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Abstract

Objective: To analyze the clinical significance of serum cystatin C (Cys-c) and ultrasound in the di-
agnosis of papillary thyroid carcinoma (PTC) by constructing a line diagram model based on clinical
and ultrasonographic features. Methods: A total of 187 patients with pathologically confirmed PTC
admitted to the Third Department of General Surgery at Suzhou Municipal Hospital in Anhui Prov-
ince from January 2023 to June 2024 were selected and divided into the LNM group and non-LNM
group based on postoperative pathological reports. Concurrently, 125 patients with benign thyroid
nodules who were treated at our hospital during the same period were selected as the healthy con-
trol group. Serum samples were collected from all patients, and the levels of serum HCY and Cys-C
were detected using enzyme-linked immunosorbent assay (ELISA). Multiple ultrasound features,
including lymphadenopathy, hypoechoicity, tumor number, diameter, indistinct borders, irregular
morphology, calcification, and aspectratio = 1, were recorded. Univariate and multivariate analyses
were performed, and a clinical ultrasound feature column-line diagram model was constructed. The
model’s discriminative power, calibration, and clinical utility were evaluated using receiver oper-
ating characteristic (ROC) curves, calibration curves, and decision curve (DCA) analysis. Results:
Compared with patients with benign thyroid nodules, PTC patients exhibited features such as indis-
tinct borders, irregular morphology, and calcification on ultrasound, with lower serum Cys-C levels.
However, there were no significant statistical differences in age, gender, nodule diameter, or HCY
between the two groups. Conclusion: Ultrasound images of patients with papillary thyroid carci-
noma often exhibit features such as hypoechoic, irregular morphology, calcification, and aspect ra-
tio 2 1, with lower serum cystatin C levels compared to the benign nodule group. The logistic regres-
sion model constructed based on clinical serum cystatin C levels and ultrasound characteristics
holds significant value for the predictive diagnosis of papillary thyroid carcinoma.

Keywords

Papillary Thyroid Carcinoma, Ultrasound Characteristics, Cystatin

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 518

FRODR B H AT 2Oy R E BT =0 R miE s Forb DL R AL LR (papillary thyroid carcinoma, PTC)
BN L, 20 B AR 90%, KR B UG BT, 156 &0 4 B i A Bk 2 45 %% 7% (lymph
node metastasis, LNM), 520 | 835 B FARMERE L TUG . H TR b 32 25888 75 BEUR S 28 il s 2R A 2
WL T HOR B 4575 1 RS, (B 50 25 R R 3 Skt e 1 2 H 3000 S0k O 25 6 2 1) 8 2 FROIR i R e
Z W R B S A R, TR B2 W BEROR 1], SR Sl e oo 75 AR i 40 W R ODR iR 45
T RSB A UETR . 200 PTC B HIESWIRT SR AR T SRRk 45568, 25 H R IR b2 A R 3
W EL 4556 85 (CLNM) 2 R i ke B B2k ISl IR R [2], iR TS DA ROR S5 18 R G Ol - 2R AT
JREI 2P AN R o Jir DALV 40 W7 BRI 5 4 1) RS T B8 R 7 sk £ L ROR 5 42
IR ERAEER X MIEFHRAR IR N HBON iz e & T8, @ gmessh B, B

DOI: 10.12677/acm.2026.163824 576 Il R 125 23k i


https://doi.org/10.12677/acm.2026.163824
http://creativecommons.org/licenses/by/4.0/

PR, HRA

AR R AN RBBURE R T 0 A T BUBOA AT [3] . L RIS IR (HCY), iEfiR C
(Cys-c)/K-F B IESE 5 2 MUBMEIIR AT K [4]. 22Tk, ABFFEIEX L PTC 835 5 RSS9 B ik R
B2 0% (homocysteine, HCY) R 3 (Cys-¢) K- ARG AR RFAE S, S TS Wiz, prAli2 i
IR, PR TR PTC A3 s XU AR S A1t 2 AR

2. #IRE
2.1, — PSR

[ 5> BT 2023 4F 1 H & 2024 4F 6 H 15 MM T LB B 4 = RHGE AR ELIE S 1Y 187 i PTC &
&, [RIREEFE RIS THRBE 125 51 FURIR R PESETT EE E R IR . DF RS AT A S 312
B, Forp Rk FIRARSE ST 125 B, L 187 9. P AELLE TR B BT TH 25 R ST (P = 1.427,P =
0.232). 5T, KRR AR T A %5 B 53.00 (47.00, 55.00) % A1 50.00 (39.00, 55.00) %,
7 ARIEF) K F(Z = 1.882, P = 0.060) (W7 1).

PR ZE 5 P = 0.06 B 3, 2 W 7R I FAR AR AL R vl R A TR AERE B, BRI =
W@ H TE 30~50 %, (HINE AR —Tisd O RTREERA ST F o ORI SR i gk e 51 i i i iR 7
RAEAN RIS TC R 25 5, 1 DR R 3 e (0 3 v 9 2R B AR W PRI T v 20 AT H 3R e e ) J& BRI T
AE S5IZ AR BUR F EEN BOR BT FE LA 3¢, R A FEAS G N SR8 1K) 20 HT

Table 1. Comparison of gender and age between the benign group and the thyroid cancer group

F 1 MAMEFRERMESREEBE R

AL (N = 125) FE (N = 187) ST P{A

1) 1.427a 0.232
S 110 (88%) 154 (82.4%)
5 15 (12%) 33 (17.6%)

i 53.00 (47.00, 55.00) 50.00 (39.00, 55.00) 1.882b 0.06

W a N 2gqitE; b Z GuikgE. [ 2 TER.

2.2. MNFREFNHEBS AR

MAFRE: © QARJEHE BB FRIRILCRNE: @ TARBAT PRI, RIS HIR
BRI UIBR I Y) + R XRESE AR @ BAE BB EIESHER, @ BE&FLAFBHFREFEIFE
FANEFRES; © WABUR ER . fEBkbriE: © SR ML RS EA; @ A7 7 H AR AL 5
@ BIFHAADWARIIN G @ EIFHACMETR; © E=" A WA L. 83 &K
JREIEZ G R RS, AW TORABAE B2 A 2wt

23. Bk

2.3.1. FHRPER

BENGE SRR, BCREFEIER . R U ISR FARMGIT . IR K L
DRI S WO S S IR B} T BB R AT AT HOIR R R Sk R a5l 7=, ik 2 MEARR, ik
TR B TR R BRI AT E LR, SRRBCEEBER: Py BE ek E s
BEAEAT HUR B TR, WOR GBI Hi . PR SRR IEECE R LSt (P > 0.05), HA W
B
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2.32. IRAREKERALHE
TEE NG H I R 2 I R KL 5 ml, £8 3000 r/min 250> 10 min 43 B 1138, ¥ HE T-70°C
HIZEAT T ORAE, SR IR S BE VR PRAE AL LI HCY & Cys-C KT

233, HESEHBERE

TR T TR0 % B B R, T & BB Bk I TE 75~12.0 MHZ S5 . Kegein ik i 4
BFFRER L, IR TR, R AR E S ORI R, A P SRSk B R,
PR TS 446Sk 2 56 B U AT, SRR DI, SIS RIS, U Ak K, 36K PTC
PR R R E R) ELE, R HBUREE . DR, AR, SR, ARG
S<1) B

2.4. FEIGHR

@© BB FERAE, EAER A H (AR ZK). MR EAZEL cm, <1 em), REEGE. 7). 2
FHEMGE . W) B0 7). HBIHEL, <)% 0L, DURIHE HCY . Cys-C K @ RHAZRE T
VEHSIE i 2k (receiver operating characteristic curve, ROC) 73 T8 A A AE AN LI HCY . Cys-C 7KFX} PTC KJ
SRR G2 ke @ LT 2K EK Logistic [F1U3 74T 8 51 2% B T AN AL T FF 8 26 XU -

25. GitFE ST

KM SPSS 26.0 Ziit HAF A BT A E AT oM. TFEBURMRYE Shapiro-Wilk IE 2SR50 45 Rt
oA A, 56 IR E U + bsEZRoR, ARIES A LR A 8 (WY 7 A ml BE) o 703k
GORHAGI RN 70 LR oR . SR Z T, TR BORMRYE B 20 A 75 00 70 SR L ARSZAE AR t A6 56 8 Mann-
Whitney U K56, 702KB0RERH] 2 K30k Fisher FEmifade. KRz oMb B St 3 LR RN
Z K Logistic [AI AR, RAEIAEIAT AR IE, PLITAG 2 B F0 45 R S FR LR, 45 R DAL E
EE(OR) 22 H: 959% 17 [X [1] (95%CI) &« F& T £ K3 Logistic [81 573 Hr H HAT G2 i SCH Tl b5 544 2
HRE AR, JF22 i 32008 TARRFIE(ROC) 2k, THSHIZE N TR (AUC) K 3L 95%E {7 [X ] LAPF A 1 2
I RE 77 5 (R I RR Al 24 6 15 200 52 Soe AT, DR SEAH N A R AU AN 57t 2 o 3k — P L T 5 2% Logistic
BB @A G, BT AN U TN . BT et R g B o X 3, B P < 0.05 N =R AA 4t

3. R

WEFRILGINBE TR B 312 1], Horb RPERDIRARES T 125 5], HORIRFL R4 187 4. W2 AE
PR T 22 S T GE i L (? = 1.427, P = 0.232). E# 510, R4S ORI LRI 4LAE w8 2 500
7174 53.00 (47.00, 55.00) % #11 50.00 (39.00, 55.00) %/, WHZH 7 5 RIS F W2 /KF+(Z = 1.882, P = 0.060). R
PR g X AR FR I N ARE L, T HE AL 71.7% A R X M, 28.3% A gL [X B

3.1 FRABEBEFHMELLR

R FEARFAE T T, DR R TSR DR Y 4L (9] 75 &5 747 B A 42 2 v T R PR 45715 41.(81.8% vs. 53.6%, 2 = 27.350,
P<0.001). PATELETIEH (FRRIZ R) T Z 7+ TS5 X (? = 0.366, P =0.545), L5 EHE >1cm (1)
FLBIPRAAR Y, (HRRANE & T R4, ZRAREGIHFE L (54.0% vs. 43.2%, * = 3.083, P =0.079), F
e 2R 2 TG B AR RO R A T R, A3 545 (62.0% vs. 40.0%, 2 = 13.735, P < 0.001).
TEAS A (65.29% vs. 39.2%, y2 = 19.473, P < 0.001). 51k (61.0% vs. 38.4%, 52 = 14.388, P < 0.001) LA 4\
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Mk > 1 (58.3% vs. 36.8%, y2 = 12.993, P < 0.001).
3.2. P BEEIBIRLLE

A FRbR T TE, HRE LB R C KF[0.50 (0.41, 0.66)] 2 E KT K 1:41[0.63 (0.49, 0.81)], ERFHA
Giit 2 X (Z = 4.168, P < 0.001). PIAL[AAL PP BR/K -2 7 L4 ih 22 = X (Z = 1.630, P = 0.103), 1
DX b E 25 PPl RN AE RS 2L S0, AR AE RIS B, 78 RPEA bR N “AIEH 7, £ LASSO i
HRTCHERR, MORIN T

3.3. FigHRxt PTC BISHTBE T (R 2) (P REBEBLETENANGTHELR, (A TR SL)

Table 2. Comparison of clinical indicators between the benign group and the thyroid cancer group

= 2. ImPRIEARTE R 144 S AR A BT

I R FE bR RAEL(N = 125) B4 (N = 187) giit & P14
kX
- 0 (0%) 134 (71.7%)
+ 0 (0%) 53 (28.3%)
A H 125 (100%) 0 (0%)
KBS 27.350a <0.001
4 58 (46.4%) 34 (18.2%)
= 67 (53.6%) 153 (81.8%)
HEBRZ 0.366a 0.545
5 60 (48%) 82 (43.9%)
% 65 (52%) 105 (56.1%)
HiZ(>1cm) 3.083a 0.079
o 71 (56.8%) 86 (46%)
T 54 (43.2%) 101 (54%)
7w 13.735a <0.001
= 75 (60%) 71 (38%)
4 50 (40%) 116 (62%)
TEAF 19.473a <0.001
sz 76 (60.8%) 65 (34.8%)
3 49 (39.2%) 122 (65.2%)
4k, 14.388a <0.001
o 77 (61.6%) 73 (39%)
= 48 (38.4%) 114 (61%)
MREELCT) 12.993a <0.001
3 79 (63.2%) 78 (41.7%)
b 46 (36.8%) 109 (58.3%)
kI 0.63 (0.49, 0.81) 0.50 (0.41, 0.66) -4.168a <0.001
[ 284 > ik S R 9.40 (7.60, 11.60) 9.40 (7.65, 17.50) 1.630b 0.103

E: a N gt E: b Z GiitE.
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ROC £k Ml B IR, & F—4Rhront F e 6 5 50l B RE 35 4 T rh 57K P I [ 75 1 il 28 R T AR (AUC)
4 0.641 (95%Cl: 0.589~0.693), fEfmfEwkWi{H 0.5 &b, HARBE N 0.818, K& N 0.464, LEFREH
0.282. L FiE M« AR, F514k K 08 He (>1) i) AUC 43 %1 0.610 (95%Cl: 0.555~0.666)+ 0.630 (95%ClI:
0.575~0.685). 0.613 (95%CI: 0.557~0.668) Al 0.607 (95%Cl: 0.552~0.663), _LiR$EHRTES H e fEAIKi{H 0.5
Qb 1) R B RS S R R T, ZE TN T 0.215~0.260 2 [A]. ZEALTEARBEINE C X I 1 % Bl g
JRAEF &K, H AUC o4 0.639 (95%Cl: 0.575~0.703). fEf kb {E 0.585 i, BEIME C M RBUE N
0.674, ¥E5FEN 0.616, ZIEBHECN 0.290 (3 3).

B DR 2 AR RIS PR AL S, LRI a4 . BCA TR ALY AUC y 0.787 (95%Cl:
0.736~0.838), 1Ef EakTE 0.725 &b, REUE N 0.588, Hr5HJE N 0.856, LIBIEECH 0.444, HRIREEAHE
RULE F e 2500 vh B B I 452 WA (] 1)

Table 3. ROC analysis of single and combined biomarker diagnostic efficacy for papillary thyroid carcinoma

72 3. TR AREL LR BN BIERS M R B SIS HTEE ROC 4
B AUC (95%Cl) R T {E R R AREE IR
L 9E 0.641 (0.589~0.693) 0.5 0.818 0.464 0.282
0 5 0.61 (0.555~0.666) 0.5 0.62 0.6 0.22
TEASFN] 0.63 (0.575~0.685) 0.5 0.652 0.608 0.26
4k, 0.613 (0.557~0.668) 0.5 0.61 0.616 0.226
YA LL(>1) 0.607 (0.552~0.663) 0.5 0.583 0.632 0.215
RN 0.639 (0.575~0.703) 0.585 0.674 0.616 0.29
A T 0.787 (0.736~0.838) 0.725 0.588 0.856 0.444
S
o _|
[«
O ]
[
b=
&
%
=
(e
/ — fK[E 75 AUC:0.641(0.589~0.693)
a_ — U FEMAUC:0.610(0.555~0.666)
< 4 AN AUC:0.630(0.575~0.685)
— FELLAUC:0.613(0.557~0.668)
——— Y EL(>1)AUC:0.607(0.552~0.663)
o I AUC:0.639(0.575~0.703)
ST — ELATRIAUC:0.787(0.736~0.838)
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
145 57

Figure 1. ROC curves for single-marker and combined-marker diagnostic efficacy in papillary thyroid carcinoma

B 1. X ERBREL SRR R B0 R IEFRIS BT R BX S 1R ARSI RRE ROC HAZE
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3.4. BE%E Logistic B35

B = R B Gt E O IR SR BN Z K3 Logistic [FIARIAY . 455 SR {IKE
PR 8540, PREEL > 1 Rz C /K F35 9 W R AR A SZ 5 e R 2% G Tm] 8 45 740 R AR
P O XU S22 35 71 5 (OR = 4.39, 95%Cl: 2.45~7.84, P < 0.001). JEAAHII(OR = 2.21, 95%Cl: 1.25~3.93, P =
0.006). #54L(OR = 2.07, 95%Cl: 1.20~3.56, P = 0.009) LA K 4Lt > 1 (OR = 2.87, 95%CI: 1.66~4.93, P <
0.002)4) 15 F g RIS 39 o S5l 3 AH 56 o ORI 3R C /K1 5 Fi e & A 22 17kH 5%, H OR B 9 0.17 (95%C1: 0.05~0.54,
P=0.003), $&/RBEANER C /KT Al e -5 FF s A IRV FRAICAR O o 32 FHIE I 5 H s A2 RIS 2 1) AW 4%
FI R FH A (OR = 1.29, 95%Cl: 0.72~2.32, P = 0.384) (¥ 4).

Table 4. Multifactorial Logistic regression analysis of papillary thyroid carcinoma

= 4. FRBRILOREER Z A 3 Logistic =IYVA7 4

Bl B RE SE FrifEiR % ZGitE OR (95% CI) P{H
(&) -0.97 0.502 -1.931 0.38 (0.14, 1.01) 0.054
Rl 1.479 0.296 4.99 4.39 (2.45, 7.84) <0.001

12 5 B (7)) 0.258 0.297 0.87 1.29 (0.72, 2.32) 0.384
TEAHLI (F5) 0.795 0.292 2.721 2.21 (1.25, 3.93) 0.006
4k, 0.727 0.277 2.619 2.07 (1.20, 3.56) 0.009
HPRELL(>1) 1.053 0.277 3.799 2.87 (1.66, 4.93) <0.001
RN -1.769 0.59 -3 0.17 (0.05, 0.54) 0.003

3.5. HEFILEEETM PTC &4 XK

0 10 20 30 40 50 60 70 80 90 100

B/ 1)

&
(RN . !
e o
=)
FEAS R . '
H.
= 2
51k, | !
o
7EIE
éMﬁtlﬁ(zl) T ]
7&1‘\‘
Hjlﬁ?[]]%% I T T T T T T T T T T T T T 1
1.4 1.2 1 09 0.7 0.5 0.3 01 0
4“_EL,L§]\ (ﬁ]k) IR L L DL LA LR DAL DL B LA DAL B |
0 20 40 o0 80 120 160 200 240 280
TR MR - . . | 1
0.1 03 0.5 0.7 0.9

Figure 2. Line chart based on independent influencing factors of papillary thyroid carcinoma

B 2. BT RURBRIL R ERIR S RN E AT E

BT Z IR Logistic A4 R, RREIAE FEEMML 540, PRILL ZBEHIER C 1y B RN
TR, 408 A 3 21 2 Pl P A A AL TN R A DU o % T30 L] 51 24 P v ot e ] )3 A 5
KRANGIBCAH AL, FerpIRIA S - UBELE > 1 BB A | A R BBOR, £8P b S R8s 7E
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PR FORT O AR (0 DTHREC Y . 2 : ESALTEIRER IR IR TN R 5, el s C S B, A
(BT 0T ISP RGBS T 43 PR o 38 3 Xof % T B 1) SR I 23 HEAT B0, AT SRASF M S0P 4y, JRiE—2D
L SF 45K I () FR R R RN, DT S BT 8 2 e XU P B0 A P A

AL B T HE ) Logistic [A1VARAY ] K~ A: Logit (P) = —0.9547 + 1.5076 x {K[AIFF +0.8947 x &
A (AT) +0.7739 x F54L + 1.0713 x HUBELL(>1) — 1.7465 x fkdlzR, Hrbh Py A= Ha I T AL e o
HIZR BRE T 2 TR P RRAIE R SR s Fiabs, I PRAR L B T HR AR AR XU T L (] 2).
4. g

1375 A R 2 R ER(HCY), BRI ER C (Cys-c)/K- T B IE SE 5 2 Bt iR A 5<[4]. HCY & —Fh &
MRS, H4E4E % B12 MntRR& UIAHOC, oS B E A B Ak, EMR N R3NP, dERFEE K.
E AN AR, B - DA M B JREE(MTHFR) X 48§ 1 (ponl)Fl heatt fZER 2 A 5% HCY IfLE
FE ARSI IIAE I [5]. T ARFT &N, FEMPR 8, IR iR A A= F0 DNA SZA5AHDE, T HCY K7t
51 B DNA K32 451, 1 HCY /KP4 5]k DNA IR KSE R B, DNA HEAV= iR & A 15 2% Atz b
R EER RG], MR KEIGE, 2 5XRE BTSN E R B12 X, SEUFmREA
FRAG AU, {3 Hoy TEAR N B AR, MO FRIEEA DI T e fdh J o [RIEE Hey w2 i Jeg 26 3 sk 1l 5
AW RGYIRe R, BRI AR BRI AR E R[] I N L Y R AR (R I T L
Y AE K B AT SO SN S B M B 55 [8]s Cys-C & A= A= () — R 27 5 11 24 e S IR 25 1 T
B, P AEREEL M A IR, LT RAEITA A A bRk, AR R, TR
BN 58 A RORI A AR . 3R B SR A A A AR, R AN A B B A kLY 2 FE Cys-c [9]. T
B R M — BRI R Cys-c M85 H, Rtk Cys-c TEMMEIGHA B RUFIMRaE e, MiASZER . M5, K
. RRERIMAGACPER R M. AU ARR, FURIRD) e 2 500 B 2R 2 SR &) 71 C /KL
JBET 2P B R R R A0 7 eGFR, HUIRBRISCER v LA A3 C M RIAME A . EHVIR
BRTHREIOR I, MIEMEME C /KT, EEEEMIBITE, HAK T2 EIES . Cys-c Mgk
KN e 1R A S A AT R 2 T I R A TG AE AN [ R 2R R iE R AR R R AN R B R HE I E AN,
EA NIk, Mg Cys-c 5N [RIZE A g & A U 2 (8] R SRR AN Bl . Fe 7 B b K2 e 7 R B R K
B R I PR AR 7 po0 — TR R s TS 53, ERE AR (=58 %), [l Cys-c /KFHn
55 3 B AR U B B AN R 0% EAR R AP (<58 #), 1L Cys-c /KP38n5 f8 A A KUK
BAERPIEMAK. S TFatshs, ERMEES, 2K Cys-c /K P10 M & A )UK B A 550 1) 1
FADG o 1ZIFFIRIR Cys-c /K15 2 Tk e 1) 5 2B AU 2 3 A OG, LY Cys-c AT Rt — Rk il 22 Pl ie
KA JRURS: RV TE AR A5 B [10] o AN 78 B0 R e ZEL IR AT R KSR T AR 2L, 3 — 67 [ DG P R 5 ey 4
AR S ThREAREENLHIAE O, 0] B85 bR 40 MO A BR FEOIR R 5 35 R IR DO e B G 0, B AL 4Rt
T MR M YR o Ah, WU SR SR 51 R ARG, BRI HCY HEA MR, A iE K- P T s
TESPEEIS M SOEIRES T (UG B 5 i ) A2 e 2 C IR, Iy Cys-c. Hey /KFRE
FE— BB b S A Y JAE SOSL IR o A 2 N AR IR K P 12 (b 22 51 Hey . Cys-c K1k )
Ak, A SRR, MM 4A 5 R5ThEE. BT LB HCY. Cys-c KF, AU AT B HUR
JRIhRE S H 2 W 5697, 1 HAERE I H A R Gogei Ty o 20 7 = Z A 4E AL

AR T4 RN ORI T A AR IR 7S L TSR, 8540 HRELL > 1 RIMIEMINER C /K TN
Fges R A PRI B ST SR R 30 KR TmT P8 4 700 R A RO I RUR: S 3 T i o TEAS RO 546 DL LE > 13
b5 Figeg AR I I SB35 A O AR C /KPS R R A B UG, SRR ER C /KA sl B e R AR
SRS FEARAE G o 45719000 T3 BT 5 R R AR XU 2 [ AR LR 31 W 5 A G . ROC i 2k i ok, &8
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