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Abstract

Key words

Objective: Studies have demonstrated that the circulating cell-free DNA (cfDNA) may be a potential
biomarker for diagnosis of thyroid cancer. Therefore, this study was performed to investigate the value of
a scoring model established by plasma circulating cfDNA and changes in ultrasound characteristics of
the thyroid nodules in differential diagnosis between benign and malignant thyroid nodules.

Methods: Two hundred and forty patients with thyroid nodules (132 cases of thyroid cancer and 108 cases
of benign thyroid nodules) admitted from June 2018 to October 2020 were enrolled for this study. They
were randomly divided into the modeling group and validation group using a 1: 1 ratio. The plasma
cfDNAs were extracted from the 240 patients by blood DNA extraction kit, and the DNA concentrations
were further detected by qRT-PCR. Thyroid ultrasound was performed in all patients. The scoring model
was constructed based on the cfDNA concentration and thyroid ultrasound characteristics, and then, its
sensitivity, specificity, positive predictive value and negative predictive value for diagnosis of thyroid
cancer were analyzed. The effectiveness of the model was evaluated in the validation group.

Results: The cfDNA concentration in patients with thyroid cancer was significantly higher than that in
patients with benign nodules (P<0.001). The results of univariate analysis showed that there were
significant differences in cfDNA concentration and ultrasound imaging features that included the aspect
ratio, internal echo, integrity of the capsule, calcification and cystic lesions between patients with
malignant and benign nodules (all P<0.05). The results of multivariate Logistic regression analysis
showed that cfDNA>56.84 ng/mL, and thyroid ultrasound presenting the aspect ratio =1, incomplete
capsule, hypoechoic, calcification, and non-cystic lesions were independent risk factors for diagnosis of
thyroid cancer (all P<0.05). According to the standard regression coefficients of above variables, a
scoring model was established. The area under the ROC curve (AUC) of the model for diagnosis of
thyroid cancer was 0.958 (95% C1=0.926-0.989), and its optimal cut-off value was 5.5, with a diagnostic
sensitivity, specificity, positive predictive value, and negative predictive value of 85.5%, 89.7%, 89.8%,
and 85.2%, respectively, which were all superior to those of the predictive power of each single variable.
The validation results showed that the AUC was 0.902 (95% CI=0.848-0.957) in validation group.
Conclusion: The scoring model based on plasm cfDNA and ultrasound features of the thyroid nodules
has high predictive value for diagnosis of thyroid cancer, and it provides a reference for the differential
diagnosis of thyroid benign and malignant nodules. Clinical intervention should be aggressively
performed when the score of a thyroid nodule >5.5.

Thyroid Neoplasms; Circulating Tumor DNA; Ultrasonography; Diagnosis, Differential
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A: HURIERRPESSSY (kPR ) s B-C: HURBREMEMESS T Rk fiR)

Figure 1 Ultrasound images of the thyroid nodules

A: A benign thyroid nodule (shown by the arrow); B-C: A malignant thyroid
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Figure 2 Comparison of the ¢fDNA concentrations between
patients with benign and malignant thyroid nod-

ules
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Figure 3 The ROC curve of ¢cfDNA in diagnosis of thyroid

cancer
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R1 BEAMBITABENELHELLR(=120, n (%) ]

Table1 Comparison of the baseline characteristics be-
tween modeling group and validation group [n=
120, n (%)]

®2 BRERSIEEA D RARARES TR0 E & [2=120,
n (%) ]
Table 2 Univariate analysis of factors for affecting the diagno-
sis of thyroid cancerin modeling group [=120,7 (%))

FHIE A Linaniik X P €= RAESET (n=58) EBELET (n=62)  X° P
(%) ()
<50 47(39.2) 45(37.5) <50 26(44.8) 20(40.3)
0.071 0.791 0.249 0.618
>50 73(60.80) 75(62.5) >50 32(55.2) 42(59.7)
51 51
L 31(25.8) 33(27.5) % 16(27.6) 16(25.8)
0.085 0.77 0.049 0.826
5’y 89(74.2) 87(72.5) I 42(72.4) 46(74.2)
PR L PR L
<1 56(46.7) 68(56.7) <1 40(69.0) 20(32.3)
2.403 0.121 16.151 <0.001
>1 64(53.3) 52(43.3) >1 18(31.0) 42(67.7)
PRSIl e PN ]
I [l 66(55.0) 76(63.3) (9 E) 22(37.9) 49(79.0)
- 1.725 0.189 N 20.953 <0.001
25 /1 A 54(45.0) 44(36.7) /1 B 36(62.1) 13(21.0)
A5 A5
AGERE 55(45.8) 53(44.2) AR 11(19.0) 43(69.4)
0.067 0.795 ) 30.743 <0.001
SERL 65(54.2) 67(55.8) SEHK 47(81.0) 19(30.6)
FEAL, 54k
o 53(44.2) 43(35.8) & 33(56.9) 15(24.2)
1.736 0.188 13.354 <0.001
= 67(55.8) 77(64.2) = 25(43.1) 47(75.8)
PR BEVEIRAR
w 55(45.8) 67(55.8) = 17(29.3) 44(71.0)
2.401 0.121 20.807 <0.001
= 65(54.2) 53(44.2) s 41(70.7) 18(29.0)
¢fDNA (ng/ml.) ¢fDNA (ng/mlL)
<56.84 58(48.3) 46(38.3) <56.84 41(70.7) 18(29.0)
2.443 0.118 20.807 <0.001
>56.84 62(51.7) 74(61.7) >56.84 17(29.3) 44(71.0)
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Table 3 Multivariate analysis of the factors affecting the diagnosis of thyroid cancer in modeling group and their scoring stan-

dards
A OR 95% CI P B P
¢fDNA(>56.84 ng/mL) 4.679 1.063~20.604 0.041 0.645 12
IR =1 13.028 2.420~70.130 0.003 1.220 22
ANGEREAL R 14.412 3.051~68.08 0.001 1.169 2.1
R lml 9.729 2.044~46.301 0.004 1.002 1.8
1L 5.94 1.339~26.348 0.019 0.749 1.3
AR PR 6.965 1.542~31.455 0.012 0.826 15

2.5 B—ISHRRITS R G RARBREIS BT ag Fin

HE

PR FOIR R 25 95 2 i 25 5 P 40 8 316 £ 177,
IR R g 4 A 25 B 0P 43 o 7.37 2 152, TR BT 55
2R (P<0.001) . #F—2 ROC M1 Ze s 25 R 3%
Bl (K 4), %3V 5 & G Ae AR b s i HOIR iR
(4 2 BE B2 85 (AUC=0.958, 95% CI=0.926~0.989) ,
TR AR (ARELL . RIS | R
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0.752. 0.708. 0.680. 0.715) . T4 % %t 12 W B #4
AERMIE 5.5, I h =% 5, HAEX
o B RECRR R, RS R, BH MR O, B
I3 5 M 85.5%, 89.7%, 89.8%, 852%, ¥ T
—38hr (F4). HERUEA T, AL W7 R AR
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Figure 4 The ROC curves of scoring system
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Table 4 Predictive efficacy of single factor and the score system for diagnosis of thyroid cancer in modeling group (%)

FEE TR LR FFPA S0 ISF P33 0 A
PR =1 67.7 69.0 70.0 66.7 68.3
ANTEHE A 69.4 81.0 79.6 71.2 75.0
ikl 79.0 62.1 69.0 73.5 70.8
ik 75.8 56.8 65.3 68.8 66.7
€| 71.0 70.7 72.1 69.5 70.8
¢fDNA (>56.84 ng/mL) 71.0 70.7 72.1 69.5 70.8
I RY0 85.5 89.7 89.8 85.2 87.5
3 it SZ: ofDNA AT H T M 12 Wi 36 97 S s W e

i 98 RE GE T BCHE WoR - WU M B R AR
B e P A R 2 U IR L, HIR R
75 K A R A US-FNAB FH T HUOIR AR RO MRS %
S Wi H10 T 5 o AB AT SR A7 AE 20%~25% 4 il %
W ASRE BB, B XS 4 45 1 B FNAB, 6
S A K 2 9.9%~47.8% Tt i 12 Wi 5k & SO B
US-FNAB Bk &5 4 + 12 W 52 A0 X5 5 % i gk i
(48%~63%) "V F A X B K FE R OE (48%-~
53%) "M, RITHFSE RN . US-FNAB XF HUR IR 98 12
W FJRR Ol 57.89%!" . B I K A 45 SR S R B2
W B 45 4 RAE 60% F190% =[] P 5, 2 W 2% 4k
BRM,

TR BB, ofDNA B 338 55 i 988 40 it B i
T E A A AT R R IR S B kA [ AR 2 R
B 35 DR 2E 1 o HL v R Al A R G R DR AR 1 AR Ak
A R] 2 S bR A AR 2 AT OO O AR IE
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JER/NIEMI G o of DNA JE R B0 AR 55 20 2035 46 45 1
JE—3. ofDNA & A] N b e ¥, TR 1k B
BT, ofDNA VB A 67 55 L o 5 29 60 157,
EAR /NI i (NSCLC) Hh, ofDNA ¥ Ji 55 i i
0 AL HE R AR AE B (PFS) AR A A7 I
(0S) a4 % . ofDNA 7] LIAE 4 NSCLC # % il )5
T A= Py AR B A /N AT g P, ofDNA [R] A
AT T AT 97 804k K g 2 % Wit LR
B ofDNA 5 K 5 B35 R R A9 PES AT OS #H 6P,
FEARTFGE P &I . HUR MR GME25 75 8% ofDNA
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St g O far B2 /0N, BB B A0 A I TP ofDNA 5 R A
B . (3) cfDNA ¥ F& A% Ak 55 i 988 1l IR 43 191 B A W]
AHSEME . B H, R TNM 23 I, ofDNA /K i
e ARG v B R 4 L EE IR R I R
Bil . ROC il £& 43 Bt 45 SR 42 78 1% 1 43 7 4212 Wi A 7l
HAKE L KSEE (AUC=0.958, 95% CI=0.926~
0.989) , H A f A a W (H y 5.5 4. A E 20 RN 49
TR 25 3 WoR . Y4 PE4r=5.5 702 W R IR B
B A7 1 AECIRR B ORI R S R, B M AR, B
B, T G0 i B — 8 b A I 0% T0I AN . R
RIXT H FNAB+BRAF+#8 7512 W Jy vk B TG, wlsg
IR MR 2595 S A MR o X AE A DX Sk 2 2
BoOE b, WEA — & B M E . BRAF JEH
7E b R OBR FL Sk IR F IR R R b R AR R
71.29 , Ho A g B S A R B9 £ BRAF 4k [
RAF X B . KT EHAR <L em B0 B AR, H L
BEA FR IR 4595, FNAB 25 il B 5 t 3 UM 45 51 R
TR, 0L W H R B M A, IR
AT AT B R b LR ik kG . R, AR B SE A
E—Se R R () AP SRR R D, WE
Z b REEAR B R K2 WAL RE s (2 ARWFSE
A ik — 25 o BT % B AL A N TR I DR 43 91 HR R 9 oh
12 W (8 DL B AE AN [) R R 98 s 2 43 80 v 1) 12
SURE, T S T R AH SE S

M2z, ARBFIEIE T ofDNA (1 ¥ BE A IR R 98
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DR R M P 45 7 S 51, Oy FEOIR AR 19 T 12
PEAL T B BB . A5 OCTE B2 X AN 12 W AR R A

© WA )3 of [ FF I F A EPTA

S5 (12 W A0 Bl 2 W LA A I PR AN (L.

£ % Xk

[1] Wang J, Yu F, Shang Y, et al. Thyroid cancer: incidence and
mortality trends in China, 2005-2015[J]. Endocrine, 2020, 68(1):
163-173. doi:10.1007/s12020-020-02207-6,

[2] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020[J]. CA
Cancer J Clin, 2020, 70(1):7-30. doi:10.3322/caac.21590.

[3] BEWIRR, WA R, Edfl, A5 ROGE HURARES W I IR R4S 5

Br [ T EE 25 R 2%, 2020, 10(21): 14-17. doi: 10.3969/j.
issn.2095-0616.2020.21.005.
Xue MM, Shang MY, Wang ZH, et al. Analysis on the clinical
feature of benign and malignant thyroid nodules[J]. China
Medicine and Pharmacy, 2020, 10(21): 14-17. doi: 10.3969/.
issn.2095-0616.2020.21.005.

[4] TRIAA . R0 22 R 7 X HOPRMRES I ARAS I 2 BT (0], S5

5% 5 BE 2 R, 2020, 4(21): 246-247. doi: 10.3969/j. issn. 2096~
3807.2020.21.140.
Zhang QC. Analysis of color Doppler ultrasonography in clinical
detection of thyroid cancer[J]. Journal of Imaging Research and
Medical Applications, 2020, 4(21): 246-247. doi: 10.3969/].
issn.2096-3807.2020.21.140.

[51 MHARAR, 4xBERT, AR . S 51 T HUIR R A0 B 28 00 35 A A
U E T[] BE 255242440, 2020, 30(7):1305-1307.

Ye JP, Jin XK, Ye SG. Analysis of clinical value of ultrasound-
guided thyroid fine needle biopsy[J]. Journal of Medical Imaging,
2020, 30(7):1305-1307.

[6] Xing M, Haugen BR, Schlumberger M. Progress in molecular-
based management of differentiated thyroid cancer[J]. Lancet,
2013, 381(9871): 1058-1069. doi: 10.1016/S0140-6736(13)
60109-9.

[7] Gilson P. Enrichment and Analysis of ctDNA[J]. Recent Results
Cancer Res, 2020, 215: 181-211. doi: 10.1007/978-3-030-26439-
0_10.

[8] Szilagyi M, Pés O, Marton E, et al. Circulating Cell-Free Nucleic
Acids: Main Characteristics and Clinical Application[J]. Int J Mol
Sci, 2020, 21(18):6827. doi:10.3390/ijms21186827.

[9] Pessoa LS, Heringer M, Ferrer VP. ctDNA as a cancer biomarker: A
broad overview[J]. Crit Rev Oncol Hematol, 2020, 155: 103109.
doi:10.1016/j.critrevonc.2020.103109.

[10] ZEEE, X4 T . JRER b DNA 77 [ 5 v (4 1 FA IO FH afE JE2 7.
i [ % AR 2R 7, 2021, 30(3): 337-342. doi: 10.7659/j. issn.
1005-6947.2021.03.012.

Li WW, Liu JL. Advances in clinical application of circulating

http://'www.zpwz.net


http://dx.doi.org/10.1007/s12020-020-02207-6
http://dx.doi.org/10.3322/caac.21590
http://dx.doi.org/10.3969/j.issn.2095-0616.2020.21.005
http://dx.doi.org/10.3969/j.issn.2095-0616.2020.21.005
http://dx.doi.org/10.3969/j.issn.2095-0616.2020.21.005
http://dx.doi.org/10.3969/j.issn.2095-0616.2020.21.005
http://dx.doi.org/10.3969/j.issn.2096-3807.2020.21.140
http://dx.doi.org/10.3969/j.issn.2096-3807.2020.21.140
http://dx.doi.org/10.3969/j.issn.2096-3807.2020.21.140
http://dx.doi.org/10.3969/j.issn.2096-3807.2020.21.140
http://dx.doi.org/10.1016/S0140-6736(13)60109-9
http://dx.doi.org/10.1016/S0140-6736(13)60109-9
http://dx.doi.org/10.1007/978-3-030-26439-0_10
http://dx.doi.org/10.1007/978-3-030-26439-0_10
http://dx.doi.org/10.3390/ijms21186827
http://dx.doi.org/10.1016/j.critrevonc.2020.103109
http://dx.doi.org/10.7659/j.issn.1005-6947.2021.03.012
http://dx.doi.org/10.7659/j.issn.1005-6947.2021.03.012

962

g E

SRR R 5530 %

tumor DNA in pancreatic cancer[J]. Chinese Journal of General

Surgery, 2021, 30(3): 337-342. doi: 10.7659/j. issn. 1005-
6947.2021.03.012.

[11] Khatami F, Tavangar SM. Liquid Biopsy in Thyroid Cancer: New
Insight[J]. Int J Hematol Oncol Stem Cell Res, 2018, 12(3):
235-248.

[12] Salvianti F, Giuliani C, Petrone L, et al. Integrity and Quantity of
Total Cell-Free DNA in the Diagnosis of Thyroid Cancer:
Correlation with Cytological Classification[J]. Int J Mol Sci, 2017,
18(7):1350. doi:10.3390/ijms18071350.

[13] Zane M, Agostini M, Enzo MV, et al. Circulating cell-free DNA,
SLC5AS8 and SLC26A4 hypermethylation, BRAF(V600E): A non-
invasive tool panel for early detection of thyroid cancer[J]. Biomed
Pharmacother, 2013,  67(8): 723-730.  doi:  10.1016/j.

biopha.2013.06.007.

XIWEHT, 22557, IME . J3 A I HOAR e HUR IR ES 15236 T R

8 (0], B 2 AR 2R 3, 2015, 35(6):624-629. doi: 10.7504/

CJPS.ISSN1005-2208.2015.06.10.

[14

=

Liu XL, Li F, Sun H. Value of molecular testing technique in
diagnosis and management of thyroid nodule[J]. Chinese Journal of
Practical Surgery, 2015,
ISSN1005-2208.2015.06.10.
[15] ZEARR, AR, KE . T [ FRORR JBR 235 55 200 A1 2 A A 5 R B
AR B HE R[], b [ 92 A RE 2% L 2020, 40(2): 195-198. doi:
10.19538/j.cjps.issn1005-2208.2020.02.13.

35(6): 624-629. doi: 10.7504/CJPS.

Li CL, Zhou L, Sun H. Status and progress of fine needle aspiration
biopsy for thyroid nodules in China[J]. Chinese Journal of Practical
Surgery, 2020, 40(2): 195-198. doi: 10.19538/j. cjps. issn1005—
2208.2020.02.13.

[16] Nikiforov YE, Ohori NP, Hodak SP, et al. Impact of mutational
testing on the diagnosis and management of patients with
cytologically indeterminate thyroid nodules: a prospective analysis
of 1056 FNA samples[J]. J Clin Endocrinol Metab, 2011, 96(11):
3390-3397.d0i:10.1210/jc.2011-1469.

[17] Beaudenon-Huibregtse S, Alexander EK, Guttler RB, et al.
Centralized molecular testing for oncogenic gene mutations
complements the local cytopathologic diagnosis of thyroid nodules[J].
Thyroid, 2014, 24(10):1479-1487. doi: 10.1089/thy.2013.0640.

[18] Alexander EK, Kennedy GC, Baloch ZW, et al. Preoperative
diagnosis of benign thyroid nodules with indeterminate cytology[J].
N Engl J Med, 2012, 367(8): 705-715. doi: 10.1056/
NEJMoal203208.

[19] Erkinuresin T, Demirci H. Diagnostic accuracy of fine needle
aspiration cytology of thyroid nodules[J]. Diagnosis (Berl), 2020, 7
(1):61-66. doi:10.1515/dx-2019-0039.

[20] Volckmar AL, Siiltmann H, Riediger A, et al. A field guide for

© WA )3 of [ FF I F A EPTA

cancer diagnostics using cell-free DNA: From principles to practice
and clinical applications[J]. Genes Chromosomes Cancer, 2018, 57
(3):123-139. doi: 10.1002/gcc.22517.

[21] Kerachian MA, Poudineh A, Thiery JP. Cell free circulating tumor
nucleic acids, a revolution in personalized cancer medicine[J]. Crit
Rev Oncol Hematol, 2019, 144: 102827. doi: 10.1016/.
critrevonc.2019.102827.

[22] Gai W, Sun K. Epigenetic Biomarkers in Cell-Free DNA and
Applications in Liquid Biopsy[J]. Genes (Basel), 2019, 10(1): 32.
doi:10.3390/genes10010032.

[23] Seton-Rogers S. Closing in on cfDNA-based detection and
diagnosis[J]. Nat Rev Cancer, 2020, 20(9): 481. doi: 10.1038/
s41568-020-0293-7.

[24] Rolfo C, Cardona AF, Cristofanilli M, et al. Challenges and
opportunities of cfDNA analysis implementation in clinical
practice: Perspective of the International Society of Liquid Biopsy
(ISLB) [J]. Crit Rev Oncol Hematol, 2020, 151: 102978. doi:
10.1016/j.critrevonc.2020.102978.

[25] Cirillo M, Craig AFM, Borchmann S, et al. Liquid biopsy in
lymphoma: Molecular methods and clinical applications[J]. Cancer
Treat Rev, 2020, 91:102106. doi: 10.1016/j.ctrv.2020.102106.

[26] Valpione S, Gremel G, Mundra P, et al. Plasma total cell-free
DNA (cfDNA) is a surrogate biomarker for tumour burden and
a prognostic biomarker for survival in metastatic melanoma
patients[J]. Eur J Cancer, 2018, 88: 1-9. doi: 10.1016/j.
ejca.2017.10.029.

[27] Spindler KG, Boysen AK, Pallisgard N, et al. Cell-Free DNA in
Metastatic Colorectal Cancer: A Systematic Review and Meta-
Analysis[J]. Oncologist, 2017, 22(9): 1049-1055. doi: 10.1634/
theoncologist.2016-0178.

[28] Bu J, Lee TH, Jeong WIJ, et al. Enhanced detection of cell-free
DNA (cfDNA) enables its use as a reliable biomarker for diagnosis
and prognosis of gastric cancer[J]. PLoS One, 2020, 15(12):
€0242145. doi: 10.1371/journal.pone.0242145.

[29] Ai B, Liu H, Huang Y, et al. Circulating cell-free DNA as a
prognostic and predictive biomarker in non-small cell lung cancer[J].
Oncotarget, 2016, 7(28): 44583-44595. doi: 10.18632/
oncotarget.10069.

[30] Sidaway P. cfDNA monitoring is feasible in SCLC[J]. Nat Rev Clin
Oncol, 2020, 17(1):7. doi:10.1038/s41571-019-0300-7.

[31] Yang J, Cheng L, Zhang J, et al. Predictive value of circulating cell-
free DNA in the survival of breast cancer patients: A systemic
review and meta-analysis[J]. Medicine (Baltimore), 2018, 97(28):
el11417. doi: 10.1097/MD.0000000000011417.

[32] Tessler FN, Middleton WD, Grant EG, et al. ACR Thyroid

Imaging, Reporting and Data System (TI-RADS): White Paper of

http://'www.zpwz.net


http://dx.doi.org/10.7659/j.issn.1005-6947.2021.03.012
http://dx.doi.org/10.7659/j.issn.1005-6947.2021.03.012
http://dx.doi.org/10.3390/ijms18071350
http://dx.doi.org/10.1016/j.biopha.2013.06.007
http://dx.doi.org/10.1016/j.biopha.2013.06.007
http://dx.doi.org/10.7504/CJPS.ISSN1005-2208.2015.06.10
http://dx.doi.org/10.7504/CJPS.ISSN1005-2208.2015.06.10
http://dx.doi.org/10.7504/CJPS.ISSN1005-2208.2015.06.10
http://dx.doi.org/10.7504/CJPS.ISSN1005-2208.2015.06.10
http://dx.doi.org/10.19538/j.cjps.issn1005-2208.2020.02.13
http://dx.doi.org/10.19538/j.cjps.issn1005-2208.2020.02.13
http://dx.doi.org/10.19538/j.cjps.issn1005-2208.2020.02.13
http://dx.doi.org/10.19538/j.cjps.issn1005-2208.2020.02.13
http://dx.doi.org/10.1210/jc.2011-1469
http://dx.doi.org/10.1089/thy.2013.0640
http://dx.doi.org/10.1056/NEJMoa1203208
http://dx.doi.org/10.1056/NEJMoa1203208
http://dx.doi.org/10.1515/dx-2019-0039
http://dx.doi.org/10.1002/gcc.22517
http://dx.doi.org/10.1016/j.critrevonc.2019.102827
http://dx.doi.org/10.1016/j.critrevonc.2019.102827
http://dx.doi.org/10.3390/genes10010032
http://dx.doi.org/10.1038/s41568-020-0293-7
http://dx.doi.org/10.1038/s41568-020-0293-7
http://dx.doi.org/10.1016/j.critrevonc.2020.102978
http://dx.doi.org/10.1016/j.critrevonc.2020.102978
http://dx.doi.org/10.1016/j.ctrv.2020.102106
http://dx.doi.org/10.1016/j.ejca.2017.10.029
http://dx.doi.org/10.1016/j.ejca.2017.10.029
http://dx.doi.org/10.1634/theoncologist.2016-0178
http://dx.doi.org/10.1634/theoncologist.2016-0178
http://dx.doi.org/10.1371/journal.pone.0242145
http://dx.doi.org/10.18632/oncotarget.10069
http://dx.doi.org/10.18632/oncotarget.10069
http://dx.doi.org/10.1038/s41571-019-0300-7
http://dx.doi.org/10.1097/MD.0000000000011417

58

R, FEThREIEEDNAL FORRE 1A F R FRRE D BEA R ERIE 963

the ACR TI-RADS Committee[J]. J Am Coll Radiol, 2017, 14(5):
587-595. doi: 10.1016/j.jacr.2017.01.046.

[33] Ahn HS, Lee JB, Seo M, et al. Distinguishing benign from
malignant thyroid nodules using thyroid ultrasonography: utility of
adding superb microvascular imaging and elastography[J]. Radiol
Med, 2018, 123(4):260-270. doi:10.1007/s11547-017-0839-2.

[34] Shayganfar A, Hashemi P, Esfahani MM, et al. Prediction of
thyroid nodule malignancy using thyroid imaging reporting and
data system (TIRADS) and nodule size[J]. Clin Imaging, 2020, 60
(2):222-227. doi:10.1016/j.clinimag.2019.10.004.

[35] ZR, oK T, S5k, 55 . ILVR I R 1 .30 BY DNA IS el 5

6630 15 9 TH T 8CR B2 TS B RH SR PR [J]. J88AE 2E /2, 2020, 18(12):
1240-1243. doi:10.11877/j.issn.1672-1535.2020.18.12.13.
Qin L, Zhang Z, Qi ZF, et al. Correlation of serum thymidine
kinase 1 and cell-free DNA co-detection and postoperative
chemotherapy and prognosis of advanced gastric cancer[J].
Oncology Progress2020, 18(12): 1240-1243. doi: 10.11877/.
issn.1672-1535.2020.18.12.13.

[36] Rashid FA, Munkhdelger J, Fukuoka J, et al. Prevalence of
BRAFV600E mutation in Asian series of papillary thyroid
carcinoma-a contemporary systematic review[J]. Gland Surg, 2020,
9(5):1878-1900. doi:10.21037/gs-20-430.

[37] BUTEE, TSR, VT, A5 AT T ANEZE R R AR ES 5 1Y
LB B B G e [ 2R (0], v e 3 AR R 2R L 2019, 28(11):

1347-1353. doi:10.7659/j.issn.1005-6947.2019.11.005.

Huang WZ, Zhang ZJ, Bai N, et al. Diagnostic value of ultrasound-
guided fine needle aspiration for thyroid nodules and the influential
factors[J]. Chinese Journal of General Surgery, 2019, 28(11):1347-
1353. doi:10.7659/j.issn.1005-6947.2019.11.005.

[38] yH 2%, B, BOKEE, 55 27 RIS RS K R ARES 15 i 2R 5

DS A0 2R R IO W R G R D], T E AR
Z% & , 2019, 28(5): 543-550. doi: 10.7659/j. issn. 1005-
6947.2019.05.005.
Lu X, Tian SM, Zhao YF, et al. Relations of puncture needle gauge
and type of vascularity of thyroid nodule with sample satisfaction
rate of ultrasound-guided fine needle aspiration biopsy[J]. Chinese
Journal of General Surgery, 2019, 28(5): 543-550. doi: 10.7659/j.
issn.1005-6947.2019.05.005.

(AUspit £85)

A S5| AR ARG, T MELL, WAL, SRR T LR AR PR BS
DNA 5 FUR R S5 15 8 75 R A A FBR i 12 W ) K LI iE [ ]
rb [ 8 AR 2R, 2021, 30(8):955-963. doi: 10.7659/j.issn. 1005—
6947.2021.08.011

Cite this article as:Yu YL, Shen XS, Hu CH, et al. Establishment of di-
agnosis model for thyroid cancer based on plasma circulating cell-free
DNA and ultrasound characteristic of thyroid nodules and its verifica-
tion[J]. Chin J Gen Surg, 2021, 30(8): 955-963. doi: 10.7659/j.
issn.1005-6947.2021.08.011

KT —RAERMN—iEm R B AL 22/ =R

AT 2 08 A AT A SN — R BRI — R, O 1 P A TG P 35 0 DR 1A M) 6, AR TR — s PR — A 4

[F)RE A AL FRA AN

L —Ts P — R BN E : LS RURBETE AR, TR — P s AR 2, S 28 A m . R
SCTERIK AT REATAE R R Z A B P SCR , 3B AR, TR — R i — 2 ARG T, W —RRPi . il
B BIRANISWARIERBGAE M . A SCAGUR BRSO | B I RGE S SR B B A AR 2k, LR — M ek
TR 2SO 7 — 28, ANER P (EAEE S B, LA O R R i

2 AEBAEAEEDOR RIS 3 A AR RR R R, RV EAR B, A BBt ], e S5 A g B I 2R

3. AR U SCRAT — R P B s BE T, REA B AT S BRI A AR I B M, e b B DR w1
R RN Tk ST (B 2P O =Y -2 o i D s S e e (W S BS 7 K aBei a2 48

4 — TP — 2 S:, WIS RIS, MZAEEEAE — R TR S e 3, 2R IEAR TR R — R — 2k
5, KRN EAGE TP P ER 4 L AOLUSOZIE AR R AR, MZIEENE—EE IR B RIE S, 24F R E
ARTE R . ASTUPRG L F 5 385 B B AT s A ey EL A R A T i A

© WA )3 of [ FF I F A EPTA

o 238 S A 2 4R

http://'www.zpwz.net


http://dx.doi.org/10.1016/j.jacr.2017.01.046
http://dx.doi.org/10.1007/s11547-017-0839-2
http://dx.doi.org/10.1016/j.clinimag.2019.10.004
http://dx.doi.org/10.11877/j.issn.1672-1535.2020.18.12.13
http://dx.doi.org/10.11877/j.issn.1672-1535.2020.18.12.13
http://dx.doi.org/10.11877/j.issn.1672-1535.2020.18.12.13
http://dx.doi.org/10.21037/gs-20-430
http://dx.doi.org/10.7659/j.issn.1005-6947.2019.11.005
http://dx.doi.org/10.7659/j.issn.1005-6947.2019.11.005
http://dx.doi.org/10.7659/j.issn.1005-6947.2019.05.005
http://dx.doi.org/10.7659/j.issn.1005-6947.2019.05.005
http://dx.doi.org/10.7659/j.issn.1005-6947.2019.05.005
http://dx.doi.org/10.7659/j.issn.1005-6947.2019.05.005
https://dx.doi.org/10.7659/j.issn.1005-6947.2021.08.011
https://dx.doi.org/10.7659/j.issn.1005-6947.2021.08.011

	1     资料与方法
	1.1 一般资料
	1.2 检测方法
	1.3 统计学处理

	2     结　果
	2.1 甲状腺良恶性结节患者的血浆cfDNA的浓度差异
	2.2 基线特征比较
	2.3 建模组中影响甲状腺癌诊断的单因素分析
	2.4 建模组中影响甲状腺癌诊断的多因素分析及评分标准
	2.5 单一指标及评分系统在甲状腺癌诊断中的预测价值

	3     讨　论

