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Value of contrast—enhanced ultrasound combined with BRAF gene mutationin the
differential diagnosis of benign and malignant thyroid
nodules in C-TIRADS category 4

SHAO Jianbo, HOU Xiaoying, SHEN Xianghui, LI Jia, LIU Xin,SHEN Zhihua, MAO Yajuan, LIU Yanchao
Department of Ultrasound Medicine , Handan Central Hospital of Hebei Province , Hebei 056000, China

ABSTRACT Objective To investigate the value of contrast—enhanced ultrasound (CEUS) combined with BRAF gene
mutation in the differential diagnosis of benign and malignant thyroid nodules in China thyroid imaging reporting and data system
(C-TIRADS) category 4.Methods A total of 126 patients with thyroid nodules (126 nodules in total) who underwent CEUS
examination in our hospital and were confirmed by surgery and pathology were selected. All patients underwent BRAF gene
mutation detection after surgery. Among them, 52 nodules of C-TIRADS 4A, 36 nodules of C-TIRADS 4B and 38 nodules of
C-TIRADS 4C.The differences of CEUS features and BRAF gene mutation of different types of thyroid nodules were compared.
The correlation between CEUS features and BRAF gene mutation of C-TIRADS category 4 malignant thyroid nodules was
analyzed. Receiver operating characteristic (ROC) curve was drawn to evaluate the efficacy of CEUS features, BRAF gene
mutation alone and in combination in the diagnosis of C=TIRADS category 4 malignant thyroid nodules.Results The proportion
of low enhancement (66.67%, 73.68%) , heterogeneous enhancement (94.44%, 89.47%) , concentric enhancement (97.22%,
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89.47%) in C-TIRADS 4B and 4C thyroid nodules were significantly higher than those of C-TIRADS 4A (all P<0.05).BRAF
gene mutation was found in 58 of 126 thyroid nodules, with an incidence rate of 46.03%.The proportion of BRAF gene mutation
in C-TIRADS 4B and 4C thyroid nodules were significantly higher than that of C-TIRADS 4A (P<0.05).CEUS features (low
enhancement, heterogeneous enhancement and centripetal enhancement) of C-TIRADS category 4 malignant thyroid nodules
were positively correlated with BRAF gene mutation (r=0.793, 0.872, 0.895, all P<0.05).ROC curve analysis showed that the
AUC(0.973) , sensitivity (100%) , specificity (94.60% ) of CEUS features combined with BRAF gene mutation in the diagnosis of
C-TIRADS category 4 malignant thyroid nodules were higher than they application alone. Conclusion CEUS combined with

BRAF gene mutation could help to improve the differential diagnosis value of C=TIRADS category 4 malignant thyroid nodules.

KEY WORDS

mutation ; Correlation

i £ B A DTk i N R R 4G
AR, Y AN T T e, G v i o0 5 1 A A AU, HL
S o Lo Rr 2 R R A A R ODR R T
JoT ELA B I RO A S R A B R Y
23 [A) R[] 43 FE 48, 2020 45 AR PR 2 23 S R 22 0 43
R AT v L P IR RS AR 4R 5 BE R 52 (Chinese
thyroid imaging reporting and data system , C-TIRADS)"*
RE A% 442 B LR PSR FOIR I BB PR 445 74 1) % 5112 Wy
RUHE. {H C-TIRADS 4 Z& HUR RSG5 T5 M XU 5 2,
How M R A —E EHS, 8 E (contrast—
enhanced ultrasound, CEUS) 75 % 51 IR IR B OB 45 95
TR R 2k MR A A RO SE T B Ak,
BRAF J2& AR R R &5 77 1 0L i 58 A2 L X, A7 Bl 7 Y
ARBRFLIRIEE IZ W ABIESEIE ) 43 B C-TIRADS
4 2 HUIR AR BB E S5 Y CEUS ##1iE 5 BRAF JE 8 28728
AR SC M, FR RIS CEUS HR 45 BRAF 2 [H 58 A48 % 4
S W, LA Ry BRIl 8 M 28515 1 L4326 iR
7 07 G R S S PR SRR 2

BRERHE

— BFFRXS

PRI 2020 4F 1 9 2 2022 4F 1 ] 3 bt 22 F A 55 11
TESE Y 126 1] AR PR 25 35 J s (e 126 4 4575) , o
C-TIRADS 4A 252 {51 (52 4>) , Hir 55 28 4], % 24 5],
AE % 36~69 %, -1 (47.28+8.74) %, 1K T i 45 5L
(body mass index, BMI) 21.19~24.96 kg/m*, - 3
(22.87+1.63) kg/m®, % 15 fit K 2 1.32~2.57 em, -1
(1.86+0.51) cm, HoHr 21 A HUARBRARIE , 31 4515 1k
ARAR P s C-TIRADS 4B 2% 36 1] (36 4~) , HiHp 55 20 f41,
2 16 1, 4F % 35~70 %, F-#4 (47.38+8.92) %, BMI
21.13~24.79 kg/m?, -1 (22.56+1.41 )kg/m?, &575 e KAz
1.26~2.67 cm, F-1(1.89+0.62) cm, 27k HUIR B 2L 3k bR

Ultrasonography; Contrast agent; Chinese thyroid imaging reporting and data system; BRAF gene,

Ji% ; C-TIRADS 4C 26 38 141 (38 1~) , Hith 55 22 4] , %t
16 5] , AR5 37~66 %, 14 (47.55+8.32) %, BMI 21.34~
24.87 kg/m*, F-1(22.91+1.56 ) kg/m?, 455 it KA% 1.35~
2.61 cm, F#5 (1.81+0.45) cm , 59 4 BRI 2L Sk R0
B HUR MR T B PR AR (BMI S 251 e KAz
b2 RG22 L NAFRHE : QFTAT HOR IR
5 ¥IZ I C-TIRADS #5143 25 ; @ A3 J8 38 ARl
Y17 CEUS K 4, HL ¥R Wk & B 5 R e bt e K
%>1.00 cm; G P A7 HUIR AR 25 1 4 2895 BHLUE 5C H AT
BRAF JE K 28 A5G I . HEBRAT I : OREAEAT B R AR AH
PN B LR TT S 5 QAFAE ™ F0 E K B T g B A
H s QG I H A ZR G0 0 iR g s 2 5 (DU U 0 kel
FL B o AR IY TR B S 22 10 B O s At (it
#E4S 1 LSXM2022-042) , JUT A3 £ 35 Ko A i 3 25 28 iy
FEA

= AR S

1.CEUS K45 - ff VG [ ]F S 2000 % {0 223 W i 7
LWL, £ M 4% Sk, M8 3~9 MHz 5 4~10 MHz; fiX AL
W48 %2 (0.05~0.07) o F8 35 T A 1 H R kg 57
i DG [, A A el R v R O R, B0 5T 4 AR
I I RS S A B A . 1 5 78 SonoVue
( B K H| Bracco 23 /), fifi FHHIRF 25 mg 38 52 F i T
Sml AEFFER KRG IR AT . FEXT HOEa T, 28 5 ik
TREE A 1.8~2.0 ml i 52 MR 2 W , [F AT CEUS &4t
TR T, B UG FEBE SR B 2D HFSE 2 min. 43
B HFCR R A5 55 B CEUS R AE " - (D38 55 51 3 (43 A (K34
S SEREGE EE ) s @R S PE (4 N AT RS
BIoge) ;s @R AL (43 S IIE (O B0 IR
B . DL EERAEY i A —EA 54 DL BRI e
IS ZR 6 0 75 56 1

2.C-TIRADS 422 WrbrifE") : BN 75 FRAE AL 45
PR ST S0 B AIG [DAS  fR 5 [l 75 (Rl B8 T 4



I RAB A BE2f 275 20224F 11 A5 24455 11 J Clin Ultrasound in Med, November 2022, Vol.24,No.11 - 843 -

) D GARASHRIN 5l FR B AMEAC 5 R PR A
Sy R s (A B R BAE) . T8 R E M
TR R, B — TR E R AR T 143, anfi e B 2R AR
W81 450 Hor 143 : C=TIRADS 4A 2 {1 Ji 1] 58 M
WAEFR 29~10%) 3243 : C-TIRADS 4B 2, v J3 ] 5%

P GEMER 10%~50%) ; 3~4 43 : C-TIRADS 4C 2% , &5 &
Al BEEE CEPERR 50%~90%) .

3.BRAF 3 [K 58 AR 6 I - iy A S8 35 1% P o LR B
T 3 456 e A A M PN TR R A Ay R DR R I, A R e
HFB>20% . TR /R BHE A FRA 7
B % TR 2 B 7] (4465804 ) #EHL DNA . BRAF 3 [H %€
U A el 1 v B B SRR A BR Y ] 1Y Applied
Biosystems TaqMan %8 28 £ il i 5] £ (castPCR FE A ) ,
J e e FRACES 51200 6 vl 5 8 LA I

4. B2 W51 C-TIRADS 4B .4C 2555 BRAF JE[H
SRS A RI2 WA HOAR B PR 251

= Gt

i FH SPSS 22.0 e 344, 35 BERE D xes UK
2 [R] P8R B 3R T 22 40 B 5 T B0 R LA Bl
BRI, ALIA] R H 7 R 55 5% Fisher B U 215

C-TIRADS 4 2 HUR BB 14517 CEUS #7155 BRAF 3
A B AH M 2 M K ] Spearman AHIC /B9 . 4
il 52 3 & T AE F#1IE (receiver operating characteristic,
ROC) £ 43 CEUS F-1E . BRAF J [H] 58738 i K 4
1ZWr C-TIRADS 4 & AR IR PR S5 19 &L RE . P<0.05
hZERALGFE .

# R

— .C-TIRADS 4 ZEHURBRES 1T CEUS F#1IE LU 3%

C-TIRADS 4B .4C 2 HUR B 2515 IS 58 (66.67%
73.68%) A4 5) G5 (94.44% . 89.47% ) . [ii] > Pk 4 54
(97.22%.89.47%) 1 L3475 T C-TIRADS 4A 2%, 22 5%
YA G0 L (B P<0.05) ., WL 1A 1~3,

— .C-TIRADS 4 ZEHUIRBRES Y BRAF BE K 58 A8 45
R

126 4~ HUAR B2 15 v, 58 AN HUIR R 45 745 %2 42 BRAF
LN GEAR | kA2 F K 46.03% , FHA S 5 BR &5 SR 24
AR FL SR . C-TIRADS 4B 4C 2 R IR 45 15
BRAF & K 58 48 BH % 5 Le 5 T C-TIRADS 4A 28, 5 57
812 X (P<0.05), WFE2,

1 C-TIRADS 4 ZEHUIRBRES 1Y CEUS RHE F AR o
e B3 BB A BB AR L
kBT ESh e %] %] §7817 [EPWN S Bk PRk

C-TIRADS 4A Z%(52) 18 23 11 35 17 5 40 1 6
C-TIRADS 4B25(36) 24 8 4 34 1 35 0 0
C-TIRADS 4C24(38) 28 6 4 34 0 34 3 1

Xl{é 16.547 48.965 15.750

PlE 0.003 0.000 0.015

.-

AL 7 7 HE DR R 00k 38 T DL S A IR [l
S5, DGR W T, T SR 58 9] 75 5 B : CDFL
\ 7R 451 N B JE T i A8 43 A B 5 C: CEUS 7R
o £l 22 sITEETT AN 5] m 5 ;D CEUS /R 116 5
PR 45 R R O 5 9 B S PR A
| R (HE 25, x400)
B 1 C-TIRADS 4AZSEH (10,674 ) HHEMS |
CEUS K #L




A BRI 7 % FECLR A 0 T ARG R 7 254,
o G, ] UL RS 9175 s B CDFL/R 4571
N JJE B A A B C: CEUS TR 16 s 4515 52
N TRIBHERSR D CEUS /1 28 o 55 17 544 4] %
D B B FIE 52 S HOR R L S MR8 (HE 2
2,,%400)

o] B2 C-TIRADS 4BZSH#E (&,67 % ) H MR |
CEUS i #iE

S A MU PR DR AT 0 T DS O [
A T I GAS RN P T UL VD R AUIR B ] 7
B : CDFL 75 45755 J& 1] 1fiL 45 43 71 f§ &L 5 C: CEUS 7R
Y 15 s N2 B i) P s D CEUS 71 24 s I 45
¥ 5 RS B BE ST R IR L Sk R A
B (HE (5, x400)

3 C-TIRADS 4CZEEE (&, 413 ) E L
| CEUS I &

%2 C-TIRADS 42 HUIRIRSE 15 BRAF 8 T C-TIRADS 4B . 4C 2 HUpR B 4555 ¥4 0 Wbk,
REGR HEE T ARMIEPESI TR B, C-TIRADS 4 26 FUIR R P45 5
o BRAF IR CEUS $$F ({1387 /529 57 038 1o 0 3R ) 5
e Bt BRAF JE [N 58 4% P 24 5 10 2 TEAH 5 (7=0.793.,0.872 |
C-TIRADS 4A 25(52) 0 52 0.895,19 P<0.05) .,

C-TIRADS 4B25(36) 26 10 P CEUS HAIF  BRAF 3 [H %645 i J 16 45 12 17

C-TIRADS 4C%4(38) 32 6 C=TIRADS 4 2 bR it S 255745 i fig
xi 76589 ROC il £ 4 #7 7% , CEUS 45 1iF B & BRAF 3t
P 0.000 [K] 575 14 7 C-TIRADS 4 34 FUR I LSS 5 (1 i 285

= C-TIRADS 4 & HUIR I k45735 CEUSHHE S MFL(0.973) AU (100% ) (HE57PE (94.60% ) #4155 H:
BRAF H& [R5 48 il A S 4347 SRR . W3R 4,



I PRAB TS E 2235 20224F 11 5524 %55 11 J Clin Ultrasound in Med, November 2022, Vol.24,No.11 . 845 -

3 CEUSHHE . BRAF L 248 MUl LB A2 W7 C-TIRADS 4 2 HUIR BB 45y Y&k B

255 B

Fesetk HES- WA

P il K (%) (%) (95% WX FD) PE
CEUS $§iE - 0.652 72.00 93.20 0.826(0.744~0.909) 0.000
BRAF JEPH 2875 P 0.784 100 78.40 0.892(0.833~0.951) 0.000
AW - 0.946 100 94.60 0.973(0.943~1.000) 0.000

10—+ —

—— CEUSH1E
—e— BRAF JL[H 27
-5 LW

------- BH4

00 02 04 06 08 10

15
4 CEUSHHIE .BRAF JE[H 548 5l I A2 W C-TIRADS 4 JE iR
BREMEZS 11 ROC £ A

it

75 22 W HUIR R 2571 10 B e R AR T IR R
XFT C-TIRADS 4 EHURBRZS 5 R 2 it — Dk H¢
7 5 AR 2 A0 A A (R T R RS
HAVREASE D> A Y AN A0 S | H A 20 e e
Z S0 Ry ok 22 A5 D TR 34 AT R 308 W G SR A B 1
ROBMEA S, HH A RlK A, 5 S 80T RAE .
P, T4k — e 2 4 0 RG AE Jr v HLA LI R
N E . CEUS ZE4E 712 W R AR BB MESE Y oy
Pritk gtz 207w B A EEANET . 1 BRAF & —Ff
22 B R~ 5 A R B , BRAF 28 7% ] 1 if BRAF Wi 2 1k
K% Ak MEK 2 H (MEKT & MEK2) , )Tl 5] 2 MAPK
T I U TR AL, VT A0 M A 3 BE K AE S L L BRAF
GEAR AT YR T B0 A AR KBRS R Y AR
55 BAER T CEUS BX 4 BRAF 2K 28725 % C-TIRADS
4 JE R IR RS 1 SE B2 WA

AHFSE H C-TIRADS 4A 2 FFUIR R 25 45 5 B 4%

g BRI IR IRE (21 A ) Fh 5 Pk F R IR b (314 ) 5
C-TIRADS 4B .4C 2% FUIR R 25 19 9 BRAS S35 0y FCIR
FLIORIE . T CEUS 453 8 /%, C-TIRADS 4B . 4CJ5H!
AR MRS 5 R o3 R BN AL 91 (66.67% .73.68%) . Bk
PR 5 2% B F AR B P 285 19 2 — =2 ot At ) e e
Jed | FLLH S PN 1) 0 A4 R 2 IR T R LI R 1
HURR BR A2, IH I CEUS 2R AR5 . SR 5
Z ARTEH) R, C-TIRADS 4B .4C 25 HUR IR 45 55 Hh A

FR Ay IR A R o AT LR R AT g S 45 KNV
KL WFFE SR HUIR AR &5 7 e KAR /N, A 4L 36
M K5I AT TN=R e 4o 2 o | K = e o P
FHIVERTR , B SBr As M LA 2 ik 4 2 A
B, TR R =3 5E . 240 C-TIRADS 4A 2%
FHOR R &85 15 e B0 0 ¥ A1 MR35 (67.31%) , 11 2505
C-TIRADS 4B 4C 2& 3 81 A #4 2) 14 5k (94.44% |
89.47%) , 4y Bt H: = 2 JFL K 0] GE Ry FOIR R R APEZE T
T4 ) R I A AT 2450 ELGEAT RN T R RR R 1 4
T PN B R LA o A AN 5] HEAT A A, Y
FH PR B 235 M B3 i P A K R A il A T e R
S I AR 2 2 2% R AR B A AR M R IR T 4F 4k Ak, A
T B5CHE A DX 3t i . /DB C-TIRADS 4A ZE R
JIR 2535 B AN 511455 (32.69% ) , 1T g5 AR5
C—-TIRADS 4A ZEHUIR BRES 7 B BEZE YA OC , o 45
5P FEODR R e A 0 R as A v e A 2 2 i s 40
it de S A1) DT 22 B R AN 34 5 348 i, 2 IR iR 45
G R S AL R ME . BE AN AHIF ST AR 4R 1 5
ORE8) WI W 5 SR S B2 AN [ DTN = PTIY
yRigPERG R, 45 5 R K43 C-TIRADS 4B . 4C 25 H1
AR R 2G 19 R BLA 1] VRS 98 (97.22% .89.47%) , 41 Kt
JEER T 6 Sy B SR 20 e 25 ] L X 1 2 i A A
AR X 22 DT 1 A 5 R 1 PO SR R 5
2R EE

BRAF J [H 58 48 2 5 FUT IR B i 1) & AE | Jrp
B H LAY BRAF JE K 28 45 & VOOOE™ . A5 126 4
FHODR R 45 95 7 58 4~ & = BRAF & [N R 4F , Kk HEHh
46.03% , LR J5 o5 3285 SR 1 o HOR e 3Lk o o F
SR , R R FL SR8 B BRAF VOOOE %8 2% 1) 47
FE5 MR AT A G, B R 281 5 Mg K/
Jo K, H 7 R 2 B A/ BRAT 35 R 58 28 BH 7 i
S 55 BRAF F PR 58 A5 [ ek g HL AT o v A9 4= 28 1k
IR

AHFFEAR KM & L, C-TIRADS 4 28 IR IR
PELETT CEUS F#AF (I3 5 R 5 1458 | )O3 i)



- 846 -

I R S 2R 2022 42 11 HEE 24 %55 118 ] Clin Ultrasound in Med, November 2022, Vol.24,No.11

5 BRAF & [A 28747 PH M &2t 3 1 A 56 (3 P<0.05) .
B C-TIRADS 4 25 HUR B % PR 45715 19 CEUS $# 1 7]
TE— 78 T2 B2 1A 250 J e S 240 0% 1 34 5 %) A ) 2
14,

A FE ROC #h 28 43 M8 & B, CEUS $:1F BE &
BRAF FE[K R 7512 Wi C-TIRADS 4 2k FUR IR 45 15
) ih 22 TE R (0.973) | R (100%) | FE S 1
(94.60% ) 4 55 H 5 b2 Wi 2 BE = L 6B CEUS Bk &
BRAF 5 K 58 48 A7 Bl T4 =5 X C-TIRADS 4 25 R AR

AR S I W (EL

25 FFTIR, CEUS 5 BRAF [N RAFER A2 Wi B
THERXT C-TIRADS 4 Z5 HUR AR BB 45 17 1 %0012
Wi i o EAWEFEREA A/, FLB 25 Y 5 e ag
=, AT RE BG5S 9 R AR T T IR
AT

S%E 3k

[1] Sharbidre KG, Lockhart ME, Tessler FN.Incidental thyroid nodules
on imaging: relevance and management [ J]. Radiol Clin North Am,
2021,59(4):525-533.

(2] FIede, U5, BRI, 45 RN 21 980 1] 2 e RO L4
RS A s oA L) ] PR 25 75, 2020, 100(14) :1072-1076.

[3] ZhouJ,Yin L, Wei X, et al.2020 Chinese guidelines for ultrasound
malignancy risk stratification of thyroid nodules : the C-TIRADS[J].
Endocrine,2020,70(2) :256-279.

[4] Xu Y, Qi X, Zhao X, et al. Clinical diagnostic value of contrast—
enhanced ultrasound and TI-RADS classification for benign and
malignant thyroid tumors : one comparative cohort study[ J ].Medicine
(Baltimore) ,2019,98(4) : e14051.

[5] Harikrishnan V, Kumari S, Ramkumar S, et al. Correlation of the

expression of BRAF V600E mutation with various phenotypic

expressions of thyroid neoplasms[J ].Cureus,2021,13(6) :e16048.

(6] EhilUiy , =) 5ok, v Bk Bk . 75 3 5% AR K 2 BURRAE X BRI
TI-RADS 4 J 45755 ROGPERZ W B D] b BB S B2 2R,
2019,35(10) : 868-872.

[7]  Sorrenti S, Dolcetti V, Fresilli D, et al. The role of CEUS in the
evaluation of thyroid cancer: from diagnosis to local staging[ J].J Clin
Med,2021,10(19) :4559.

[8] Singh A, Ham J, Po JW, et al. The genomic landscape of thyroid
cancer tumourigenesis and implications for immunotherapy[J ].Cells,
2021,10(5):1082.

[9] Radzina M, Ratniece M, Putrins DS, et al. Performance of contrast—
enhanced ultrasound in thyroid nodules: review of current state and
future perspectives| J ].Cancers(Basel ) ,2021,13(21) : 5469.

[10] Li X, Gao F, Li F, et al. Qualitative analysis of contrast—enhanced
ultrasound in the diagnosis of small, TR3=5 benign and malignant
thyroid nodules measuring <1 em[J].Br J Radiol,2020,93(1111) :
20190923.

[11] Wan Q, Cao P, Liu J.Meta—analysis of contrast enhanced ultrasound
in judging benign and malignant thyroid tumors [J]. Comput Math
Methods Med,2021,2021(1):2577113.

[12] Peng Q, Niu C, Zhang Q, et al. Mummified thyroid nodules:
conventional and  contrast—enhanced ultrasound features [J].
J Ultrasound Med,2019,38(2) :441-452.

[13] Wang Y, Dong T, Nie F, et al. Contrast—enhanced ultrasound in the
differential diagnosis and risk stratification of ACR TI-RADS
category 4 and 5 thyroid nodules with non—hypovascular [J]. Front
Oncol,2021,11(1):662273.

[14] Huang G, Chen J, Zhou J, et al. Epigenetic modification and
BRAF gene mutation in thyroid carcinomal J ].Cancer Cell Int, 2021,
21(1):687.

(157 ARk 2, FnEE . K PR g 2 T BOE TR R A BT IR A
FAR L S AR 2 W R g (). sh AR iR 2%, 2021,
43(6):629-634.

(ks H 199:2022-05-16)

XA E & 7 B IR A 18 S

N T B AR AR TR 22 AR K- s il 3 4 B B R (6 58 A AR B 2k, R A MR 22 Je 4 T L FLR IX A 3k ) 118 S0 #%

BIAH] . FPIRAE KX

[IREZE S
W KA R |

TR 4 VRIS SC LA (030 T PR A 3R o AR BORR N 7 SO T W 2 e 4 PR S g, R Bk 4

ESUETE Y



