 95.31%) closely matched pathological outcomes. ACR-TIRADS 4 nodules

exceeded the theoretical malignancy range (25.00% ws. 5% —20%). K-TIRADS assigned excessive nodules to
5 (87.84%) , though its malignancy rate (78.72%) aligned with expectations. For FNA guidance, C-TIRADS had

the highest overall FNA rate (73.50%) and malignancy detection rate (71.11%), closest to the true malignancy rate.
Only 61.93% of ACR-TIRADS 5 nodules underwent FNA. In terms of diagnostic performance, C-TIRADS (cutoff:
category 4C) achieved the highest area under the curve (AUC) (0.847), with a sensitivity of 87.11% and a specificity
of 73.01%. K-TIRADS had the highest sensitivity (98.20% ), but the lowest specificity (36.81% ). Conclusion C-
TIRADS provides optimal risk stratification and FNA decision guidance through its refined subcategorization (4A/4B/

4C), significantly reducing diagnostic ambiguity for intermediate-risk nodules.

[Key words] thyroid nodule; Chinese Thyroid Imaging Reporting and Data System ; aspiration biopsy
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Table 1 Clinical and pathological characteristics of

patients with thyroid nodules

15 E'éﬁw P (F 35 HO A S5 R/

M OEH Lt (T£s,%) (T£s,cm)

R P 163 36 127 45.42+11.28  2.77+1.55

kA 388 102 286 45.81+11.37  1.1840.96
Y3/t 1.078 0.370 12.155
PH 0.299 0.712 <20.001
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ACR-TIRADS 53¢ (B AT BEEMD , 5 XK
=1.0 em Y AL SEE FNA #:4E, WLk 2.

#2 ACR-TIRADS S EEMNK 5 FNAHE

Table 2 Malignancy risk and FNA thresholds of

ACR-TIRADS categories

My ACR-TIRADSZ32¢ EHEXUR FNA F i
0 ACR-TIRADS 1 <2% T FNA
2 ACR-TIRADS 2 <2% T FNA
3 ACR-TIRADS 3 <5% =>2.5cm
4~6 ACR-TIRADS 4 5%~20% >1.5cm
=7 ACR-TIRADS 5 >20% >1.0cm

1.3.2  K-TIRADS C#f [# B R B ik 4F 2% 2, 2016
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PL1.0 ecmAE N ENA IR AE, WHE 3,
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#3 K-TIRADS 4 EEH MR K 5 FNA H &
Table 3 Malignancy risk and FNA thresholds of K-TIRADS categories

RS K-TIRADS 432 S KU FNA {4
JTHs K-TIRADS 1 0 JoiF FNA
T3 2 FE 2 AL B B 1R R K-TIRADS 2 <3% Jo# FNA
P43 P 5 T 5 I R M R AR K-TIRADS 3 3%~15% >1.5cm
A A+ 1A R AE /SR AR 1] 0 A R AR K-TIRADS 4 15%~50% >1.0cm
SR [ 7 S R K-TIRADS 5 =>60% >=1.0cm

50%, >=1.0 cm 7 FNA) ; 3~4 4% H K C-
TIRADS 4C ( A B 50%~90%, =1.0 cm 17
FNA); 543 IH K C-TIRADS 52% (A >90%,

>1.0cm 7T FNA) ; SR B2 B0 N 6 28

W 4.

#4 C-TIRADS A EMXK S FNAHE
Table 4 Malignancy risk and FNA thresholds of C-TIRADS categories

axl:! C-TIRADS %32 W XL I ENA [ {8
I C-TIRADS 1 0% T4k
—1 C-TIRADS 2 0% RPE, TGRE FNA
0 C-TIRADS 3 <2% PR fE, % FNA
1 C-TIRADS 4A 2%~10% fRBETT 585, =>1.5 cm 17 FNA
2 C-TIRADS 4B 10%~50% v EE AT A%, >1.0 em /T FNA
3~4 C-TIRADS 4C 50%~90% i VAT BEAE L >1.0 em £ FNA
5 C-TIRADS 5 >90% i BE AR R A, >1.0 em /T FNA
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BEREANDIN FNAEM RG2S, @it
Z XA TAEFEYE (receiver operating characteristic,
ROC) MIZIFAhi& RomsWiakat, 5 ROC
T~ m R AUC) K 3t
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0.017 M EFALIFEL ., P<0.058EFAL
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(area under the curve,

2.1 38 TIRADS 43 28 R G0 ME U 43 2 5 FNA
RLRE LA ARBFFE LA A 551 A HUR RS CEME
F70.42%), 20 i AF BT R AR B U AE H kR a7 T
fli 7T 45T A AR, JF 2 K HE ACR-
TIRADS. K-TIRADS K& C-TIRADS #5 i #1743
% (W 1~6)., 7 ACR-TIRADS &4, ACR-
TIRADS 225, 328, 42501 5284575 i1 253 %)
J98.33% . 6.25% . 25.00% M186.05%, 76.77%
45 A R 528, (HAL 61.93% I 52851 452
FNA, H FNA &M K Rl 84.73% . ACR-
TIRADS 4 24545 19 52 bR B ME %l 25.00% , W =
T H M M 5%~20%, FNA JE ¢ % il
F(23.91%) HHE@HHA —3. K-TIRADS &
GiEPERFM My K-TIRADS 3256.67%, 43
11.54%, 526 78.72%, ¥ 87.84% W45kl h
52, H FNA 1 % (60.12%) 5 &M W
F(76.98%) LT ACR-TIRADS 5354547, 4
B g K P R (11.54%) M FNA E 7E 4
H(7.310) AR T HMEEEHE (15%~50%) .
C-TIRADS M 4053 T35 (4A/4B/4C/528) BIR
RS TR XU 4 2 . 4C 2 (I 35.03%) IS
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95.31%, H: FNA JE ¥ & H %R (85.42% A
95.15%) S HEFME (50%~90% F>90%)
EEY G (HAA K SBRE AR (22.86%) Ml
W (2% ~10%) . K L, C-TIRADS ¥
FNA 52 i % &% & (73.50%) , H OB P&
FO(7T111%) 5 RMEERR TR, 3P RS
) FNA R FCEM R 2 R A 5% 2 X (P<
0.05). WLF5,

2.2 3 Fp TIRADS % % 12 W 2L fig kb % (ROC 43
Br) ROC M £k 43 B FURCRE XS L 7R, 3 7 HEIR B
SR SERENEE AR AFEEREER. C-
TIRADS % 3 il & £ 0912 Wr 2 g, AUC H H
0.847 (95%CI: 0.811~0.883), HIgAEm Wt
4C2, BHURBERT. 11%, FEFAEET73.01%, Sk

0.753 (95%CI; 0.703~0.803), HFAL#Wi(E K5
%, HURE BAR 91, 24%, (B4 5 B IRAL,
LR 57.67%, FHOLAEME (81.27%) KT C-
TIRADS; 5 2Z L1 K-TIRADS 4 & 13 # Wr (&
Woh 52, 5 MU RS AR 5 B 0 e o, LUK
SRR, N 98.20%, [AAEREAN 36.81%, #l:
OAE A K, AUC fH 1 {¥ 24 0.675 (95%CI:
0.621~0.730), WK 7, %6,

3 it it

AW 9T o RSB ACR-TIRADS. K-
TIRADS 1 C-TIRADS X B R g 4% =5 10 31 1 XU B
IZEMAE, R T 3 RGN RS By 2= R4k
Wl . BFgE Y B, C-TIRADS ST 8 Hoks 40 4k 19

i B ik 82.94%; ACR-TIRADS By AUC {6 3 W/rE4eHy (LM JE4B/4C/530) R 2 1
%5 37 TIRADS #9714 7 i 24 Bk
Table 5 Malignancy prediction performance of the three TIRADS

Ik SEWEA, YD WAHEECA, YD PR IER D AR, %) A SRR, %0
ACR-TIRADS 551(100.00) 388(70.42) — 316 (57.35) 234(74.05)

1 0(0.00) 0(0.00) <2% 0(0.00) 0(0.00)

2 12(2.18) 1(8.33) 2% 0(0.00) 0(0.00)

3 32(5.81) 2(6.25) <5% 15(46.87) 1(6.67)

4 84(15.24) 21(25.00) 5%~20% 46 (54.76) 11(23.91)

5 423(76.77) 364 (86.05) =>20% 262(61.93) 222(84.73)
K-TIRADS 551(100.00) 388(70.42) — 345(62.61) 228(66.09)

2 0(0.00) 0(0.00) <3% 0(0.00) 0(0.00)

3 15(2.72) 1(6.67) 3%~15% 13(86.67) 1(7.69)

4 52(9.44) 6(11.54) 15%~50% 41(78.85) 3(7.31)

5 484 (87.84) 381(78.72) =>60% 291(60.12) 224.(76.98)
C-TIRADS 551(100.00) 388(70.42) — 405(73.50) 288(71.11)

2 0(0.00) 0(0.00) 0% 0(0.00) 0(0.00)

3 13(2.36) 1(7.69) 2% 0(0.00) 0(0.00)

4A 35(6.35) 8(22.86) 2%-~10% 27(77.14) 4(14.81)

4B 182(33.03) 89(48.90) 10%~50% 131(71.98) 58 (44.27)

4C 193(35.03) 168(87.05) 50%~90% 144 (74.61) 123(85.42)

5 128(23.23) 122(95.31) >90% 103 (80.47) 103 (95.15)
Q& — — — 30.213 6.142
P1H — — — <20.001 0.046

K FHl Cochran's Q ¥ 36 47 HL 4%
%6 3% TIRADS 5 I bk AR 7B #4545 MO R0 B
Table 6 Diagnostic performance of the three TIRADS for thyroid malignant nodules

NREG R AR AUC 954 CI HERPECY) B (0 e 5 (6D
ACR-TIRADS 5% 0.753 0.703~0.803 81.27 91.24 57.67
K-TIRADS 5% 0.675 0.621~0.730 80.04 98.20 36.81
C-TIRADS 4C 2 0.847 0.811~0.883 82.94 87.11 73.01

25RO F AT B . AUC Fe3 R Delong £ 56 , P L4845 1 : C-TIRADS 5 ACR-TIRADS Mt , Z=3. 223, P=0. 001;
C-TIRADS 5 K-TIRADS # It , Z=5. 674, P<<0. 001 ; ACR-TIRADS 5 K-TIRADS # It. , Z=2. 161,P=0. 031, % Bonferroni & iF 5 , i ¥
[ fH 1% R 0. 017
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B1 AHBUEESET,ESAN, A#EE <, SORBEEE
#E ,ACR-TIRADS 1% ,K-TIRADS 2% ,C-TIRADS 2
%, HREAN L KER R

Figure 1 A cystic nodule in the left lobe, with regular
morphology and an A/T ratio <1, showing punctate
echogenic foci with comet-tail artifacts. It is classified as
ACR - TIRADS 1, K - TIRADS 2, and C - TIRADS 2.

Cytopathology revealed abundant colloid

- e, - - ,__',_..‘.I
B2 AMHEXIELET,.SEE, BN, 48K,
ACR-TIRADS 22 ,K-TIRADS 33%,C-TIRADS 33,44
ERREAAHETERREMEELES
Figure 2 A cystic—solid nodule in the right lobe is echoic,
with regular morphology and an A/T ratio <<1. It is
classified as ACR - TIRADS 2, K - TIRADS 3, and C -
TIRADS 3. Histopathology of the core needle biopsy
indicated nodular goiter with cystic degeneration in the
right lobe
gacwmit®. MNKKSZE&HEER, C
TIRADS #y4C 2 CEMEA87.05%) M52 CGE/
H95.3100) Y S PR GE ME R 5 IR T
Bl (50%6~90% #1>90%) mEM &, HHFNA
APERT A (85,4206 F195.15%) K5 VT FC HU
XRBTZREMAEE ., MELZT, K-
TIRADS 7EAR fE 45 15 B9 FIE L EON T RE, 52859008
kR (78.7200) WA G HMEREME (>6000),
BEHJRRERARR S, H4ZEBMER (11,5420
Fe FNA EMER 3R (7.31%) % FHfEE U
Bl (15%6~50%), SEAREEEL T E5K,

B3 AMET, X, SEE,HBEAM, Hi#EE<1,ACR-
TIRADS 3% ,K-TIRADS 32,C-TIRADS 4A %k , RIFALR
9% 38 A A I FOIR R TR R 1S BRI

Figure 3 A solid, echoic nodule in the right lobe, with
regular margins and an A/T ratio <{1. It is classified as
ACR - TIRADS 3, K-TIRADS 3, and C - TIRADS 4A.

Postoperative follicular

confirmed a

histopathology

adenoma in the right lobe

At S

B4 AWM, KEE, MR, HDEE<1,ACR-
TIRADS 42 ,K-TIRADS 52 ,C-TIRADS 4B 2, HAFE®K
RIEBALEM RERAMEE T HIRBEES

Figure 4 A solid, hypoechoic nodule in the left lobe, with
a lobulated shape and an A/T ratio <<1. It is classified as
ACR - TIRADS 4, K - TIRADS 5, and C - TIRADS 4B.
Histopathology of the core needle biopsy indicated a benign

follicular nodule with adenomatoid changes in the left lobe
ACR-TIRADS # 48 HAT [ FE 1Y )&, XI55 1 rp
& 43 2 B K 3 X . ACR-TIRADS Fl K-TIRADS
RG] L AF A IR 22 . ACR-TIRADS (% 4
GG REM R (25%) BHHEREBE (65X~
20%), FLATRRARAL T HUR AR A 25 5 008 M XU
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Figure 5 A solid, echoic nodule in the right lobe, with
irregular  margins, an A/T ratio <1, and
microcalcifications. It is classified as ACR-TIRADS 5, K-
TIRADS 5, and C-TIRADS 4C. Cytopathology confirmed

papillary thyroid carcinoma in the right lobe
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Figure 6 Amarkedly hypoechoic nodule in the left lobe,
with ill - defined margins, an A/T ratio >1, and
microcalcifications. It is classified as ACR-TIRADS 5, K-
TIRADS 5, and C - TIRADS 5. Cytopathology confirmed

papillary thyroid carcinoma in the left lobe
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Figure 7 ROC curves of the three TIRADS for predicting

malignant thyroid nodules
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