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[ Abstract ] Objective: To evaluate the value of detection of BRAF V600E combined with cytodiagnosis in qualitative diagnosis

of thyroid nodules (TNs) classified as Thyroid Imaging Reporting and Data System (TI-RADS) 4. Methods: The cytological and
molecular biological results of 178 TNs classified as TI-RADS 4 that underwent ultrasound-guided fine-needle aspiration biopsy
(US-FNAB) and detection of BRAF V600E during July 2019 and March 2020 were collected, and compared with the postoperative
pathological results. Results: According to the Bethesda System for Reporting Thyroid Cytopathology, 178 cases were divided into
group A (accurate diagnosis) and group B (unclear diagnosis). In group A, the sensitivity, specificity, and accuracy of US-FNAB was
97.3%, 88.9%, 96.4%, respectively, and good agreement was observed (x=0.822 + 0.071). The sensitivity, specificity, and accuracy
of US-FNAB combined with BRAF V600E were 99.3%, 88.9%, 98.2%, and excellent agreement was observed (¥=0.904 + 0.055).
We compared the diagnostic accuracy of US-FNAB and US-FNAB combined with BRAF V600E, and the difference was statistically
significant (x’=74.5, P<<0.05). In group B, BRAF V600E mutation occurred in 7 nodules, and all of them were papillary thyroid
cancer (PTC). Conclusion: When the detection of BRAF V600E is added to US-FNAB, the accuracy rate would be improved by
the combination of the two detection in nodules diagnosed correctly with cytological detection, and malignant nodules would be
screened out in nodules diagnosed dimly with cytological detection. The combination of detection of BRAF V600E with US-FNAB
comprehensively could improve the efficiency of qualitative diagnosis of TNs classified as TI-RADS 4.
[ Key words ] Cytodiagnosis; BRAF V600OE; Fine-needle aspiration biopsy; TI-RADS; Qualitative diagnosis
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FH DR MR g 2 L ) P 3 b R G M e 2
—, FREET 000N FFZ90 N A, HAMREH
W HL DX i TR HL X Aok T PR A R
AU R Kwak e R B HUR AR R
W5 A%l £ 4¢ ( Thyroid Imaging Reporting and
Data System, TI-RADS) $2/R4ZSHUIRIRES 9%
PERE A 3.3%~72.4%, AT3its HUAR BRSS9 16 A A4
ATARREE T B PERT . SRR FRAR %2y ( American
Thyroid Association, ATA ) AR5 T 44t
TG H UG AY (ultrasound-guided fine-needle
aspiration biopsy, US-FNAB ) JZi2WrH iR i 4%
R, RATRTE D, BE R S
DR EE7 o A B A ) — vk, (R
SRR IAYE . SRR R, i
P v FH R MR 485 1 112 W 1) T ) 0 T i —
R ENZ W . HARBRZL RS (papillary
thyroid cancer, PTC ) sz AR BRI e i UL I 21
grpm U MiPTCHFH 1 BRAF V600EZ7E
R[5 1K87.69% 7, WUARBITE AT T 20194F
7TH—20204F3 H T 5t BE R 7 il m ot B B
(R —EEBE ) 1TUS-FNAB K BRAF V600E
FEDURIN A 1 78I TI-RADS 42 LR ARES 15 4 %
K, BTEIR A A A 455 BRAF VO0OESEA
KAZETI-RADS 428 HUIRIREE T E YEZ Wb i fi
8, A REITAMAAIGYT 7 S P2 AR

1 GORA %

1.1 —REN
W AE20194E7 H —20204E3 H 47US-FNAB .

BRAF V600EXE H il I H AT AR J5 i 2= 4
ZERTI-RADS 4282595 3% . TI-RADS 42545
e MRS AT BEGAE S R (S . AR
VA BN & Y 1 D2 s o o N W L BT SN T €
ML L >1) K)oy, BEA 100A] 8%V A &
PUNTI-RADS 4aZs, 32500 0] GEEMEH R BN
TI-RADS 4b2%, £3. 4Win] SEEVE# = RN
TI-RADS 4cZ5,

AR © TR R R E o
BBt (R s —BEpe ) 1T A A, H
TI-RADS/r 2 M4 H AR IR &5 (45
4a~4c) 5 Q TRFEERREMEm T ER (F
U —ERE ) TUS-FNAB M BRAF V600EX: A
K s B A B 1A 5 20 800 B 224G Ay 2
1784 B E AT, Hrbh k13061, H1k
4845, FHAER (45.6+12.1) %, FIHLEH
%k (10.76 £6.16 ) mm,

12 Ak
1.2.1 US-FNAB#RAK%E

BELBANRERE, mEl = EEmL L
TR AR BE I 5E L US-FNAB., 2% 5 K fl|Esaote
/3] MyLab 90% (4 28 e A2 B, 2R
SRR N S5~12 MHz, BEBUNEMY, w4
AR AR, E O HURIREE T R R AT, 2%F)
Z R AR TR, RGBT T,
B85 mLIES A IR S HE 285 D IR R RS A
PR (BT, AR 5155 2
R A, HHMERY R Bk A, AEHI R E
F95% L BRI [E 2 15 min, 15 AR A0

E1 HRBRETITUS-FNABARBEIE R &

A: KRR R R BRI P9 UL5.6 mm x 4.3 mm x 3.9 mm3CPESETT, M, G FORTEW, PIULSUIRBRIEA TI-RADS 4b2%; B: £F4R
PEFLENFR, PR A ROIRASTT, RO RS N I 40 T 422 07
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4, M T MR A2 W . B S — U
Jo s T IR A N AR AR T AR 20 L DR A T 1Y)
Ependorfill & IR, H FBRAF V600EJRL[H
Rl
1.2.2 US-FNABARA 28 i 22 5 ) i

M3, 42250 - 5 A IR I it ] 5 Jle ]
B, HAEBethesdaffl iy R4 " LR N
625, 12 AT EEW AR, trAH
<6 MBI, HAmAp <101 2.
RAEEAS s M2 5 ORI 240 Al Ay 28
B OB R USRS s VS UE I 1
A B ] SRR VE R s VI mTEEE MR ;
VIZE . BRI . AR A I = 12 W 1) 45 R 45
T MWz, AZHiiBethesda 125, VEFIVIZ
MR, hAnEsE2 W4, B4 HBethesda |
H. MEKIVEMEL, KAl 2RI .
1.2.3  BRAF V600E#:in|

i FH 75 [ Qiagen /A 7] QIAamp DNA Micro
Kitf BUR 7 &R FNABRR A RYDNA, K 1 &
I3 A W B 2R e A A PR W) AZEBRAF
V600E ARMS-H &% 2 W ( polymerase chain
reaction, PCR) i &b, ™%+ vl
B -F L IR A, 7RSI PCRAY AT T % B 1 11 Jf
WEMEFRE: 95 °C 5 min (1MEFR) 5 95 C
255, 64 C20s, 72°C20s (15MEH) ; 93 C
255, 60 C 355, 72 °C 20 s (3I4MEIR) o 1
60 CHIWEIEFMNELE S, PFATERPCR, I
TRAF3C
1.3 SitFE4aE

I FHSPSS 22,04 AF 3 Hr k58 h BB, LA
KRG AL =k A 85 R e, AT
AR A . BRAF VOOOEIE KK i Kz 19 Al
TR JE X TI-RADS 425 HUIR IR 455 A0 R
BEORE . SRR MEOREE . PHMETTNME (positive
predictive value, PPV ) | R e EN ( negative
predictive value, NPV ) , L/ K56 L8 US-
FNAB5 PRGN )7 bR BR G 14553, P<0.052%
rRAGI R, IR Hkappaki e,
e ORESy N SR Rl I Ay SRS SRS N
HHARHA AR A S R 0 — 3k, <0 —3K

PESS; e<0.7—EE—M; 0.7<k<<0.9—EER
U5 1>0.9—FPEL LT

2 % R

2.1 {HAKIEF. BRAF V600EE FE# il F0
BethesdaZlifflz= 4y K45 R

AW 5EFTUS-FNABHIBRAF V600EX: H 5
M 4597 B E L1784, TI-RADS 4a. 4b, 4c2k
Sralfr32. 89, 57H, ¥WATFARIGIT HA AN
JRBLAAR A ZE IR (1) o BERRAR 1586,
88.8% (158/178 ) , Auf&H157HIPTC, L HARHR
#EHEE ( medullary thyroid cancer, MTC ) ., R
AR 2001, (511.2% (20/178 ) , FuFHEh sk
ARBR 1251, 9k U8 40 B IR R AR 74, v 7Y

i 1451
&1 TI-RADS 4 KRRRLETHLAREFER
TLRADSA . ‘ LRI 24
R W
4a 32 14 18
4b 89 5 84
4 57 1 56

BRAF V600EZR AR HIZE 4541261, BRAF
V60OE R A= RIZE TS24 . 40 it g P~ G 4 &5
Bethesda [ 224, I12&20f%1, Mok, V1
B, V1421, VI24f], 1784614575 B2
FRAALER - BRAF VO0OERLK K6 FliBethesdaZfi iy
SRR MFB2IUR
2.2 AZHHIBRAF V60OEEE N, M2
B ZEBEMISHI G L

AP yBethesda 1T HE M4,
Bethesda VZEFIVIZE MBS, LIRS EE~
G AT 25 AR E, BUUS-FNABXE 54517 B
B R . FR S S MERBE 2 51 97.3% . 88.9%
296.4% , A i Bl A A 5 2 400 PR R A 245
B (1=0.822 £0.071 ) . BRAF V600E
SR DRI 24 ) 250 RO I R R L RS RO
0 51°80.4% . 100.0% 5282.5%, —FtETy
I, BRAF V60OEKMIZE R 52 22 25 4 —
FHE—M (k=0.471 +0.076)
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YHI~FHKE A . BRAF V600EZE AR HE RS I 1
TR A 7 IR B TN 4517 ROE I R L Fr
SERE K ERE 99.3% . 88.9%/298.2%, — ik
R rh, A Ak A S S A 25 A e S AL
g PR R A 45 SR — BUEN AT (+=0.904 + 0.055,
#3) o BRI 7RG JE 5 US-FNABRY
LWHETEREE, =74.5, P<0.05, — &%
SAEGI R

2.3 BZHHIBRAF V600EE FE i AYi2 B ) &

WF R, B 12655, A7 % A
BRAF VO600EZEAS , PR J5 20 2L B¢ A A 45
HAESEHPTC, HoBethesda 1 284575 g 144E
TEBRAF V600EZEZE , 9fj|Bethesda MMZE455 7,
FIHBRAF V600EZ AR R 16/, Bethesda IV
KEENT AR B IBRAF V600EZAE

®2 17801451 BEWBethesdaifi ¥ 533 . BRAF V60OEEE A LRIBFLER

syefl Bethesda’} B’ggﬁ;"ﬁ n G
Al IES + 3 PTC 3
17 WRELEEEHUIRIR S o], 45 HEHCRRA 106, PTC 14
S + 112 PTC 11244
30 SETPERCIRARAD BT L BRI AR ) 25, MTC 14,
PTC 274
VIZk + 4 PTC 414
B#H T2k + 1 PTC 114
1 ke gm b HER R 5 141
|| ES + 6  PTC 6
3 PTC 3
\ES 1 TEPEPE 145
R3 IFMAERISETRBE L&
LWk RE Y% RS % PPV/% NPV/% TEWRE /% K FrifEiR
ElfiE S s 97.3 88.9 98.6 80.0 96.4 0.822 0.071
BRAF V600EXE K A5 80.4 100.0 100.0 38.3 82.5 0.471 0.076
THRA 99.3 88.9 98.7 94.1 98.2 0.904 0.055
U %58 AR BRAFSEH 1 5AMMNE F 1A
39’ 1 79943 KA 29878, SECH A Y 2R 11545 600

US-FNAB & A Hij 6 H R B 4515 2 W i
W HF-B, 1 HATEFTUS-FNABR 43
SRS I DL S HOE R R 2 R e Y,
RMR I N WL IR 58 AR A4S BRAFSR7E | RAS
KA RET/PTCHEHE . Pax8-PPAR vy il 3 [
g 20 BRAFIEN A T N 2K75 4 o ik
(7q34) , HIiAS AR [ RAS T R 22 508/ 95
PR E B, R R s 2 s E A
P4 ( mitogen-activated protein kinase, MAPK )
PR RSy T L BRAFEE B %58 i
A0ZFhRAZHFIIT1799A MY 5 BT AT 2R A5 AY90% LA

M ER (V) gaAmR (E) BL, s
BEFRNBRAF V600EZEAE . BRAFZRZE(HISMAPK
BRSO, AR TS AR IR e
B2 AN, BRAFRZSTE ORI 5t i
s CHEIER, [FEFBRAF V60OEFE H R IR
Frh RS, H S & Eh AR EARE . A
RS ARG V52 T HLBRAF VE0OEIM i) 7 f
JE RS s 2 AR A A
YAARTIFTE A 1784514515 £ 3 v e 1 26451 K
FBRAF V600EZRAL , A J5 4 21 B~ K Ar 45
UESEHAPTC, 52K &K H=BRAF V600EZR AL,
A 2001 HUR AR R4S, BRAF VO0OEREA K5
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T E ST AN

TN B A S R 35 100.0% , AERAEE H82.5%, R
U }180.4%, (H 215 40 S BH A G A 45 S il —
HPE—, FTLABRAF V60OE: 45 5 I A hETR
U 3b 7 W2 2 B2 A A 25 IR, i HLi T BRAF
V600E HAETE T PTCAHIFR 4 I8 T PTC I ] 48 14
PR AR 2, e PRGN By B 235 B AR e
S FL At 2 A BRI g i Pl e Lt it T vk
i FHE X TI-RADS 428 HUR R 4515 A 7R i e 1
ZIWi .

A5 MR 5 240 R B A A 25 O 251 4 R
W, A4l (i2WitiY) ) B4l (i2Wisih] ) |
VLBHfI BRAF V600EIE R A2 Wi (i . A4
A 200 Bethesda 1T 28457 A0 Hy #0405 {8 B4
Wi H 4 314 % A= BRAF V600EZE4s . [HBRAF
VO00E SRR S BE e, RIS B R ARG T 485
W, TR IB LS R B R AT AR R R,
AT %1, US-FNABHTHEIIBRAF V600EIE P A5
ATfE—E R LR BB A . AL 14641
Bethesda V 2455 d 2451 Sk 245 15 Mk IR IR i £
PR UEI L e IR, S A= 2 W B
PR, PRSI ZE SRR WG TE Qi S
iR, BRAF V600ERA(UAFAETFPTCH, BRAF
V600E 3 PRI AG I 114 BH 4 2% SR I AS BE HEBR A% M A
o, AT LAHIRASRERE B SRR A0 B

AZH LS W BRAF V600E L R G i
HTUS-FNABH, %00 25795 KO8 0 o o B2
R AT 1598.2%1199.3%, B4 US-
FNABI%96.4%197.3%H £ T+, X 5&8433C
RGBT . fE— BRI, BRAF
V600EHK A US-FNABHYK{E 40.904 + 0.055, i 4L
MATUS-FNAB«{E 40.822 +0.071, A& 54
LURHLA 2T I — BT, R — BT
BIRUS-FNAB /N T PRl kB &, 2
S Wi B 5 R AR Y 25 T A R I Ty vk
KA. 20, EA2 Wi bl sy h BRAF
V600E KL K A6 1565 US-FNABEE RE K it o7k % MR B
PERIENL, MRS RIS WrEmf B, A4 AR T
TEPEIZMIRCR

MAEBH (Wi ) ., HAFE 106 &
B ZE R A BV AR A E SN PTC,

55 Bethesda [ 2516 (50.0% ) , M9
(100.0% ) , A28 R EwAE . &40
LW RS T UEM 25 58, {H /& Bethesda |
% ML 5%~10% . 6%~18% L% N
S BbR T, TR A S DR ARG I Y B 4
B R BF Y T B fe &2 W M PTC Y 45
W7 & A BRAF V600EZEAE , I RAH ] 4 )
GET R R AT REE K, KA T FRIGST
WA B A2 fTUS-FNABXT H & i i 5% Jo O Fi
1o WO ARSI A —E A AR, Pl
US-FNABHTHAHIBRAF V600E 5 PR A% I 45 1o Sk
STrR A, PEEARTTE RIS W, X
SRSk T mskie—ak.

AHIGE R T IE , ARPEA S5 44U Hll2
R A g RIEE S E R, #84rUS-FNABZS R i
AN EPE (Bethesda 1128) A4S 1T HEHEBE T AL
B, R I PRI 45 2 BRAF VOOOEZR AR,
22 R Ryl = AR S5 2R S B A A 4 R il HERR A
WAL, o — e R B m ARy R e ml I,
FETI-RADS 4ZEHURBRES 1517 US-FNABHTHE il
BRAF V600EX: KKl J5 12 Wik R A7 Fr 4 7, G
VAN M 2212 Wi U] 5 75 BRAF V 600EJE R K I #5
REAZ I AL AR /eSSy, $E M RS W i v A
JE . FTLATETI-RADS 4ZKHURIRZET T, i ff#
K2 456 BRAF V60OEFL R KGN, BEAZHE & e 1
BWIRCE, Wb F RGP IR AT RE, 1M HLkk
B ATUS-FNAB S & 2 VIBE 151 R 1Y 2257 I
DHEET), HAFERRS ) 2.
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