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Diagnostic performance of combining sonographic features with BRAF

[Abstract] Objective To evaluate the diagnostic performance of combining sonographic features
with BRAF'” mutation for differentiating benign and malignant Bethesda category Il thyroid nodules.
Methods  This retrospective cohort study included 275 patients (278 nodules) diagnosed as Bethesda
category Il by ultrasound-guided fine needle aspiration cytology (US-FNAC) at First Affiliated Hospital of
Army Medical University between January 2020 and December 2024, with final confirmation via surgical
pathology or repeated US-FNAC. Nodules were classified as benign or malignant based on pathological results.
Diagnostic efficacy of age, sex, 9 sonographic features, ACR TI-RADS score, US-FNAC nuclear morphology,

and BRAF""" mutation was analyzed using multivariate logistic regression. Results ~Significant differences

[(BEETE] \EIRHEORQUH 50 K L 15 H (CSTB2022TIAD-KPX0153)
(BS54 ] SFHEN , E-mail : guoyanli@tmmu. edu. cn

2097-0927/Copyright © 2026, A2 K2 (5 =2 R%) o X RIFHORBCCEEG CC BY ¥ 7] FMY (https: //creativecommons. org/licenses/by/4. 0/)
3l A AR, AT, AR E S BRAF " SEF % Bethesda T2 FUIRMRZE T BB AE A2 Wk RE (T ], B 5 728 K241, 2026, 48
(04) :453-460. DOI: 10. 16016/j. 2097-0927. 202510066.

Citation: WU S, LI X, TANG C L, et al. Diagnostic performance of combining sonographic features with BRAF

Y600 mutation for differentiating benign and

malignant Bethesda category Il thyroid nodules[J]. ] Army Med Univ,2026,48(04) :453-460. DOI: 10. 16016/j. 2097-0927. 202510066.



454 R 4522 B K 2247, 2026, 48(4)

http ://aammt. tmmu. edu. cn

existed in age, nodule margin, aspect ratio, maximum diameter, echogenicity, Adler blood flow grading, ACR

TI-RADS classification, US-FNAC nuclear morphology, and BRAF'™" status between benign and malignant
nodules (all P<0.05). Independent risk factors for malignancy included age<52 years (OR=7.444),
BRAF' mutation (OR=108. 218), ground-glass nuclei (OR=5.389), and abnormal cervical lymph nodes
(OR=13. 351, P<0.05). The combined model demonstrated accuracy was 0. 823, sensitivity was 0. 863,
specificity was 0. 925, positive predictive value was 0. 977, negative predictive value was 0. 649, and AUC

was 0.955. Conclusion

Integration of sonographic features and BRAF

%" mutation provides high

diagnostic performance for Bethesda category Il thyroid nodules.
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Table 1 Variable assignment table for binary logistic regression analysis

Variables

Assignment

Abnormal cervical lymph nodes
BRAF"* gene mutation

Age >52 years

Aspect ratio >1

Maximum diameter >6 mm
Nuclear morphology

Adler blood flow grade

No=0; Yes=1
No=0; Yes =1
No=0; Yes=1
No=0; Yes=1
No=0; Yes =1
Ground glass = 0; Atypical = 1
Grade 0 =1; Grade 1 =2; Grade 2 =3; Grade 3 =4

%2 Bethesda MIELETIERARBEZSMT [7s, 41 (%) ]

Table 2 Univariate analysis of clinical data of Bethesda Il category nodules [ x+s,n(%) ]

Items n Benign Malignant % P
Age 278 48.7513. 53 45.58+10. 93 2.012 0. 045
Gender 278 1. 845 0. 174
Male 14 (18.42) 53 (26.24)
Female 62 (81.58) 149 (73.76)
BRAF"™" gene 186 75.039 <0. 001
Unmutated 38 (95.00) 30 (20. 55)
Mutated 2 (5.00) 116 (79.45)
Nuclear morphology 278 16. 349 <0. 001
Ground glass 61 (80.26) 193 (95. 54)
Atypical 15 (19.74) 9 (4. 46)
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(2.88%) . SR A5 Ak (32.01%) . J50HR 45 46 + #1451k
(6.83%) . i R A5 £k + #H 25 16 + i % 5 1k (0. 72%) o
ACR TI-RADS 43 R G555 2~5 25, Horp 2 25 1), 5
[ 0. 36% , M4 0% (0/1) 5325 8 4], (i Lt 2. 88%, 3
PE 2R 259% (2/8) 5 4 25 96 1, (5 Lt 34.53%, 3% P R
64.58% (62/96) ; 5 25 173 {4 , /i kb 62.23%, 3% PE R

79.77%(138/173) . ACR TI-RADS 7324 1E Bethesda I
FKREME T, 2 A 50022 L(P<0.001,%3) .
NG HPHEE  KAR R DL K Adler I3 4 9
£ Bethesda M ZEHURAR R CEMZS T2 R A 5012
B(P<0.05), i s Ak S S ik A e
Bethesda I ZSHVIR AR B EPESE ST i) 22 R RS T2
B (E3),
2.3 kI AR HFE L5 =T Logistic ® AR
i ROC I ARAFAFE Y | e AR ) B A T (53
BIh 52 % 6 mms BAK IR (7 LG 1. 49%) , 31 2% 53/
ANHELI 5 H 1. 49% ) K 4240 FOR R A6 (i He
0. 99% ) %2577 N Em i /D BURl s  GRRIE A % 8
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Table3 Univariate analysis of ultrasonic features of bethesda category Il Nodules [ n(%) ]

. Malignant Benign 2 > . Malignant Benign a2 o
Feature (n=202) (n=76) X I Feature (n=202) (n=76) Z/x I
Composition - 0.182" | Echogenicity 20.406  <0.001

Cystic 0 1(1.32) Ref. Hyperechoic/isoechoic ~ 3(1.49) 11(14. 47)
Cystic solid 1(0.50) 1(1.32) Hypoechoic 196(97.03)  65(85.53)
Solid (930;0) 74(97.37) Extremely hypoechoic 3(1.49) 0(0.00) Ref.
Margin 21.165 <0.001 | Adler grade 25.791  <0.001
Smooth 28(13.86) 29(38.16) Grade 0 76(37.62)  16(21.05)
Indistinct 169(83. 66) 47(61.84) Grade 1 70(34.65)  20(26.32)
Lobulated/irregular 3(1.49) Ref. Grade 2 49(24.26)  25(32.89)
Invasion outside the () g9y Ref. Grade 3 7(3.47)  15(19.74)
gland
Calcification 2.813  0.729 | Nodule location 1.367 0. 505
Non calcified 81(40.10) 31(40.79) Isthmus 3(1.49) 0 Ref.
Macrocalcification 32(15.84) 16(21.05) Left lobe 101(50.00) 41(53.95)
Marginal calcification 5(2.48) 3(3.95) Right lobe 98(48.51) 35(46.05)
e Abnormal cervical
Punctate calcification 68(33.66) 21(27.63) 3.326 0. 068
lymph nodes
Punctate and macro 157 43)  4(5 26) Absent 162(80.20)  68(89. 47)
calcification
Punctate, macro and (g 50) (1 39) Present 40(19.80)  8(10.53)
marginal calcification
Aspect ratio 12.451 <0.001 | ACR TI-RADS 19.359  <0.001
116
<1 61(80.26) Category 2 0 1(1.32) Ref.
(57.43)
>1 86(42.57) 15(19.74) Category 3 2(0.99) 6(7.89)
Maximum diameter/mm 18.440 <0.001 Category 4 62(30.69)  34(44.74)
103
<6 17(22.37) Category 5 138(68.32) 35(46.05)
(50.99)
>6 99(49.01) 59(77.63)

a: the data of component did not satisfy the conditions for the chi-square test, Fisher’s exact test was used
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Figure 1 Diagnostic ROC curves for 3 methods

0. 795, ¢ 5 47 0. 950, BH 4 FUill {E 7 0. 983, BT
ME K 0. 559; ACR TI-RADS 432 (1) 6 )& 4 0. 699,
R AL R 0,753, %F 5 & N 0,500, BH M T {6 K
0. 846, FATEFIMIE M 0. 357 (£ 5,8 1), DeLong K5
SER R, AR BRAF"™ 3£ N F1 ACR TI-RADS
IRFRGZ AN AUCZE R HAT G245 L (P<0. 001),
[l SR 5 BRAF™ ™ SRR AUC 225 0. 083, 81 15
B 5 ACR TI-RADS 732K R G2 1Y AUC {64 0. 314,
BRAF" 3] 5 ACR TI-RADS 432K & 55 11 AUC 2518
k0. 232, [B AR Wi 6 35 00 T BRAF™ 3L [
FIACR TI-RADS 53K R 4 .

%4 Bethesda MEZETHWSEEZNT
Table 4 Multivariate analysis of Bethesda category Il nodules

Factors B coefficient OR 95%C1 P
Age < 52 years 2.007 7. 444 2.043~27. 121 0. 002
BRAF"* gene mutation 4.684 108.218 17. 924~653. 369 <0. 001
Nuclear morphology (ground glass) 1. 684 5.389 1. 126~25. 789 0.035
Abnormal cervical lymph nodes 2.592 13.351 2.303~77. 404 0. 004
5 Bethesda M2 FARPREE TS W EEXTLE
Table 5 Diagnostic performance comparison of the Bethesda system category III thyroid nodules

Diagnostic methods Accuracy Sensitivity Specificity PPV NPV

Regression model 0. 823 0. 863 0.925 0.977 0. 649

BRAF"™F gene 0. 828 0.795 0.950 0.983 0. 559

ACR TI-RADS 0. 699 0.753 0. 500 0. 846 0.357
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