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The Incremental Effect of Dynamically Tracing Pre-ablation
Stimulated Thyroglobulin in the Diagnosis and Treatment for

Distant Metastasis in Differentiated Thyroid Cancer

ZHAO Teng',LI Tian-jun',CONG Hui?, et al.
(1. The Affiliated Hospital of Qingdao University ,(Jingdao 266003, China;
2. Peking Union Medical College Hospital ,Beijing 100730, China)

Abstract: [ Purpose | To investigate the value of dynamically tracing pre-ablation stimulated thy-
roglobulin (sTg) in the diagnosis and treatment for differentiated thyroid cancer (DTC) with distant
metastasis. [ Methods] The 221 cases with DTC undergoing total or subtotal thyroidectomy were
divided into 2 groups:M; (n=50) and M, (n=171) according to the presence or absence of distant
metastases. Pre-ablation sTg and the corresponding thyroid stimulating hormone(TSH) values were
dynamically surveilled. The pre-ablation sTg and corresponding TSH collected at the first time
were marked as Tgl and TSHI,while as Tg2 and TSH2 at the last time. Variation indexes in-
cluding pre-ablation sTg variation (ATg) and its velocity (vTg),Tg/TSH variation (ATg’) and its
velocity (vTg’),as well as ATg/ATSH ratio were calculated. Logistic regression equation was es-
tablished based on the above variation indexes combining with Tgl and Tg2,respectively. All of
the indexes,independent or combined were compared by receiver operating characteristic (ROC)
curves and diagnostic critical point (DCP) to evaluate their value in judging distant metastasis of
DTC. [Results] Among all of the sTg variation indexes,ATg/ATSH ,whose reference range was
-0.40~0.44ng/nlIU ,worked best in judging distant metastasis of DTC with sensitivity of 90.00% ,
specificity of 88.89% ,and accuracy of 89.14%. The area under the ROC curve of ATg/ATSH
combining with either of pre-ablation sTg (Tgl or Tg2) in judging distant metastasis was 0.971.
This combination,compared with each of the independent indexes,helped improve the accuracy
to 92.31% with a higher specificity (93.57%). [Conclusions] Dynamically tracing sTg before ra-
dioiodine therapy might offer more incremental effect to the diagnosis and treatment for distant
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metastasis in DTC. Combining ATg/ATSH with either of pre-ablation sTg (Tgl or Tg2) would be
helpfull to improve the accuracy and specificity of judging distant metastasis in DTC patients as
well as providing evidence for pre-ablative assessment and strategies of radioiodine treatment.
Subject words: differentiated thyroid cancer;thyroglobulin;radioiodine therapy ; diagnosis

PR g S PR 0 0 2% 498 0 Sk 00 e i DL ) 8 e
fif R, DRLHE 0 R 30 AR R R a4 KBk )2
FeyFt ) HA 2y 909K 434k A HUIR iR 988 (differentiated
thyroid cancer,DTC),1%~23% 1 DTC 34 7E 12 Wi b}
EL & A g Ab 5 7% (distant metastasis, DM Sk 1 H
B AR T- BOd TN EE P DM RS 3 15 77 A —
SE R BRPE, WA PLIBT TR CT H 2 P2
Wr Pk 4 & B 1% (diagnostic whole-body scintigraphy,
DxWBS) 4 K i K 5 & B s ik B ¥ bt AR AT IR YT
Ji4 B AR (post treatment whole-body scintigraphy ,

RxWBS) £ £ 2-%-2- i % -D- 1 % # (*F-FDG) IE A:Chest CT with no nodule in lung before radioiodine therapy
HL - 2 S W7 2 LR (PET) B A 48 1E 4 K I8 (Figure 1),

A b R G 7 I 38 27 48 A5 6T DTC 3zt Ab 5% %% 1 . 1 '

WU B A B S, HUIR IR 3K 2K F (thyroglobulin, Tg) »

SN DTC PLIRYT e K BE 7 9 B S48 An )iz
MR, B IE YT R IR IR BR AR I (stimulated
thyroglobulin,sTg) £ DTC 12 Wi ik ¥ H i 4 1 16 47
G, H TR EEAMNE T IR TG 1EsTg
XF T DTC 2 i A2 J ol om b 5 7% 1 100 {8, fit
A i3 5 T H 3 25 AR AT e 1 PE Al SR YT R Y

B, AR T — AT ST s, sh A I BT IR B:DxWBS showed no abnormal uptake in lung
7T sTg I3 H il TSH 281 (1% HLfH (A Tg/ ATSH)

BERIR sTe M= fHAF DTC A4 % 12 Wr b ] 3R 5 A .

e I HERRPE FVRE Sk . AR SCEFE AT BTIRYT T sTg

AR S, DU SRR DTC i b %12

W X HE Y B AR A

1 #AREFE

1.1 —mER
2012 41 3 A & 2014 4= 8 A 7t 52 Wr A EE B it

C:RxWBS showed diffused bilateral pulmonary uptake (pulmonary

2 HW B A& 3612 08 DTC AR5 (%@] k4] ) metastasis) except thyroid bed
BE 221 B, Hirp B3 80 4], &Mk 141 B, AR S 12~ Figure 1 Female,40 years old, differentiated
68 % MRYE I T AEAE AL 5L B A R i Ab i B 4 M, thyroid carcinoma
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(50 i, Horpr S50 21 ], Lotk 29 )5 - B4R i 41.7+
13.2 % ) MR b 5% % 20 Mo (171 1], v 55 % 59
B, 2ot 112 )5 F- Y 4R 8% 40.8£11.7 %)
1.2 ®EHX

TRYTHH PR A 4 45 i 5 CT S0 5 |, PR
JYHT MG sTg [ ARJ5 A MR IRk P AR IR R 5 TSH
FE 85 (>30IU/ml ) R I 22 (4 134 Tg 7K F- 1. TSH
K HURBRERE FPUIE  (thyroglobulin antibody , TgAb)
IR 53 K AR e 1 TP AL 5 22 % JE HE1T DxWBS
Kty i B DRI A S R ATA 46, I
TIBIF 5 5~8d #E4T RxWBS #i A . 72 b 5 7 1O
G CT . DxWBS = RxWBS 4% & i LG #r 28 & H
Wr, BE PLIBIFRIILT sTg AR TSH, TgAb &
Y A 43 53E A Tegl [TSH1 TgAbl, AWK (GE % K
IGYT 24 R IR BLAT A I ) 124 Tg2 \TSH2 TgAb2, TSH
I >R FH AR 27 016 B 982 43 B vk (R L FEH- 3 W), AD-
VIA CENTAVRXP) , £l {5 Ffl /& 0.004~150p.IU/ml,
Tg Fl TgAb M7 K F B AL~ BOG RE sr ik (36
B IRA T ELT0) K75 7351 72 0.1~1 000ng/ml F
10~4 000IU/ml, TSH F1 Tg il 2 {F 8 1<k HAG 0 35 6]
B} 43 31l5E M >150IU/ml A1 000ng/ml, TgAb - {E
o T HSZEIEE LR 1510/ml)E RSN AARFE
1.3 SitFEahE

N SPSS22.0 A #EAT G327 03 M I 0A sTg 7242
fEAE (ATg=Tg2-Tgl) sTg 28 {b 3 & [vTe=(Tg2-Tg 1)t ],
Tg/TSH 7L AE (A Ty’ =Tg2/TSH2-Tg1/TSH1)  Tg/TSH
Ak [vTg’ =1000x(Tg2/TSH2-Tgl/TSH1)/t ] J
sTg B TSH 7% 1k b {5 [ ATg/ ATSH =(Tg2 -Tgl)/
(TSH2-TSH1) ], ¥ | Mann-Whitney % FKG 5 H 4 0
20 225 K H Logistic [MIHBIALKE DL 145 sTg 221k 45
PRor 505 Tel Te2 Bk A # 57 Logistic 1715 7 & , I
FHE ST 45 48 b SR B AR )3 R T DTC 3z Ak
A% ROC 4R SRS RS W A A, FLE AR A

FIWrDTC b % B 1) RO ek R LTt
TAE (positive predictive value,PPV) FI [ P4 7t il {5
(negative predictive value,NPV), P<0.05 &2 74 4t
R

2 & R

2.1 sTg THIERRE DTC iImAEBRIE R

M, 415 M, 41[8] ATg vTg, ATg/ ATSH 22 5 3
A Gt eEE (P H<0.01), ATg fil vTg® 22 7 L5811
275 X (Table 1), ¥ ATg vTg, ATg/ ATSH FH75 Al
R A PR B A% 50 0 51 i ROC Bl 8, ATg vTg, ATg/
ATSH>0(RI sTg £ 75 & #) it ROC i £ T i #1143
B4 0.900(95%C1;0.842~0.959) .0.917(95%C1:0.866~
0.968) 1 0.914(95%CI;0.855~0.972) , £ & 15 ¥ (R
JE 47 S - 1) B KAA 5397 R 0.666,0.704,0.799, F1 1K
TEANFERS (1 e A FHE 33 7.75ng/ml 0.7 Ing/(ml - d)
i 0.44ng/plU; ATg vTg, ATe/ ATSH<O(H] sTg & %
%) i ROC #h e T A 51 0.835 (95%CIL:
0.689~0.982) .0.860 (95% C1:0.723~0.996) Al 0.890
(95% C1:0.747 ~1.000), 24 % $5 %4 e K AH 5 51 R
0.622.0.653 1 0.765, XF I 1) e 412 Wi {8 4553 41
“4-10.50ng/ml .—0.60ng/(ml - d) F1-0.40ng/pIU(Table 2),
Ho ATg/ ATSH 5 ROC Bh <k F miflgs K, HH
Ph=0.40~0.44ng/lU hy B8 ) W7 3 Ak 5 7 19 249 %% F5
B R, XN R RS R R AT R
90.00% .88.89% F1 89.14% , -4 LK | FF -4 74 00 (.
439 A 70.31% F1 96.82% , 7R sTg 748 1k 48 #5
ATg/ ATSH X b 1% DTC W12 W 54 B i .
22 sTg TUIBIRELAE 13877 B sTg 7k FE 3¢ DTC
i Kb 5 7 B FI B

M, 41 B IR YT T sTg U & A (Tgl M Tg2) 3%
T M, 41 (P #7<0.001) (Table 1), Tgl \Tg2 5 it Ak

Table 1 Serological characteristics and their changes of the 221 cases with DTC

Median (25%~75% quartile)

Parameters M, (a=171) M, (n=50) U P

Tgl(ng/ml) 4.40(2.30~9.90) 110.20(42.25~377.90) 534.0 <0.001
Tg2(ng/ml) 5.20(2.80~14.00) 143.55(45.30~457.55) 396.0 <0.001
ATg(ng/ml) 0.50(0.00~2.70) 11.80(-0.23~86.95) 2603.5 <0.001
vTe[ ng/(ml-d) | 0.080(0.000~0.238) 2.336(-0.035~10.002) 2537.5 <0.001
ATg’ (ng/ W IU) -0.005(-0.030~0.003) -0.081(-1.841~0.189) 3755.5 0.191
vTe’ [ng/(pn1U-d)] -0.685(-4.445~0.341) -12.281(-185.258~21.340) 3734.0 0.174
ATg/ ATSH(ng/ p IU) 0.024(-0.001~0.120) 1.178(0.011~3.886) 2400.5 <0.001
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R A ROC #2530 24 0.938(95%C1 .
0.896~0.979) 1 0.954(95%C1:0.927~0.980)(Figure 2),
LB KR K AE 2 R 0.767 F10.800, Xt i A f A%
W LA 550 94 12.35ng/ml Fil 24.45ng/ml , 2 Wi
A B DTC 1 R, 43 3 96.00% il
94.00% , fHFF 5 | HEH ST ATg/ ATSH

OEME B R, AT/ ATSH 5 BT 3E 97T sTg 7K
(Tgl 3% Tg2)BK G N2 Wk 4 5 # 1% DTC 1955 5
6 SRR 1 R T A A= o= s 71 B2
93.57%F1 92.31% , B 14 T A | BF 4 T £ 53 51 >
80.00%F1 96.39% (Table 2), #/x ATg/ ATSH 5 ™1
RIT AT sTg /K (Tgl 5% Tg2) BkA N H A B T4 &

(Table 2) .
4 ST B ALAR AR (ATg v T

DTC it Ab 5% ¥ 1912 W 3L fiE

B ATg/ ATSH) 5 B'LIA YT HI sTg K-
(Tgl A1 Tg2) W+ H L Logistic [81J
O B Kot ROC il £ T i Y
(Table 3), FHr, ATg/ATSH 5 ™1
IRYT AT sTg K (Tgl 5% Tg2) B A ML
FH 0 Bt b 5 A2 4 DTC /Y [l 19 7 72
ROC & PR K, ¥k 0971,
e 12 W BHAE 53 0 o 0370
0.386, 2% 45 %> % 4 0.816 #
0.822, i bk Wl 5 B HA . Y
ATg/ ATSH 7£ -0.40 ~0.44ng/pIU F
{ELYE R P B, Tl T2 12 Wi 3 &b 5% 7
A 43 Bl A 128.73ng/ml
128.13ng/ml; 24 ATg/ ATSH #111-0.40~
0.44ng/pIU FHE U Fl I, Tgl \Tg2 2
W Ize b 5 7% 1) FAE 0 591 24 12.44ng/ml
1 25.51ng/ml, B H R G2 W5 ik
XiFAIF 9T 40 A B 221 91 A B kAT

Sensitivity

0.4
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Tgl+vTyg
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0.0

0.2

0.4
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1-Specificity

combining with a single sTg measured at different time before
radioiodine therapy in identifying distant metastatic DTC

Figure 2 The ROC curves of each parameter regarding to sTg change

Table 2 Serological characteristics and their changes before radioiodine therapy in identifying distant metastatic DTC

Sensitivity Specificity Accuracy PPV NPV

Parameters Cut-off TP FP TN FN %) %) (%) @) ()
Tgl 12.35ng/ml 48 33 138 2 96.00 80.70  84.16(186/221) 59.26 98.57
T2 24.45ng/ml 47 24 147 3 94.00 85.96  87.78(194/221) 66.20 98.00
ATg -10.50~7.75ng/ml 40 25 146 10  80.00 85.38  84.16(186/221) 61.54 93.59
vIg -0.60~0.71ng/(ml - d) 43 29 142 7 86.00 83.04  83.71(185/221) 59.72 95.30
ATg/ ATSH -0.40~0.44ng/ nIU 45 19 152 5 90.00 88.89  89.14(197/221) 70.31 96.82
ATg/ATSH and Tgl WhenATg/ATSH is in the 44 11 160 6  88.00 93.57  92.31(204/221) 80.00 96.39

range of —0.40~0.44ng/ wIU,

Tg1>128.73ng/ml;

When A Tg/ A TSH is out of the

range of —0.40~0.44ng/ w1U,

Tg1>12.44ng/ml
ATg/ATSH and Te2 WhenATg/ATSH is in the 44 11 160 6  88.00 93.57  92.31(204/221) 80.00 96.39

range of —0.40~0.44ng/ WU,
Tg2>128.13ng/ml;

When A Tg/ A TSH is out of the
range of —0.40~0.44ng/ nlU,
Tg2>25.51ng/ml
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Table 3 Logistic regression equation and the corresponding ROC curves of parameters regarding to sTg changes
combining with a single sTg measured at different time before radioiodine therapy in identifying distant metastatic DTC

Parameters Parameters or regression equation AUC Standard error P 95%CI

Tel Tgl 0.938 0.021 <0.001 0.896~0.979
T2 Tg2 0.954 0.013 <0.001 0.927~0.980
Tgl+ATe/ ATSH P=1/[1+¢08680027Tel 3140 ATy ATSH)| 0.971 0.010 <0.001 0.952~0.990
Tg2+ ATg/ ATSH P=1/[1+7120H005T2-2976 ATy ATSH)| 0.971 0.010 <0.001 0.951~0.991
Tgl+ATg P=1/[1+e 71 5470032e1-10024Tg) 0.956 0.013 <0.001 0.931~0.981
Te2+ATg P=1/[ 14 206H005T2-1447 AT 0.954 0.014 <0.001 0.927~0.980
Tgl+vTg P=1/[1+e 1 47008Tel 2110:T) 0.956 0.013 <0.001 0.931~0.981
Te2+vTg P=1/[1+e 17002173018 0.953 0.014 <0.001 0.926~0.980

3 %W it 77 1 Rk Y TP B R 926 B B8 ) TSHL i T

Tg &R DTC BFH ARG B B IRYT IG W I b g
5% BE B AT A i B B R P IAYT R sTg, 1T
5y ARG A RURBRA LU s m , — LB 58 3R
FEAETR 1 VA FE T D3 v ) 3 SUATI A AR 4P 3L 102
Ciappuccini 5 "B 52 & B4 i R BRI R 5 sTe>
28ng/ml B¢ A H 40 TSH T sTg>2.8ng/ml s X 1] W7 95
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T Ab B R 1 DTC HA 8 B2 0E W12 W i i
ATg/ ATSH £ 1 F DTC i &b % % (112 Wi i) 0] 53Ky
PR 0L . D24 ATe/ ATSH>O0(sTg B TSH T+ ifii FF
=), M, 2H ATg/ ATSH %005, 4 7 31X 7l 43 £ 45 1 It
Wbkt 32 TSH T i BT 7= A Tg BN F i b
R % (224 ATe/ ATSH<O(sTg i TSH T35 i
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Y NPAEBE My ZH K, I AT 58 5 3 Ak 5% 3% kb B 15 24
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