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Diagnostic values of spectral CT and its combination with
thyroglobulin detection for benign or malignant thyroid nodules
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Abstract Background and Aims: Thyroid nodules are common clinical entities. Among them, malignant nodules

have a higher risk of metastasis. Correct definition of the nature of thyroid nodules is of great
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significance for developing treatment plans and improving prognosis. However, all currently available
inspection methods have their limitations. Therefore, this study was performed to investigate the
efficiency of spectral CT and its combination with multiple other factors in differential diagnosis of
thyroid nodules.

Methods: The data of patients with thyroid nodules admitted from August 2018 to March 2021 were
reviewed, and the eligible cases were selected according to the inclusion and exclusion criteria. The
demography factors, imaging findings, spectral data and thyroid function test results of between patients
with benign or malignant thyroid nodules were analyzed, and the variables with significant difference
were screened out. The receiver operating characteristic (ROC) curve was draw, and the diagnostic
efficiency was evaluated by the value of the area under curve (AUC).

Results: A total of 151 patients were enrolled, of whom 46 were males and 105 were females with a
total of 224 nodules that included 61 benign nodules and 163 malignant nodules. The variables showing
significant difference between patients with benign or malignant thyroid nodules were age (P<0.001),
thyroglobulin (Tg) (P<0.001), thyroid peroxidase antibody (P=0.003) and calcitonin (P=0.017); the
variables with significant difference in terms of morphological features and spectral parameters between
benign and malignant thyroid nodules included the boundary (P<0.001), calcification (P=0.03), cystic
degeneration (P<0.001), and rate of change of water concentration (RC,) (P=0.002). The results of
multivariate analysis revealed that absent of cystic degeneration, RC,,., Tg and age were risk factors for
malignant nodules (all P<0.05). The sensitivity, specificity, accuracy and AUC for spectral CT alone
(spectral parameters plus imaging characteristics) were 55.7%, 94.4%, 91.0% and 0.783, for spectral CT
combined with Tg detection were 81.0%, 80.9%, 80.9% and 0.850, and for spectral CT combined with
Tg and age were 85.7%, 84.6%, 84.7% and 0.905, respectively.

Conclusion: Spectral CT has certain value in differential diagnosis of benign and malignant thyroid
nodules. The RC,,.and imaging characteristics obtained from spectral CT combined with Tg detection,
with consideration of age of the patients, may offers a higher accuracy for definition of the nature of
thyroid nodules.

Thyroid Nodule; Spectral Imaging; Thyroglobulin; Diagnosis, Differential
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TR TR ERITT BB ENG B EEE L,
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needle aspiration cytology, FNAC) =B bR,
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5 (4) ARHETER AR MRS, TCH A 8 12 1Y
g o HEBRARME (1) JC B 25 2R B 3 25 SRR ]
s (2) e BLARE A7 AT FH IR AR BB 3 CT A7 76 oAl
AGVERDIE s (3) M CT AR b TRk R &t . 5T
E SR ILGE TSR R RN ¥ B AR iOE (Rl
JIT AT B A A2 1 24 R () 4 2 R R =4S
12 Fik
1.21 BEFoi W34 HEAFE LI ME L
W 2% 6 %) TR S e 5 A oA R I T AR K o 3 ) 1 0
T Ad I AWA.6 AR Sl S B v IR 2 W o SR AR AE
ZAGETE RS A U o LI Y N A R
e SRR A R R BURR R A A A i
K (EE=Lem) BWREL. D EELE A AR
W, PL2 44 BE i — B 4518 1
1.2.2 s odr W14 EA TR R
UiX Ffe A7 485 755 e AT 0 o, FERE AL AR B R
DL X 38 (region of interest, ROI) O 0 CE TR
SE 5 IEE HOR MR o R e A v SR X, O
WEIF IR A4 . AR L, RESH A
o G5 RIE # R IR 41 4140 keV B 1 CT i
(HU40 keV) . 100 keV I} f CT f£ (HU100 keV) |
2 & (iodine concentration, IC) . /K& & (water
WC) . A I T )7 £ (effective
atomic number, Eff-Z) . FE 3% il &k &} & (Slope of
NHU) 31 5 2 50 AHU=
(HU40keV-HU100 keV) / (100-40) "M Sy i 20>
AR ZE XL RN, A T AR A T S
IEHPARIRAL e S BUE A, . B i
AE4E# (rate of change of iodine concentration, RC,) =
CHHOIR B 45795 1Y 1C-1E % HUIR BREHZURY 1C) /IE 3
RIEAL R IC; WCAEHL . (rate of change of water
concentration , RCWC) . Eff-Z 254k % (rate of change

of effective atomic number, RC,,,) FI6E3E #h 28 28 1k

concentration ,

spectral curve,

#  (rate of change of slope of spectral curve, RC,,,)

B2 N = A
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JIE AT B304 2R FH SPSS 22.0 B F R 4T G 32 43 4 o
TP ERCR M £ brifE 2 (v+s) Fom, T
BORLR B 2 R RN o A7 A S A i I RO
AL LRI ST AR A oA s THRCTTRM AL ) AR
X K5 o R FH 0T Logistic [71 15 43 B 77 325 i 158 B R
Ji S T R B R, R 2 32l E AR RRE
(receiver operating characteristic , ROC) phigk, LIk
28 T FY (area under curve, AUC) TEH#Y %12 Wi
R BB RE . P<0.05 22 A Gt X .

21 BEMEH

A 151 B8, S5t 224 M. RMEAH
Zi el M, WIELS W HEHARREM (n=56), HrA
FORBR R (n=2), WRELA0MHE PR AR & (n=3) ;
B8 Hl, & 176l FERE27-75%, F (5372«
12.16) %, SEVEA L5 1634, #48 HURBRFL R
g (PTC), JYE38M, Zoitk88Mi; 4R 21~75%,
Py (4166 +11.77) %, RYEBE A5G RE
RIS 22 A Gt B L (P<0.001), PERI2 R
TGRS (P=0.739) (F£1).

F1 BEMER

Table 1 General information of the patients

SRS N Y e
5 P
o (n=25) (e126) X
(R ,x+ ) 53.72+12.16  41.68+11.77  0.021  <0.001
P (%)]
& 17(68.0) 88(69.8)
0.193  0.739
5 8(32.0) 38(30.2)

2.2 WEZESH

RPEZ T 5B R RS hnh 2R A
it R X EE . R (P.001) . 51k
(P=0.030) FI#EAE (P<0.001), 10k 4556 KAy 2
SR X (P=0.235) (%2).
2.3 BEIESEEENW

RAYESGS W HOEMLS W RC, EFARIT R
X (P=0.002), Hp&aeikSHERr Y LG+
(¥1P>0.05) (F3). REMEW LR CT B & W
K.
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R2 WEFHESRITERIn (%) ] ®3 RUSTEBEETHRIESHLER (x+5)
Table 2 Statistical results of morphological characteristics Table 3 Comparison of energy spectrum parameters be-
[n (%)] tween benign and malignant thyroid nodules (x + s)
o £ MANERE Bk P RIS REIGSAL  RUEZST (n=61) SEMEZET (n=163) ¢ P
RS (n=61)  23(37.7)  9(14.8)  31(50.8)  21(34.4) RC, -0.23+0.25 -0.2320.18 0.147 0.883
SEMEZE T (n=163)  21(12.9)  47(28.8) 9(5.5) 43(26.4) RC,. -0.23+0.25 -0.23+0.18 0.186 0.853
X 17.326 4.693 62.094 1.408 RCy.. -0.005 6+0.0122 -0.011 1+0.0114  3.174 0.002
P <0.001 0.030 <0.001 0.235 RC,._, -0.042 5+0.046 4  -0.042 3+0.0329 -0.030 0.976
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Spectral HU Curve 2

HERAREE CTE A PTCEFH (I, 35%) HURNRAEIE CTIA; B: Z5PEHVIRIRINEH (&, 69%) HUIRIRGE

FECTK, H@ RO, 20 HIERHURIRASY, C: PTCHEFE (B, 28%) HUARBERERECT IR, D: 2515 R AR
BE (B, 44%) HURIRGEISE CTE, BE RO, L0681 H FUR AR

Figure 1

Spectral CT images of benign and malignant lesions A: Spectral CT image of the thyroid of a PTC patient (female,
35 years old); B: Spectral CT image of the thyroid of a patient with nodular goiter (female, 69 years old), yellow ROI show-
ing the lesions, and red showing the normal thyroid tissue; C: Spectral CT image of PTC patient (male, 28 years old);

D: Spectral CT image of patient with nodular goiter (male, 44 years old), yellow ROI showing the lesions, and red showing
the normal thyroid tissue
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2.4 ERIRINEEILE

R BRIhE 7 18, Tg. HOR AR 2 &1k 4 i Bt
& (TPOAL) FFEEEZE (Ct) 1F BB 41 /0%
BEMAZ B AAEGI =25 (P<0.05), Tiifie HAR
JRECE (TSH) . TgAb. FEHPLIE (CEA) . MM
KM (VEGF) 548 pr7e BOEMEAL ) ) 22 5
WG E L (BP>005) (F£4).

x4 RUEASEEANFIRBRINGELSRILE (x+5)
Table 4 Comparison of thyroid function between patients
with benign and malignant thyroid nodules (x + s)

58 57 S 1

i (n=25) (n=126) ‘ r
TSH(wIU/mL) 1.50+0.96 1.97+1.82 1.647  0.101
Tg(ng/ml.) 134.71+154.92  37.31+83.18  -3.904 <0.001
TgAb(IU/mL) 23.49+113.99  95.56+40521  1.860  0.064
TPOAb(IU/mL)  27.72+134.34 121.99+279.28  2.991  0.003
CEA(ng/mL) 2.7442.10 2.33£1.65 -1.319  0.189
VEGF(pg/mL)  132.46+135.17 144.75+91.84  0.508  0.612
Ct(pg/mL) 0.84+0.58 1.62+2.20 2442 0.017

25 ZEZREBESH

Sk A% HR O ) DT 4 Y R M e EL Y ) S8
W T A 2505 R 4 A 53 ) i 4T 2 JC Logistic [ 14 43
Br, @R ) BiES%AH . f£RC,,, . RC,.
RCy. M RC,,, T, HEFZ W 1S40 RC,,; 2B
B FEHRNW . A, LRZ . T
FESE R MMk g b, Fe B iy S50 i AT
MICHEAE; (3) FARMRIIAELL: 7ETSH. Tg. TgAb.
TPOAb . CEA. VEGF Fl Ct v, f B0 1258 N
Tg; (4) —Mf5 B4 . FEAERAMER T, & E
SO Gy S KAy i< IR Ll o - L RN R i MR = A ]
0 28R AT | A3 B, S5 R WoR, ToREAR
RCye. Tg. FIE RS REKRHEE (3 P<
0.05) (%£5).
2.6 BEIL CTIZHTFKBRE T REMERIZEE

AE I CT 148 — vk ] [H] i 345 BE 1% 2 BUR 32 1%
SRR, WO SRR AT O BB S S 8 5O A A I K
BRUAE . BEIE CT (RC, MICZEAR) BKA Te. il
B ROC fh 430 (K12) Bon, ROCHZ T Hif>
0.905, & T H4ifgilk CT X Agik CT B A Tg 19 il 4k
TR (F6) . ZBERIS Wi RO 255 1) R
BB RE . RE S R RNOUE W R 0 0 K 85.7% . 84.6% FHI
84.7%
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RS BSEXHSHRIKBRER T Logistic @35 47
Table 5 Binary Logistic regression analysis of each vari-
ables in the diagnosis of thyroid cancer

S5 B SE.  Wald P Exp 95% CI

T 3.003  0.608 24.356 <0.001 20.143  6.112~66.381

RCy.  —54.113 22239 5921 0.015 <0.001  0.000~0.000

Ty 0.006 0.002 7.586 0.006 1.006 1.002~1.010

AR 0.095 0.021 20.208 <0.001 1.100  1.055~1.146
1.0 .

| — B Cr

0.2 — AERECTEEA Te
REIE CTHES Tg AR
— B
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Fp 5

B2 AEFESE RIRBRER ROC H & E
Figure 2 ROC curves of the different methods for the diag-
nosis of thyroid cancer

Fo6 BRECTRERAREBRKASEHARKKRETRTMAIRRE
(& (%)
Table 6 Comparison of the diagnostic efficacy of spectral
CT alone and its combination for benign and ma-
lignant thyroid nodules (%)

£ty AElE CT REIGCTHCS Tg  ABIS CTHLS Tg AR

R 55.7 81.0 85.7

FERRE 94.4 80.9 84.6

W 91.0 80.9 84.7

AUC 0.783 0.850 0.905
3 i i

12249 KM R OF 58 v, AR I R R hy —
Fofr R LA Sy F50I e R e Az B9 TR, 2 T R Y
5 AR IS B IR AR SR R AT Ik O A B
K, HURR B AR 00 e 2R AU ey o AEDRE AFT k
BHCRIRFL R AR b, 3Lk R B0
Jai ( papillary thyroid micro-carcinoma, PTMC) #Y34
B R S AR IS B UM OC ORI R 1 1 TR R e L
ESRNi Y RaER o IR G Y (VO =N o N N S B IR
R e W AE 1S R 0~6 213X T g 5 HUIR B
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FIRRUGW . RO RE AR | B S R AR
ARG 25, 5CHkGE —5™, B r s
H, T HOIR IR &5 Y R SR K PR B R A ok B 4
AT LA A F R 45 0 Sk AR ED, ELAS B 5% v
WA TG T2 25 5, — J7 10 v] BEAS BF 92 19 L 4 &5
WXL, HATEES R ERA W S8R
UHB IR L 5 i R A P

FOTR AR 2 AR i 28 5, F R AR B
FEOR R 08 960 b 12 200 B ) A B R A7 HE IR IR B R
e kAR, BB CT W1 38 i A 356 P& Xk 21 4 A 5
it (IC) #EATE A ™, BR R I8 R0 BRI
TEWD b R AN MR, A IC BRI, AR R
AR AL KR 1C BOE R HOR IR LS REE, 5 Bk
WF 58—, (H RO AL R AL 1C At R e 12 2
5, RC NG ¥ 25, X AT6E 5 Y u7 AR
BN R | RRE A R T BRI A R R A
A K. T —RETE S B ——RE I h 2 S i) X 2k
o5 L) G RS R I A AR PERY . BRI L, BT
it £ AT s e B o K E AS ] BB B 0 XR R R U R
ZSHICHE BA RS A /NEEABE ST R F
Al T 26 7E - 4% 41 23 1R VR Pk 9 O T 2L R 2 A T
J . BT FP NHU T A E e, AT
¢ R P 5P R NHU JF TC G it 2 5, Al fie
5 ARG A R R AN O, HRT R
eI

A% CT A o /K 36 & We, HA i we
5Y B S We B R A — 5. We FE B
B WG H R AN o K S A SUN PR BT Y 3 B
gy, WA G AR R TR 160%™, K A 5T IE
S, WP IE W AL NI B A AR 22 5P,
AETE CT LRI A WCH 2R WCIN2E R —E 2
JEE 2B b B IR R 41 20 A0 S R HE RN, A T
0B AF 0 R R OR R, S AR K D) 3 R o A 21 4
g A B AT BE R B OK o Ghita 25270 I B 2 AR K
I T R AR A G T A 21 2R R K A A
AT SR, IR SR/ HFRMEHLS R
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B AR 7 R E AL T R EAE ] o Camlidag S5
5 55 LSk R AN B AN R B B, X 62 )
BAA AT TRETE CT HA, WESL T R Z K
SRAEREZS (P<0.001), —I 514 AP
Al 385 FH T 1 o 988 1 22 2 500 2 A5 28 BUAZ HRLT MR
FF 55 P B, AR L 2R K B X3 K B
BT IR R A BT, B IR E KT, R AKX
(1%) V- $57 06 N IR T OE R SRR Y, A B
FErf BRI B RO, FIE G % 2 5, 12
75 RC o X 56 70 FRAR R 451 LA 2 Wi .

Tg A& — Fh iy DR R 08 9 1 Rz 40 B 43 b 11 9 2
F, 7EIEH HFRRAL LU RIfEE Y . e
Pl s ) R BRI BE AR R i R, # AT LA
S Te B9 A M Zr i o AEFIE LT, Tg/KF5H
RBRH LUK/ . TSHAKSE S G, A W58 R Wl
T8 T /K- X HUIR B 9 2838 192 Wi AR FH A BREY . i
WA, WEE kKB, ARETTg 5 Mg EE . TMN 4>
LI NWESL 1 N L A TE S B U O
W ARG Tg 588 75 RRAE 25 & @ ar T — A 100 A5 7Y
PEm T HUIRBRE AR T2 W e b . AR BER T,
R FCEEA T ¥ n] T, BPE AR S8 Te T+
B R AR T RS (P<0.001) ., {HAGHEREA
WAL T 18 ) B ME 45 15 MU M 45 1 O fE i | 3,
PR R FOE PR AL T 22 Sl BEE K. it
AL, Bl H I Tg K S8 B FE R R 9 AF A R
PR

e HRTEABPFFE A, Li S8 5% & I AE i
SRS . NHU S5 7E R FDE 2 BOIR IR 25 19 18
B RBA GRS, HAUERHCEDF Y, X
RE I S B 12 Wi A 2 KRR BE 0 5 i o N . R
e PR AR T RE TS S B0 HOIR BR 45T RO AR 2
(52 e B B, G G e IC R AL L I R MR AR v AR
ML i . NHU IX 3 A4S fig 1% 2 H0s i 222 1l ROC il £k
I H AUC 209 0 0712, 0.698 F10.702, {H AR
=LA Z A SEERR . B EIXE A 2
AETE 2 B & A, X FEOIR IR R R AT B, H R
KA B CT A1 H A A A 7 i o AR AR 90 3 0 X G 4
% RCye. Tg FIARRE R G AL, H AUC 7 0.905,
RE N 857%, R 5 B h 84.6%, W E N
84.7% , WHMIL A GRS 240, ROC £
AUC R 122%, "W 2§19 4 mE K. vE—4
e LT (12 KT, AE IR BR 45 RO M S 0 12
W L2 R Al e 8 7 S T S s v, 38 LA S
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25 1, RERE CT RCy X2 W7 HUR IR 2535 19 K%
P HAG —E M, RCy.. Fi. BEY¥ (AX
PR ) BRA Te vl F— 20 $2 W BE 3 CT X FR IR 4519
1 R 12 W RLCRE L R I DR AR T I A ) T R CRR R
S5 AR RS . ARF IR IE R R, TR T
A O HUR M IR ORI A OGN, RE
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